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LOI GIOI THIEU

Sach ™ Co s Di truven phan tie va Ky thudt gen” cia Tién st Khudt Hit
Thand ba gido trind chuyén ngand ding cho sindi vién ngandt Cong nghé Sindt hoe va
Cong nehé thie pham, Tricong Pai hoe Bdeh khoa Hé N6i, viet theo chiong trinh
da ditoc duyét ctia Bo Gldo duc - Dao tgo. Sach viét céng pha, chadn ne, dar cdc
véu edus oo bdn, i daf, Viet Namova s phom, ddt re var maon sdch gido Hhoa dat
hoo Vidr Nam.

Bc biér sach eé i dice noi bét va o6 siie hdp dan I dd viet vai noi dung
khe cap nhat, b sdf eée phdt trién méi nhdat nhitng ném gan day ciia Sinh hoc
plean ni, Dictravén hoe phan ne Niitng vdan dé chuvén sdu ve phuaong phdp phdin
tich phdn nt, vé kv thuat gen duoe trinde bay sdng stia, stic tich, khoa hoc, ¢ fié
thong, néit dicoe co s khoa hoe cia cde Ky thudt sinh hoc phan ni ting dung trong
thiee tion.

Scich ra doi ddp tng 161 cde véu cau odi cdcl hicn nay trong dao 1go dai
fiae, plut rop vai plucony bidng doi mdi néi dung, plisong phdp day va hoe o dal
oo, trong dé clai véu 1a g hoe, Bdy ciing Koran Tiéu thane kido o cho sindi vién
ngantt Cong nghd sindi hoe, Cong nghé the phdm cde trong kv thigt va cho sinh
vien nganh Sindt hoe, Nong nghiép, Lan nghiép cia mét sé triong dai hoe bl

Neodai hidu qud piuic vie dao tao dai hoe va sau dai hoc, sdelt eon oo gid
tri phie va cho nghicn ciu khoa hoe, cung cdp cde kich thiie, ki ndng, k3 tiut
phan tich thiee nghidn trong sinh hoc phan ti, di tricven phian e va kvt gen,
Qitip can bo nghicn citi cong nghé sinh hoe don ddu cdc fuiong phdt trién lién doi
cia St hoe thé ky 21,

Gido st - T1€n 81 - Nha gido Nhan dan

Phan Cu Nlin



LOI NOI PAU

Trong nhimg ndm gan day sinh hoe hién dai vi cic kK§ thudt nghien ciou sinh
hoe khong ngimg phat trien. [x ¢o s8¢ cho ciie dng dung trong nong nghicp, v hoe va
bao ve sie khoe connguot. Ditruyvén phan e vi Ky thudt gen [ nhitng chuyen nginh
s cdn thict cho cde nhi sinl hoe, nhilt [ cdc k§ su cong nghe sinh hoc, Cong nghe
sinh hoc hién dar nie néntang T di truyén phan wr vie k§ it gen nglly cang <o
nhi¢u tng dung trong thye Gén sin xual phye vu doi song elia con neudt, Cide thanh
it ve gidi mi bo gen ngudi, bo gen cay lia, bo aen chuot, nhan bin dong vat., Ji
md ra mot thod k§ méi giap con ngudi hicu bict, ¢o (hé chitn Kot mot so benh nan v.
ning cao suie khoe vis don song con ngusi.

DE dip ting nhu ciis hoe tap e sinh vien, chiing toi bicn soun auio hindy Co
so di truyén phan (i va ky thudgt gen, nhim nne dich cung cip Kidh thic co bin
trong [y vue di truyén hoe, di truyén phan i, edc nguyeén Iy co ban etia k¥ thuat pen
vit ed so Khoa hoc et mot 6 ing dung di truyén phan wr vick§ thudt gen trong ll:ll_I'C
ticn. Gido trinh duge bien soan trén ¢d s phan phoi chitong trinh duae Bo Gido dye
& Biro Lo phe duyvet trong chuong tinh giang day khoi Thie pham - Sinh hoc e
Truong Bt hoc Ky thuid (19973, Gido winh duge diing L G ligu hoc tap hoae thamn
Khio cho sinh vicn, hee vién cao hoe, nghi¢u cdu sinh... cic nginh cong nghe sinh
hoc, cong nght thue pham thuoe Vien Cong nghe Sinh hoe viv Cong nghe¢ Thue pham
truong dar hoe Bich khoa Fla Néi, Vien Dai hoc Ma T Noi vt cie Trudcng Pai hoe
khie nhu al hoe Quoce gia, Bai hoe Nong nghigp...

Ching 101 sin chan thanh cdm on GS. TS, Nhidv giido Nhan dan Phan Ci
Nin, PGS, e Neoe T di sta chita vy dong gop nhimg ¥ Kich quil biu. X chian
thinh cam on cic dong nghiep Phong nghicn cttu Vi sinh vi K§ thuat di irus én
Truong Bai hoe Biach khoa Ha Noi. dong vien giﬁp da, o didu kien hodn thinth gido

trinh. “Frong qud trinh bicn soan gido winh, chting 101 di ¢6 ging cip nhiat cic kicn



§

thite hign dai, bam sit muc dich vivimh dac thi coa mon hoe, 1uy nhién khong the
trinh Khoi nhiing thi¢u sét, Cluing-to1 mong mudn nhin duoe nhicu ¢ kién déng aép

cua bun doc va dong nghiép d¢ gido trinh ngily cang hoan chinh hon.

Xin chin thinh cam on cic ¥ kién déng gdp e ban doc.

TS. KHUAT HOU THANH

Trudng Bai hoe Bich Khea 1 Noi
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Chuong 1
VAT CHAT DI TRUYEN

I LUQC SU NGHIEN CUU VA THANH TUU CHU YEU CUA DI
TRUYEN HOC VA KY TIHIUAT GEN

Trong nhimg nam cudi cva thé ky 20, Di truyén hoc vit K§ thuat gen di pht
trién nhanh chéng, dut duge nhimg thinh o to Ién vé Iy thuyét vi thue tién. Su phdt
tricu ¢ DI truyén hoc vi Ky thuat gen gitip cho con ngudi higu biét co sé khoa hoc
cua Mol 56 bénh nan y, ¢hé tao ra cde loai thude méi gitip con nguoi chong lai bénh
tat, nang cao stic khoe v doi song. Thiaah tyy cha Di truyén hoe va K§ thuat gen
ngdy cang duge tng dung rong rii trong thue 1ién sin xudt nong nghiép. cong nghiép.
Cile giong vat nuoi, ciy wéng méi ¢6 nang suit cao phim chit (6, cic giong déng
thue vt chuyén gen dap ng yéu can e con ngudi...duge dua vio sin xudt dai .
Mt khite. mot s6 chung giéng vi sinh vt lich luy cdc chdt hoat tinh sinh hoe. hoic
sinh enzym, Khing sinh cao duge Gng dung trong sin xuit & qui mo cong nghiép
mang lai loi ich kinh t¢ ddng ké cho con ngusi.

Mée khai diu cho sir phit trieén etz di truyén hoe thue nghiem duoge dinh diu
bing cong rinh cua Gregor Mendel (1865), thanh tuu [én nhal trong nhitmg nim dau
the ky 21 la cong trinh gidi ma bo gen ngust va nhin ban vé tinh nguoi.

Luoe st phit teién coa Di truyén hoc vit K§ (huat gen ¢6 thé tém tit bang cde
cong trinh cht yéu saw:

{863 - Gregor Mendel phit hién cic qui luae di truyén, néu khidi niém “nhan
16 di truyén” duge xem 13 vt chit 4i truyén cla cde tink lrang.

1869 - Friedrich Miescher phit hién acid nucleic.

1900 - Hugo de Vries, Carl Corren, Erich von Tschermak tii phit hién qui
ludt di truyén Mendel,
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1902 - Walter Sutton, Theodor Boveri néu thuy€l ciau triic nhiém sic thé.

1910 - Thomas Hunt Morgan viv cong sw phdt hién vi 1ri sap xép clia cic gen
trén nhiém sic the.

1941 - George Beadel, E.L. Tatum néu gia thayét mot gen - mot enzym.

1944 - Oswald Avery, Colin McLeod, Maclyn McCarly xdc dinh gen ciu tao
tit DNA.

1953 - James Watson, Francis Crick va cong su phit minh mé hinh ¢iu tnic
x0in kép clit phin tir DNA,

1958 - Muthew Meselson, Franklin Stahl phit hién co ché tdi ban DNA theo
co ché ban hio thil

1961 - Sydney Brener, Francois Jacob, Mathew Meselson phdt hicn RNA
théng tin (MRNA)

[966 - Marshall Nirenberg, Gobind Khorana hoan thién bang ma di truyén.

1970 - Hamilton Smith phdt hién enzym giéi han (restriction enzyme).

1972 - Paul Berg thinh cong tao DNA 14i 16 hov in vitro.

1973 - Herb Boyer. Stanley Cohen lan diu tién sir dung plasmid téch dong
DNA.

1977 - Walter Gilbert va Frederick Sanger phit minh phwong phip gidi trinh
tr gen.

1977 - Frederick Sanger lin ddu tién gidi trinh o hodn chinh bo gen phage
X 174

1977 - Phillip S.]‘Iéll"p, Richard Roberts va cong sv phdt hién cic doun khong
mang ma di truyén trong gen goi 13 intron.

1990 - Jumes Watson va cong su thue hién dy dn bd gen ngudi.

19935 - Craig Venter, Hamilton Smith Lan diu tién giai trinh tw hoan chinh bo
gen vi Khuan Hemophilus inflinenzae va vi khuin Mycoplasmea genitalinm.

1996 - Lian dau tién bo gen cia sinh vt enkaryote duge giai trinh tr hoan

chinh L ndm men (Saccharomyces cerevisiae), cong trinh nhiéu tic gia.
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1997 - Fred Blattner, Tukashi Hounuchi va cong su giai trinh tw hoan chinh bd
gen vi khuan £, colr.

1997 - Tan Wilmut va ¢ong s thinh céng nhan ban vo tinh dong vat ¢6 vil
tao nén cint Doly.

1998 - Gidi trinh v bo gen giun teon (Cacnorhabditis elegans) 1a bd gen
dong vat duogc giai trinh tu ddu tién, cong trinh nhiéu tdc gia.

1999 - Cau tric cdc gen trén nhiém sic the 22 & ngudi duoe giai rinh 1,
cong trinh nhidu tdc gid.

2000 - Bo gen rudi gidm (Drosophila melanogates) duge giai trinh ty diu
lién. cong trinh nhiéu tdc gia.

2000 - Bo gen cay mil tat (Arabidopsis thaliana) 1a bd gen thuc vat diu tién
duoc giat trinh tie, cong trinh nhiéu tic gia.

2001- Craig Venter, Francis Colin va cong su bio cdo két qua gidi mi bo gen
nguoi.

2002 - Bo gen cdy lia, bo gen chudt nhit duge giai trinh ty.

1. ACID NUCLEIC LA VAT CHAT MANG THONG TIN DI TRUYEN

1. Thi nghiém Griftith

Nam 1928 Frederick Griffith tién hanh thi nghiem véi hai chiing vi khuan
gy bénh viem phoi (Stuphviococcus  prewmoniae), chung  Stupirvlococcis
pretmoniae 1€ bao ¢6 vo nhdy va ching € bio khong ¢6 vo nhiy. Chang t€ bao ¢
vo nhily c6 déc 6, khi phit trién trén méi trudng thach hinh think cic khuin luc uét,
bong (viét tit la chung S - Smooth), con chiing t€ bio khong ¢d vé nhily khong ¢é doc
t6, khi phit tri¢n trén moi trudng thach tao khudn lac khe, sit si (viét tit Ia chiung R -
Rough}.

Tién hanh thi nghiém: tiém ching R vio chudt —» chudt s6ng; tiém chiing S
viio chudt — chuét chét, dun néng dicl; chita 1€ bio chung S tiém vao chudt— chuot

song; dun ndng dich chia 1€ bao ching S trén véi dich chia 1€ bao chung R viio chudét
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— chuot chét, phan tich mdu cia chudt chét phdt hién trong mau nhiing con chuot bi
chét c6 ca té bao chung R va té bao ching S song.

TN 1. Tiém chung R TN 2. Tiém chung S

P % ‘

Tiém chung R + chung S dun néng Tiém ching S dun néng + ching R

v e
L e,

TN 5. Tiém chung S dun néng + ching R + enzym DNase

il

Hinh 1.1. So' d6 thi nghiém Griffith - Avery va cong su.

TN 3.

+ enzym protease

Két qua thi nghiém chiing to di c6 mot nhan 16 nao dé tir t€ bao ching S da
chét, dugc chuyén sang t& bao ching R song, lam cho cic t€ bao ching R bién thanh
chung S ¢6 mang nhdy, ¢6 doc t6 1am chuét chét, nhan t5 nay duoc goi la nhin t6
bién nap.

Nim 1944 Oswald Avery, Colin McLeod va Maclyn McCarty tién hanh lap
lai cdc thi nghiém cua Frederick Griffith, da chimg minh nhan t6 bién nap 1a DNA.
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Thue hign cic thi nghiém nhw Griffith d7 tién hanh nam 1928, déng thoi tién hanh
bo xung mét 6 thi nghiém sau:

- Thém vao dung dich ching S dd dun néng enzym Protease (enzym (huy
phén protein) sau do trén véi dich chiia t¢ bao ching R con séng va tiem vio chuot
thi nghig¢m, ket qui cde chudt duge tiém bj bénh vi chet.

- Thém viio dung dich chung S di dun néng cnzym DNase (enzym phan huy
DNA} sau dd trén véi dich chita t€ bao ching R con séng vi tiém vio chuot. chuot
van séng binh thuong.

Chugt dugce tiém vin song binh thudng do enzym DNase phin huy DNA cii
t& bao vi khuin ching S. bién nup khong xay ra. Didu ndy ching to vat chit di truyén
cua vi khuin Stapliviococens prewmoniae 1 DNA. Bién nap, lam cho mot doan
DNA mang gen hinh thinh vo nhdy tir 1€ bo dung S da chél, xam nhip vio 1¢ bao
dung R séng. Két qua tidi t6 hop DNA ciia t& bao ching S v6i & bao ching R, lam cho
t¢ bio chiing R ¢6 gen hinh thinh v6 nhiy, ¢é vé nhdy vi doc to gay bénh 1am cho
chudt bi chét.

Boun DNA ciia t€ bdo chung S da chét duge goi la nhan & bicn nap. Hién
twong bign nap o vi khudn Staphviococcus preumoniae trong cic thi nghiém wén goi
1a bién nap tr nhién. Bién nap tu nhién xay ra véi tin s6 rit thilp tuy thude diac diém

cla lodt va kich thude ciia doun DNA bién nap.
2. Thi nghi¢m Hershey- Chase

Nam 1952 Alfred Hershey vii Martha Chase ding déng vi phéng xa §© dinh
ddu vo protein cua phage T.ki sinh vi khuin E. coli, ding P* ddnh diu phan 16i DNA
caa mot loai phage T khdc. Sau khi gay nhiém timg loai phage T» di dinh diu dong
vi phong xa vao cic chung £ coli rigng biét, phin tich k&l qua cho thiay mét ching
E. coli chic6 S¥ bén ngoai t& bio, chimg 15 protein vé phage T, khong duoc dua vio
trong t& bio, khéng tham gia vio su sinh san cia phage T.. Mot ching £. coli khic co
P beén trong t€ blo, diél nay khing dinh DNA tham gia qud trinh 1di ban cha phage

T., hay DNA [a vit chit di truyén clia phage T,.,
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Pinh ddu S vo protein Dinh diu P* 16 DNA

8

*o

Trong (& bic E. coli khong cé §& Trong 1€ bao E. eoli ¢6 PF
g g 4

Hinh 1.2. So dé thi nghiém Hershey- Chase.

11l CAU TRUC CUA ACID NUCLEIC

1. Thanh phian cau tao

Acid nucleic gdm hai loai la deoxyribonucleic (DNA) vi ribonucleic (RNA}).
Khi thuy phan hoin toan acid nucleic. thu duoc ba thanh phin cau tao co bin 1 acid

phosphoric. dudng 5 carbon va bazo nito. Bazo nito thuge loai hop chit dj vong gém
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hai nhém: bazo purin gdom Adenin (A) va Guanin (G); bazo pyrimidin gém Cytosin
{C), Thymin (T) va Uracil (U}

OH OH Ol H
Ribose Deoxyribose

Hinlh1.3. Cau tao cua dwong riboza vi dudng deoxyriboza.
Bon vi ciu tao co ban cia phan t& DNA [a cdc nucleotid. Méi nucleotid ¢é

ba thanh phin chink li bazo nite (gém mdt trong bén lowi A, G, C. T). duong

deoxyrnbozu (CH,,0,) vi acid phosphoric (H,PO,).

I I B0

Purin Adenin Guanin
NH, 0 o
CH.
5 N/ﬁ HN/‘i H ’ a
6 J\ J\ J\
G N 0 N O N
H H H

Pyrimidin Cytosin Uracil Thymin

Hinh 1.4, Ciw trac cdic loai baro nito,
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Nucleotid ¢6 buzo nito loai ndo, mang tén ciin bazo nito d6. Ching han
nucleotid ¢é bazo Adenin, goi 1a deoxyadenidin triphosphat dATP, nucicotid c6 bazo
Guamin - deoxyguanidin triphosphat dGTP, nucleotid ¢é Cytosin - deoxycytosin
triphosphat dCTP, nucleotid ¢ Thymin - deoxythymidin triphosphat dTTP, cdc
nucleotid viét tat A A, G, C, T.

Hinh 1.5. Cau tao mot nucleotid { Adenin mouophosphat).

Phin wr RNA céiu tao co bin tir cic ribonucleotid, méi ribonucleatid ¢6 3
thanh phan chinh la bazo nite (mét trong 4 loai A, G, C, U), dutmg riboza (CsH,,O,)
vi acid phesphoric (H;PO,). Ribonucleotid ¢6 baza nito loai nio, mang 1&n cia bazo
nito d6. Céc ribonucleotid viét tat 1a rA, 1G, rC, rU.

2. Acid deoxyribonucleic (DNA)
2.1, Cdu tritc DNA

Nam 953 Watson va Crick bing cic nghién citu nhiéu xa tia X. ung dung
nguyén 1i Chargaff va xt 1y todn hoc cdc két qui thu dirge, da phét hién cau tric dién
hinh cua phan tir DNA (sau ndy goi la dang cdu wiic B). Phan tir DNA 1a mot chudi
xo0an kép gém hai mach don, mdi mach don 1a mot chuéi nucleotid {gom bon loai
nucleotid A, G, C, T) sip xé€p ké tiép nhau, lién l;é't voi nhau bing cidc lién két
photphoeste. Hai mach don néi véi nhau nhd cic cin néi hydro giita cdc buzo nito.

Cic cau néi hydro hinh thanh theo nguyeén 1i Chargaff (1950); Bazo Adenin lién két
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vGi baze Thymin bang 2 lién két hydro (A = T), bazo Guanin n6i véi bazo Cytosin
biang 3 lién két hydro (G = C). Méi mach don 13 mdt trinh v ¢6 dinh hudng, véi dau
1 5 la gée phosphat tu do v dau 3° 1a g6e hydroxyl tu do. Chiéu 5°—> 3" 12 chién ti
ban DNA, nghia la cdc nucleotide duge 1ip ghép & méi mach don méi theo chidu tir

55— 3.

N N
N H \n/ O
u? f\f': o H,C— OH
N N~k

HO — CH,
0
OH H A-T
*{4 H
N H  OH
H
WS
N N
H Y o
|
N RN
HO —CH, !
o H
OH H G-C

Hinh 1.6. Nguyén [i Chargaff A =T, G=C.

Theo Watson va Crick, phan tir DNA ¢6 cdu tric xoin kép. Cic nucleotid sip

x€p thang géc véi nhau va cich nhau 3.4 A, Maj vong xain c6 104 cap bazo nits o
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do dii 354 A (L A=10°nm, Imm = 10’ A). Cic nguyén t& dwomg  va ciic nhém

phosphat xoay ra ngodi, hinh thanh cdc lién két ky nude dim bao tinh én dinh cho

phin tr DNA. Dudmg kinh tryc xoiin cua phéan tr DNA 12 20 A.

Trong méi t& bao ca cic co the, mbi lodi sinh vat chita him luong DNA dic

inumg riéng, ham luong DNA trong t€ bio it Hién quan dén sy tién hod clla sinh vat.

Ciic lodi sinh vat bic cuo ¢ him lugng DNA trong mat t& bio 1én hon nhiéu lin so

vGi t& bao sinh vat bace thip. Mat khic, DNA trong méi t€ bilo ¢iia méi lodi sinh vat

dilc trung boi dang ciu triic, mifc d6 1ap DNA, thanh philn cic loai bazo nito...

Bang L.1. Ham hrong DNA cua mot o dai dién cic nhom, loai

Tén dai dién cic nhdém, loai sinh vit C'.]prbz;ch Chiéu dii DNA
Lop

| Virus SV40 (Sinfen virus ) 5226 (,7 pm
Thue khuin the ¢ X174 (Bacteriophagep X174) J386 [.8 Lm

“Thuc khuii (hé T (Bacteriophage T3] 205 10° 50.0 um

7']1{1‘{: Khudn thé 7 {Bacleriophage L) S0x10° 13,0 pm
Vi khuin Hemophillus inflienzae 1,83 x 10" 620 ].uﬁ ,
Vi khuin Excherichia coli 4,65 x 10" 1,6 mm
Vi khuéin Sabmonella typhimuritm 1,1 x 107 3.8 mm
Nim men (.S'm'rhm'r;m_w'e.\‘ Cerevisioe) 1,2 x 107 4,1 mm

| Rudi giam (Droxophile melanogates) 1.8 x 10° 6.0 cm

| Ech (Ranat pipiens) 2,3 x10" 7.7 m
Chudt nhat (Mus nuscndus) 22x10° 75 cm
Neudti {Human) 35x10° [,2 m
Neb (Zea mavs) 6,6 x 10 2,2 m
Hué tay (/ify) 3.0 x 10" 100,0 m
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Phan tir DNA céu tric xoin kép ¢6 s6 luong bazo A va T bing nhau, C va G
biing nhau. Ty lé A+T / G+C dic trung riéng cho méi loai sinh vat, biéu hién mic do
tién hod ca loai. Vi du, & ngudi ty 1é A+T / G+C = 1,52; ciru = 1,36; vi khuan E.
coli=093 valiami =1,19...

5]

e -y 0,34nm
= v (314‘&)

3,4nm

(344A)

Ranhl6n —m——

Ranh nho 5

2nm
(20A)

Hinh 1.7. Cau tric phéan tod DNA theo mé hinh Watson — Crick.

Ty 1¢ phan tram G + C khéc nhau & cdc loai sinh vat, khdc nhau giita cic
giong, cdc thit trong cing mot lo2i. Phan tir DNA céty 1é¢ G, C cang cao, s6 lugng
G, C sap xép lién ké nhau tao chudi cic nucleotid lién tuc cang dai, thi nhiét do bién

tinh (Tm) cua DNA cang cao, nghia la dé bén viing véi nhiét do cang cao, hoic
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nguge lai. Trong diéu kién binh thudng, ham lugng G - C trong phin tir DNA ting
| nhiét do bien tinh (Tm) cita phin tr DNA tang 0,4 °C. Nhiét do bién tinh cua
phin tu: DNA dic trung riéng cho timg lodi , sinh vat. C6 mike dé tién hoi cing cao

thi kha ning ben nhiét ciia DNA cang gidm, Tm giam.

2.2. Cac loai DNA

.

Phan tir DNA ¢6 nhicu dang ciu tric khice nhau, ngiy nay da phit hién duoic

cic dang DNA: A, B vd Z ¢6 cdu tric xoén kép. Cic dang cau triic xodn kép

rhin
0
’H
0—é=o H“C\
0 HNOQY/L;jH H  OH
T H S
O-F=0 SN R
IO 4H RN H/ \n/ o -0
O-p=0  HC & 0 HL=N
! NN H o—g—o

0—CH N gty
! .0 ~H H O
O H LA WH
Y
N NN
0 M ~s-HT 0 °
0., 1 0 H,C~0
A N ;(L/‘ \ -
0% ™5, Ny oy 0=R=0
) y H O
H7 Ry 4@
o
N.__N
. o
Lo ut ol I L0
o= ~o N Nﬁé\N’H-. 0—R=0
HCHZO | O
K Pl O—P=0
OH H 7
0—P=0
o

Hinh 1.8. So d6 lien két hydro gitia hai mach don cfia phan 1 DNA.

hi¢t nhau boi chicu xodn (xoidn phii hoic xodn trdi), s6 cip base trong moi vong

xoin, khoing cdch gita mdi cip base hoic dudng kinh ciia phan tr DNA. Phan ti
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DNA ciu tric dang B (ciu tric dién hinh theo mé hinh Watson vi Crick) xodn phii,
mdi vong xoin ¢6 10,4 cap base nito, dudng «inh vong xoin 2,0 nm. Ciu tric phin
W DNA dang A xoin phdi, méi vong xoiin ¢6 11 cap buse nito, dutng kinh vong

xodn 2,6 nm. Phan tr DNA dang Z xodin trdi, goi 3 dung xoiin zigzag, méi von

g
xoan ¢6 12 cip baza nito, dudng kinh vong xodn 1,8 nm.. . Mot sé loai virus ¢6 DNA
mot mach don.

Ham luong DNA trong méi (¢ b[\l‘O, dic diém ciu tric DNA dic trung riéng
cho méi lodi ctia sinh vat, him lugng DNA it lién quan dén miic dé tién hod clu lodi.
Mot s6 lodi sinh vat ¢ ham lueng DNA rit 16n, nhung theo vi tri phan loa Yai €6 mie
tién hod thiip, nhur éch nhdi ¢6 him lugng DNA trong t& h;‘ula lém hon so t& bdo ngudi.

Diém khic biét DNA cia sinh vit prokaryote voi sinh vt enkaryote i toan
bo DNA cua prokaryore mang thong tin mi hoi protein, chi mét phan DNA cua sinh
vat cukaryote md hoil protein. Sinh vat enkaryote ¢6 phin DNA mang théng tin di
truyén mé hod protein chi¢m 7%- 30% khic nhau twy tung lodi, goi 1 ¢ic exon, trinh

. DNA khong mung thong tin di truyén goi I3 intron.
3. Acid ribonucleic {RNA)

Phaur tr RNA ¢6 cdu tnic mot mach don, gém bén loai ribonucleotid (rA, rG,
rC vl rU) sdp x€p ke tiép nhau, lién két vét nhau biing cdc lien két phosphodieste.

C6 ba loui RNA: RNA thong tin - mRNA (messenger RNA), RNA vin
chuyén - (RNA (transfer RNA) vi RNA riboxom (ribosonal RNA- rRNA).

3.1. Cau tritc RNA thong tin (nRNA)

Phan tt RNA thong tin (mRNA) ¢6 cau triic mot mach don, [a ban sao tinh
tur ciii tric cta gen, chigm 2-5% téng hiong RNA. Déu S tdn cung cia mRNA ¢6
mét phin tr 7- metylguanidin triphosphat (m’G), két thic bing chudi polyA. Kich
thude soi polyribonucleotid chita 900-1200 ribonucleotid, khéi lomg trung binh 1l
3.10° dén 4.1¢° Dalton, hé s68 ling 6S - 258 (S - don vi do dé lang Svedberg). Ciic
phan or mRNA duge 16ng hop tit cic gen trong nhin € blo, mot s6 it mRNA duge

tong hap ti cde gen trong ty thé hodc lap the.
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3.2. Cdu tritc RNA vdn chuyén (tRNA)

Ham luong RNA van chuyén (tRNA) trong 1¢ bio chiém khoing 10-15%
lwong RNA clia t&¢ bio. Phan tir tRNA |3 mot mach polyribonucleotid ngin. chia
khoang 75 - 90 ribonucleotid, khai luong phan tir 23000 -30000 Dalton, hé s6 lang
45.

Ciu tric t(RNA g6ém 1 mach polyribonucleotid cudn xoiin dang hinh 14 ché
ba ¢6 mét vai doan xoin kép, & ahiing doan xodn kép céc ribonucleotid sip x&p theo
qui luit Chargaff tao thanh 3 - 4 nharh. Nhdnh tiép nhan acid amin tin cing bing
diu 3°, két thiic bing nhém CCA. Nhinh d6i md mang bé 3 d&i ma phil hop véi ba bu
mil trén mRNA trong qua trinh dich mil. Ngoai ra ¢d thé cd mot hoiic 2 nhiinh phy
tuy theo loai tRNA, cdc nhdnh phu ¢6 thé ¢ chiic ning 6n dinh ciiu tric tRNA. Cic
phin tir tRNA  thie hién chite ning van chuyén céc acid amin tham gia téng hop
protein. Mdi loat tIRNA vin chuyén mot loai acid amin, cé khoing 20 loai tRNA

khic nhau vin chuyén cdc loai axit amin trong qua trinh djich ma.

A OH 3 Biu mang axit amin
¥ (:'
0] Lién két hydro
: Thuy bén
e _J/
T
R S NP
‘ ™y Thuy doi mia

q Bo ba déi mi

Hinh 1.9. So dé ciu tric t(RNA.
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3.3. Cdu tritc RNA riboxom (rRNA)

RNA riboxom (fRNA) chiém khoang 80% téng lugng RNA trong t&€ blo.
Cau tric dang mach don polyribonucleotid, ¢é nhiéu khiic cudn, chia khoang 100 -
[500 nucleotid . ciic rRNA két hop véi protein tao thinh cdc riboxom. Riboxom c6
cdu tgo gdém tiéu phiin nho va tiéu phin 16n, cau tao tir protein vh nhiéu rRNA. Trong
yud trich dich mi hai ti€u phin cia riboxom két hop véi nhau thimh riboxom, khi két
thiic dich mi céc tiéu phin téch rdi nhau va t6n tai riéng r&. Trong cdc t& bio sinh vat
enkaryote ¢6 cic riboxom ¢ hé s6 ling 80S, phan tir lugng khoang 4,2.10. Tiéu phén
nhé 408 duge cdu tao tir | phan tit rRNA 18S vii 35 phin tit protein, tiéu phin Ién
60S ciiu o tir 50 phin twr protein vit 3 phan it rRNA: 288, 58 vii 5,85, Té bao sinh vit
prokaryote ¢6 cic riboxom 708 gém ti€u phin lén 508 ciu tzo tit 31 phan 11 protein,
2 phan tir rRNA 238 va 58; Tiéu phin nhd 30S ciu tao tir phan tr rRNA 168 va 21

phin tir protein.

Trong 1€ bao clta sinh viit erkaryote cé mot s6 RNA nho, kich thude khoing
90-300 nucleotide goi 14 smull RNA, cic phan td small RNA khong tham gia téng
hop protein, c¢hil yéu tham gia cic ciu tao cic nhan & ¢it ndi goi L\ phitc hop
spliccosom. Spliccosom ¢6 vai (rd quan trong trong qud trinh cit 16l cdc exon vit
intron trong qud trinh hoin thién cic mRNA sau phién ma trong nhan € blo. Mot s6
té bao cé loai RNA diic higu ¢6 chiic ning giong cic enzym, tham gia cic phan tng
x0c tdc vd 1w cdt néi (self-splicing) cdc phan tir RNA goi 1a ribozym. Ribozym la
nhiing phan tir RNA ahé khoing 40 dén 50 ribonucleotid ¢6 trinh tu dic hiéu, it cdc
phin tr RNA khiic ¢ nhitng vi tri nhat dinh, thudng ciit tai Ckhi gap cic trinh tr GUG
rén phin tr RNA. (Ribozym duge phit hién nim 1983 do Thomas Cech, Pai hoc

Colorado vi Sid Alman, Dai hoc Yale, ribozym duoge thuong mai hod tir 1989).
IV. TINH CHAT BIEN TINH VA HOI TINH CUA DNA

Phan 1 DNA bi bién tinh {denaturation) khi nhiét do tang, hoic tic dong cta

cdc tic nhin hod hoe (dung dich kiém, urea...). Nhiét do lam cho hai mach don ctia
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DNA tich nhau ra, goi 1 unhigt do bién tinh Tm (melting temperature). Tm phu thude
vio 6 Twoug ¢ip G - C va v uf sap xé€p cha cidc nucleotid trong phin tiy DNA. Phan
tir DNA s6 lugng cip G - C cao, ¢6 Tm cao vit nguge lai. Trong phin tr DNA cic ciip
G - Chodc A-T xép lién nhau ciing dii, nhigt d6 bién tinh (Tm) cang cao. Ham luong
G - C trong phan tit DNA gidm 1%, nhiét do bién tinh Tm giim 0.4 °C. Trong diéu
kién thich hop, Tm coa DNA cila sinh vit bie cao khodng 85 - 95 °C.

Tm dugc tinh theo cong thiie Wallace (1989)

Tm=2"C x (A+T)+4°C x (G +O) véi cic doan DNA ngiin < 25 bp.

Ciée phan 1t DNA > 25 bp Tm dugc tinh theo cong thilc Meinkoth- Wahl
(1989): Tm =81,5"C + 16,6 (log Na") + 0,41 (% G+C) - (300/n) - 0,61 %FA

(FA- Formaldehyt)

DNA c6 kha ning héi tinh (renaturation). Khi nhiét dé giam ddn dén mér
mic nhit dinh, hai mach don da tich roi nhau lién ket lai véi nhau theo nguyeén 1y
Chargaff tao nén chudi xoin kép. Néu nhiét do ha dot ngét, su héi tinh khong xdy ra,
phau tr DNA & dang cudn vé dinh hinh, hodic 16i loan ¢iu tric do cic mich don bi
diit & mot di¢m nao dé. Mot s6 tic nhan hod hoc gdy bién tinh vinh vién phan tu
DNA, bi bién tinh do mét s6 foai hoa chit phan tir DNA khéng c6 kha niing hoi tinh
tr¢ lai ¢du trac xodn kép ban diu. '

Bic diém bién tinh v héi tinh clia DNA duge (ng dung téng hop nhin tao
DNA, nhin gen va trong cong nghé DNA tii 18 hop. Phan td DNA khoéng bi bi¢n tinh
(dang xoiin kép) hap phu dnh sang it hon DNA bién tinh (dang mach don), nén ¢é thé
su dung quang phé k& (UV- spectrophotometer) dé theo dai qué trinh bién tinh vi héi
tinh cua DNA. Dita vio chi s6 hap phu quang phé tit ngoai, ¢ thé xic dinh ham

ligng DNA t6ng 6.

V. XU HUONG TIEN HOA PHAN TU CUA VAT CHAT DI TRUYEN

Nhiéu nghién citu vé xu huéng tiéh hod clia DNA cho thay tién hod phin ur

DNA biéu hién & nam dic diém:
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- Tang ham tuong DNA trong t€ bao: tir vi khudn dén dong vit ¢é vi ham
lrong DNA trong | € biio 1ang 10 lin. Him luong DNA trong 1 t& bao ting o6 thé
do ting cdc trinh tr DNA 1ap lai, phin 16n cic doan DNA lip lai lién quan vdi chiic
nang di¢u khién & miic trén 1€ bdo & cdc sinh vt ¢6 mic tieén hod cao. Ham luong
DNA giit chic niing niy ¢ thé chiém tét 90-95% ham lugng DNA trong bo gen
(Ashmarin 1977). Bé gen cua sinh vit bic cao 6 nhiing phan DNA khong ma hod
protein, khéng mang chic ning diéu khién, chic nang chua ré nhu phan DNA xung
quanh tim déng.

- Tang ty 1¢ A+T/ G+C: & sinh viit don gidn 1y 1& nity ¢6 gid tri nhé, sinh vAl
cang tién hod gid tri cua ty 1¢ nay cang [on. Vi dy, vi khudn gram am 0,48 - 0.82. & vi
khuén gram duong 0,72 dén 0,92; & thuc vat bic cao 1,23 dén 1,86 (Kalinin 1976).
Nhu vy, hudng ti€n hod cta su bién d6i DNA Ia chuyén din tir dang giiw G - C sung
dang DNA giau A - T. Ty i¢ A- T ngly ciing ting trong qud trinh tién hod ci DNA
do c¢iic doan DNA lap lai rit giau A — T, cdc DNA vé tinh (DNA satellitc) ¢6 ham

lhromg A- T rédt cao. Nhiéu nghién ciu cho ring DNA gidu A - T dé bién tinh, dé& dan

g
lién ket trong cdc nucleosom, ting kha ning déng géi cia DNA trong 1€ bio.

- Giam tinh bén nhiét ciia DNA: cdc sinh vit bic cao DNA ¢6 tinh bén nhiét
kém hon so véi sinh vat bac thap. Vidu, DNA ciia vi khuin E. colf ¢6 nhiét d6 bién
tinh Tra = 88 °C, DNA ciia t€ bao gan bd Tm = 84 °C. Tinh bén nhiét giam lién quan
t6i ty 1¢ G - C trong phan tir DNA gidm, hodc do su phin bé xen k& gilta cdc loaj
nucleotid. Trong phin tir DNA khi thanh phin G - C gidm 2,5 % nhiét do bién tinh
(Tm) giam 1 'C,

- Ting d6 dai cua cde nucleotid loai A v T sip x&p k€ tiép nhau. Chi s& B
bieu thi d& tap hop cia cdc nucleotid T v A trong phén tir DNA tang rd rét trong qud
trinh tién hod. Ching han & dong vat khong xwong B = 4,39; bd sdt B = 5,38; deng vat
co vil [3 = 6,07.

- Tang diin ty 1¢ protein histon trong ciu tric DNA: & sinh Vat prokaryote
trong ciiu triic DNA khong ¢é histon, sinh vat eukaryote ¢ DNA két hap véi histon

tao thanh cdc nhiém sac thé [am tang mic do dong xofin ciia DNA, tang ham luong
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DNA trong t¢ biio. Nhém sinh vit trung gian gilta prokaryore va enkarvote nhu dong
vt nguyén sinh, tdao luc, nam thanh phan histon tham gia ¢iiu tuo nucleosome chua

day da.
VI. VAT CHAT DI TRUYEN CUA MOT SO NHOM SINH VAT

1. Vat chat di truyén caa virus

Virus Ia dang séng don gidn chua ¢6 cilu tao t€ bdo, virus sdng ki sinh vi
khudin got 1a thuc khudn thé (bacteriophage) viét tit 1a phage. Virus va phage ¢6 ciu
tao cof bian gom hai phin, phin vo ngodi ciu tao tit cic protein, phin 18i ¢é ciu tao tir
céc acid nucleie. Pa $6 virus ¢ phin 18i 1a DNA hai mach xoéin kép nhe phage T,
phage 2, virus cim , virus soi, virus diu , SV 40... Mot s6 virus ¢6 DNA mot soi nhu
phage ¢ X174, M ;...

Nhi¢u virus ¢é phin 16i RNA, nhu virus dom thude li (MTV), virus HIV,
virus MS,, ciic Paramyxovirus... Virus M8, dang hinh ciu v6 protein, 161 RNA chim
ba gen mi hod ba loai protein: protein A la protein gay dinh bim va lam tan vi khuin,

protein mii - tgo vo virus, protein tii bin - two enzym tii bin cla virus.
2. Vat chat di truyén cvua sinh vat prokaryote

Nhém sinh vit prokaryore bao gém vi khuan, ndm bic thip vi mot s6 tio
don bao. Té bio ciu tao don gidn, chua ¢6 mang nhin phin biét nhan v6i t& bio chat,
chiit nhan p trung o gin gilfa 1¢ biw goi L viing nhin (nhin so). Vat chat di truyén &
prokarvote gdbm DNA nhan, DNA cia plasmid v DNA cua cide bao quan nhur ty thé,
lap thé...

DNA cua nhan ¢é ¢du tnic hai mach xoin kép. Trong t¢ bio vi khudn ¢6 cic
plasmid, plasimid it DNA kép dang vong kin, kich thude tir [kb - hang tram kb { 1kb
= 1000 cap basc). Plasmid phdt trién doc lap véi nhiém sie thé cta vi khudn, ¢é kha
nang tr tdi ban khong phu thude vao sy tdi ban clia DNA cita nhan. Plasmid chifa céc
gen khdng chit khdng sinh, vd mot s gen dijc trung cho timg loai vi khudn. Mét 6 vi

khuin c6 cdc plasmid dinh lién véi nhiém sic thé cua vi khudn goi 13 epison.
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Trong lap thé cta vi khuén tu dudng c6 mét luong nhé DNA. Phan tir DNA

hai mach xodn kép, mang mot s6 gen dic trung riéng cho méi loai vi khudn.

! _ - 8 phin ur
E . bt bl P histone histon
&
1 10 nm
: &£
|
DNA
H1 histon
P g O
Nucleosorn

Hinh 1.10. Ciu tric nucleosom va soi nhiém sic.
3. Vat chat di truyén cua sinh vat eukaryote

Té bao cua sinh vat nhan chudn (eukaryote) cé6 mang nhan .ngin cdch nhan
VGi t€ bao chit. Trong nhén t€ bao phan tir DNA két hgp véi cic protein kiém (histon)
tao thanh cdc soi nhiém sic.

Trong t& bao eukaryote vit chit di truyén nim chu yéu trong nhan té bao (goi
la hé gen nhén). Ngoai ra ¢6 mot phan nhoé DNA nam trong cédc bao quan nhu ty thé,
lap thé, plasmid va cdc co quan tir khic (goi 1a hé gen ngoai nhan).

Phén tir DNA cuén quanh 8 phan tir histon tao thanh hat nucleosom, dudng
kinh khoang I'1nm (110 A). Tham gia ciu tao mdi nucleosom c6 bon loai histon gém
2 phan tr H,A, 2 phan tir H,B, 2 phin tir Hy, 2 phan tr H,. Giita cdc nucleosom néi
v6i nhau nhd | phan tir histon H, va mét doan DNA dai khoing 15 - 100 cip

nucleotid tao thanh chubi polynucleosom, goi 1a soi co ban ¢ dudng kinh 11 nm.
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1400 nm

11nm 2nm

Hinh 1.11. So dé cdu tric nhiém sic thé cua sinh vat bac cao.

Soi co ban cuén xodn tao thanh soi c¢6 dudng kinh 30 nm (12 soi nhiém séc),
soi nhiém sac cuén xodn kiéu zigzag tao thanh cdc céu tric tién chromatid ¢ dudng
kinh 300 nm, céu tric tién chromatid ti€p tuc xodn thank cdc chromatid duong kinh
700 nm. ¢ ky gita ctia chu ky phan bao, méi nhiém sic thé gom 2 chromatid ¢6

duong kinh khoang 1400 nm - 1500 nm.



Chuong 2
CAU TRUC, HOAT DONG VA BIEU HIEN GEN

I. CAU TRUC GEN

Gen la mét doan phén tr DNA, RNA, mang thong tin di truyén xdc dinh ciu
tric cua mét chudi polypeptid hodc mét phan tict RNA nhit dinh. Mét gen ciu tric
dién hinh gdm ba viing chinh: ving diéu khién, viing mang ma di truyén vl viing két
thiic. Ving diéu khi€n c6 mot s6 trinh tr ditc hiéu diéu khién hoat dong gen. Vang
mang mé chifa cdc théng tin di truyén, duge phién ma sang RNA théng tin (nRNA),
gen cdu tric ¢6 thé duge dich mé tao cdc san phim [3 protein. Viing két thiic mang
cdc winh fy phin bi¢t gifta cic gen, va céc trinh tu két thic qué trinh phién mi. Cau
tric gen con bao gdm mét s6 cdu tric déc thit nim & phia trude, phia sau hojc trong
gen nhu cic trinh tr diéu hod, viing ting cddmg (enhance), viing bat hoat (silencer),

viing dém (spacer)...
1. Viing diéu khién ciia gen

Vimg diéu khién ndm & ddu 5° clia gen thudng gém promoter (P}, operator
(O), va mot vai trinh tir nucleotid dac hig¢u. Promoter 1a trinh tw nhan biét vi gin cta
enzym RNA polymerase trong qud trinh phién md (promoter cdn goi la trinh tw khéi
dong). Operator (O) con goi 1a trinh tu chi huy, 12 trinh ty ma hod cdc phan tr protein
hoic enzym kiém soit hoat déng cha gen ¢ tric, xiic tic hoat déng phién mi hoiic
khong phién ma cita gen cau triic. Trinh ty diéu hod 14 trinh tr nucleotid ma hod cic
protein hay enzym hoat hod hoic ttc ché hoat dong clia gen.

Qui wée vi tri nucleotid dau tién duge phién mid sang mRNA 1a +1. cic
‘nucleotid viing mang théng tin di truyén mang d4u duong (+), cdc nucleotid ving

diéu khién mang dau am (-).



34 CAU TRUC, HOAT PONG VA BIEU HIEN GEN

Vung diéu khién Vung mang thong tin di truyén
A
-
L5 P |
Trinh tu diéu hoa Viung két thiic

Hinh 2.1. So d6 cau tric cic ving gen.

Promoter (P) gébm céc trinh tu dic hiéu cho cdc enzym RNA polymerase
nhan biét, cho phép khai diu ding cta su phién ma téng hop RNA théong tin
(mRNA). Frecmoter cua prokaryote thuong c6 mot doan l;ﬁ.p khoang 4 -6 cap T - A,
goi la hop TA - TA (TA - TA box), sau TA - TA box khoang 5 - 7 cap bazo nito la
diém bit ddu phién ma t6ng hop mRNA (vi tri +1). Vi du, cdu tric promoter ciia

virus SV 40 (simian virus) gay khoi u & dong vit ¢6 vii:

+1
TTATTGCAGCTATATATATAGGTTAC AAATAAGCAA
1) |----6 nu----1 T

TA - TA box

Hinh 2.2. Ciu triic promoter ctia virus SV 40.

Vi tri promoter, operator va trinh tu diéu hoa cia cic gen cdu tric &
prokaryote va eukaryote nam & nhiing vi tri khdc nhau clia gen. Promoter cua
prokaryote nam & khoang nucleotid - 35 dén - 10 goi la tam promoter (core
promoter). Vi khudn E. coli tam promoter dic trung bang trinh tu TATAAT & vi trf -
10, trinh tu TTGACAT nam & vi tri -35.
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Phién ma
.35 -10 l+l i
5" —TTGACAT TATAAT { 81
33— AACTGTA ATATTA 5’
—_
TATA box

Hinh 2.3. So d6 céu triic promoter ctia vi khuin E. coli.

Céc gen c6 promoter manh thudng c¢6 mét doan trinh tw dac hiéu & phia trén
trinh tu -35 vé phia ddu 5’ goi la “upstream element - UP”, doan trinh tu dic hiéu nay
giip cho cdc enzym RNA polymerase nhin dang va hoat dong c6 hiéu qua. Tam

promoter va trinh tv UP duoc goi la promoter m& rong.

UP element Tam promoter

A A

60 40 35 -10 Phién ma
L] > ?
? - I i T - 2. O ’
Promoter ma rong +1
_6_0"’"": -50 -40 -30 -20 -10 +1

CATTA...... .. CCTTGTCAGGCCGGAATAACTCCCT ATAATGCGCCAC&A"C
Hinh 2.4. So d6 cdu tric promoter rrnB P, cta vi khudn E. coli.
Eukaryote ¢6 nhém promoter tuong ting véi ba loai enzym RNA polymerase

I, IT va TII. Promoter nhém I 1a vi tri bim cho enzym RNA polymerase I, promoter

nhom II'la vi tri bdm cho enzym RNA polymerase II va promoter nhém III 1a vi tri
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bam cho enzym RNA polymerase TI1. Promoter nhém II bao gdm promoter clis cic
gen hoat hoi cho s phien md mRNA vd mdt s6 loai small RNA U, U,, U, ...Cau
tnic promoter nhém Il gém bén thianh phin: thm promoter, trinh tu UP, trinh tv khéi
daw Inr, trinh tu DE. Tam promoter (core promoter) gém cic trinh tr TATA box & vi
tri nucleotid -25. Trinh tu “upstream element - UP ” & vij tri trutde TATA box
khoidng 25 bp.

rrry A2 AAATGCTTGACTCTGTAG e «CAGGAAGGCGTATTATGS »ACACCLEGLGLEGE
PR TGOGTATTGACTATTTTA-CCTCTROCAGTGATAATGG  « TTGCATOTACTAA
MPL o GCGETGTTGACATARATACCACTRACOATGATACTGA « SCACATCAGCAGS
T7 A3 AAACGGTTGACAACATGA+AGTAAACACOGTACGATGT ACCACATGAAACGA
T? A1 AGAGTATTGACTTAKAGT +CTAACCTATAGGATACTTACAGCCATCGAGAGD
T7 A2 CAGGTATTGACAACATGAAGTAACATGCAGTAAGATAC ARATCOLTAGGTAA
AW TCTCCGTTGTACTTTIGCT T o TCGCELTTAATATAATCG (L TRGBAETCAAAGA

% i e
—— "
Gen TATA box

Hinh 2.5. Trinh tuw mot $6 promoter manh cla prokaryote.

Trinh tv UP c6 nhiéu cap G - C{goi 12 G - C box) vi trinh tr CCAAT (gbi
la CAT box) la vi tri ti€p xtc ddu tién cia RNA polymerase. Trinh tu “downstream
element 7 0 vi tri khoing 27- 34 bp san TATA box. Trinh tr khoi ddu “initiator- Inc”
ndm gitta TATA box vi Downstream element - DE. Mot s§ gen ¢6 vi trf TATA box

thay déi, nhi€u gen & Succharomyces cerevisiae vi tri TATA box niim tir -50 dén -70.

Phién m3a
UP clement -25 Inr ;
5,—-—[: E — [ [ 1 3
CATbox  TATA box #1 Down element

Hinh 2.6. So d6 cdu tao promoter nhém Il ciia enkaryote.
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Promoter nhém I 1a promoter ctia cic gen hoat hod cho su phién mi rRNA
18S, 28S va 5,8S. Theo Robert Tjian va cong su promoter nhém I gém promoter clia
cac gen hoat hod cho sy phién ma mRNA ¢6 2 trinh tur ddc trung: tim promoter (core
promoter) nam & vi tri -40 dén +20 va trinh tw kiém tra trén “upstream control

element - UCE "nam & vi tri -156 dén- 107.

Phién ma

UCE Core promoter

Hinh 2.7. So do cdu tao promoter nhém I ciia eukaryote.

Promoter nhém III 1a promoter cua cic gen hoat hod cho su phién mi céc
tRNA, rRNA 58 va mot so it small RNA nhu Us, U...Promoter nhém III ¢6 hai trinh
tu dac trung 1a Box A va Box C (hoac Box B), trinh tu déc trung ctia cdc promoter

nhom III dang duoc tiép tuc nghién ctu.

58 rRNA 52 I ] 1]
Box A

tRNA, Small RNA 5 I |
Box A Box B

Hinh 2.8. So d6 céu tao promoter nhém IIl ctia ewkaryote.
2. Vung mang ma di truyén

Toan bo viing mang ma cia sinh vat prokaryote déu mang thong tin di truyén

(coding sequence). Ving mang ma di truyén gébm nhiéu cistron, méi cistron ma hod
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mot chudi polypeptid, cic cistron sdp xép thanh timg nhém, chung mot viing diéu
khién tao thanh mét operon. Céc cistron trong operon ¢é quan hé chit ché véi nhau,
cung chung kiéu trao d6i chat gitp cho vi khuén thich ing nhanh véi diéu kién moi
trudng thay déi. Operon Lac cta vi khudn E. coli gém ba gen, operon Tryptophan

gbébm nam gen ...

OPERON
Ving diéu khién Vung mang thong tin di truyén Ving két thiic

< >€ D<—>
A VONONON'C N SN S O NN\

—_—
cistron| cistron2  cistron3
Phién ma
mRNA
Protein, Protein,

Hinh 2.9. Cau tric ving mang ma cua prokaryote

Vung mang ma di truyén cla sinh vat prokaryote c6 céu tric cic operon.
Trong operon, mot ving diéu khién hoat hod va khéi dong phién ma cho tit ca céc
gen cdu tric (cistron), tao mét phan tir mRNA chung cho céc cistron. Tuy giai doan
sinh trudng cua t€ bao, c6 mot s6 cistron duge dich mi hoic tit ca cdc cistron déu
duoc dich ma tong hop nén cdc chudi polypeptid.

Vung mang ma di truyén ctia sinh vat eukaryote ¢6 cdu triic phic tap, gom

cdc gen cfu tric riéng. Moi gen ciu triic mang thong tin di truyén ma hod mot chudi
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polypeptid. Giita cic gen céu tric ¢6 ciac doan DNA khong mang md, cic doan DNA
di nhiém sic, cic gen dém. Phan 16n gen cdu tric bao gébm cic exon xen ké véi cic
intron. Exon la nhitng doan mang ma di truyén duge dich ma (coding sequences),
intron la cic doan khong mang ma di truyén (no coding sequences).

Cic doan DNA khong mang théng tin di truyén (intron) cua sinh vat
ettkaryote duge Philip Sharp, Richard Roberts va cong su phat hién nam 1977. Gen
clu tric cua sinh vat ewkaryote gdm exon va intron xen k& nhau, goi l1a gen phan

doan (split gene) hay gen kham (mosaic gene).

OPERON Lac

Lac | P. P o - LacZ |(LacY | LacA

!

Gen diéu hoa

Hinh 2.10. So dé operon Lac ctia vi khuén E. coli.

Cic exon va intron déu duoc phién ma tao thanh phan tir tién mRNA (pre
mRNA), phan tir tién mRNA phai qua mét qud trinh cit n6i (processing) loai bo cic
intron tro thanh mRNA truédng thanh trong nhan té€ bao, sau d6 chui qua mang nhén

ra té€ bao cht, tham gia qua trinh dich ma dich ma téng hop protein.

Y

< 77.000 bp

L |A |1|B|2|C|3|D|4 E |5 F |6 G |7

Intron Exon

Hinh 2. 1. So d6 cu tric gen ovalbumin ldng tring tring ga.
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Khi nghién ciu cdu tric gen mi hod ovalbumin trong long tring triing gi,
c¢dc nha khoa hoc thuge Pai hoc Tong hop Strasbourg Phip (1977) da phat hién gen
ovalbumin chita DNA khong déng nhat nhu cic gen clia prokaryote. Gen ovalbumin
& dang 1hé kham gen, gém 77. 000 cap base (bp), cé B exon (L, 1, 2, 3, 4, 5, 6, 7) xen
k& 7 intron (A, B, C, D, E, F, G). Kich thuéc cic intron ¢é thé tir vii chuc cap bazo
nito dén hing nghin cip bazo nito, khdc nhau tuy timg gen, tuy ledi sinh vat. Vi du,
téng chiéu dai cic intron cha gen ovalbumin & ga chi€ém 75% chiéu dai gen. O
etikaryote phan DNA khong mang mi chiém khéi luong rit 16n, ¢6 thé chigm 60 % -
70% tong luong DNA ciia € bio. Két qua gidi trinh tr bd gen ngudth cho thiy trong
moi té bao ngudi c6 khoing 20% DNA bd gen mi hod protein. Vai trd cua cic intron
cho dén nay chua duge biét ddy di, ngudi ta cho riing o6 vai trd quan trong trong si
bigu hi¢n théng tin di truyén & enkaryote. Intron con ¢6 vat tro trong su tién hod clia
t& bio v mo, déng thai cé chic nang giip su dn dinh cla ciu trie gen va ciu tric
nhiém sic thé. Gilta cic gen ciu triic ¢6 cic doan chen DNA com goi 1 cdc gen dém
(spacer). Gen dém Ia cic doan DNA ngiin khong mang ma théng tin di truyén, ngan
cich giga cdc gen. Khic v6i prokaryote, cdc gen ciu tric & eitkaryote khong duoc
phién mi ciing mét {ic. Tuy theo giai doan phat trién, yéu cau va hoat dong clia 1&
bio, mot hodc mot 56 gen duge phién mi téng hop mRNA.

Mot 0 it gen cdu riic clia ewkaryote khong ¢6 s xen ké exon va intron, chi
g6m cic exon gidng nhu & prokaryote. Vi du, gen mi hod protein zein 0 ngd (mot

protein du trit trong hat ngd), gen giy soc nﬁiét G rudi gidm...
3. Vung két thic coa gen (terminator)

Viing két thic (viing 37y clia cidc gen ¢6 cic trinh tu dic trung riéng. Ving 3’
bao gém cic trinh ty cho phép enzym RNA p()lylnerase nhdn biét dau hiéu ngimg
phien md, va cdc trinh tu ket thic mot gen dé phan biet gen ndy voi gen khdc. Mot
s6 nghién ciru cho thay viing 3’ con ¢é céc trinh 1y dac hiéu chi phéi sir tén tai cla
gen, nhiém sic thé, ciing nhut su Jio hod cia t€ bao, cic trinh tur két thiie dén nay con

hiéu biét ctura diy d.
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Ving mang ma di truyén
g g A__)’

L

o TP
Promoter DPoan tin h1¢u¢ Exon Tin hiéu gan PolyA
5 VAN N

A
Il B -ﬁll-llll\l\llll

Diém khai diu dich ma
CAT box TATA box Intron Tin hiéu Stop

Hinh 2.12. So'd6 cdu tric tong quat mot gen clia eukaryote.

IL. TAI BAN GEN (REPLICATION DNA)

Hoat dong ctia gen dugc trinh bay theo so dé sau:

¥\

Téi ban Phién ma nguoc  Tu sao RNA
Gen(DNA)  *<————= mRNA . Protein
(Replication) Phién ma Dich ma
(Transcription) (Translation)

T4i bdn gen c6 y nghia quan trong ddm béo tinh dic trung 6n dinh clia mbi
loai va su truyén dat thong tin di truyén qua cic thé hé. T4i ban gen va cic qua trinh
phién ma va dich ma la co ché duy tri tinh 8n dinh, dac trung riéng cia méi loai. Tuy
theo dac diém cdu tric dic trung bo gen ciia sinh vat, méi nhém sinh vit dién hinh ¢6

nhiing ki€u tdi ban gen khac nhau.
1. Tai ban DNA kiéu Okazaki

Nam 1969 K. Okazaki khi nghién ctiu tdi bin DNA ctia thuc khudn thé T,
(DNA cua phage T, c6 hai mach xodn kép). Okazaki ding H'- thymidine dinh dau
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DNA cua phage T, ki sinh E. coli dang tdi ban, 1a ngudi diu tién phat hién co ché tdi

ban ntra gidan doan (semidiscontinous replication), con goi la tdi ban Okazaki.

Soi nhanh
Soi cham

Hinh 2.13. Vi tri cdc loai enzym trén chac ba tdi ban DNA :
1. nhan t6 tdi ban; 2. polymerase ®; 3,6. polymerase 8; 4. SSB protein;
5. helicase; 7. primase; 8. RNA moi;9. doan Okazaki.

Phan tor DNA cua phage T, téi ban theo hai chiéu nguoc nhau. Trén cic mach
don dang t6ng hop, nho xiic tic cua cdc enzym cdc nucleotid dugc kéo dai (gin) theo
chiéu 5°— 3’. Mot mach don duge téng hop lién tuc goi 1a mach lién tuc, mach
nhanh hay mach chu (leading strand). Mot mach don dugc téng hop titng doan nho
khoang 1000 - 2000 nucleotid, goi la doan Okazaki, cdc doan DNA nho, dugc enzym
DNA ligase noi lai tao thanh mach don hoan chinh, goi 1a mach gidan doan hay mach
cham (lagging strand). Ciic mach don dugc téng hop dén dau, cung vé: mach khuon
xoan lai v6i nhau tao nén mot phan tir DNA xoédn kép méi. Két thic ti ban c6 hai

phan tur DNA hoan toan giéng nhau, giong phan tir DNA ban diu, méi phan tir DNA
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mai ¢6 mot mach khuén va mot mach méi téng hop. Quad trinh tdi ban DNA céin ¢6
cac nhém -OH ty do cua 3’ C ¢ ddu 5°, gitip cho su kéo dai chubi polynucleotid theo
chiéu 5’ 3’ tao nén mach don méi. Liic ddu, phan tir DNA khuon khéng ¢6 cic
nhém 3* OH tu do. Su ¢6 mat ctia cdc phan tir RNA méi tao nén cic nhém 3’ OH tu
do gitp cho khdi déu tdi ban DNA duge thuc hién. RNA méi 1a cic doan RNA ngin
khodng 10 bazo nito, duge tdng hgp nhd enzyme RNA polymerase.

Mach lién tuc

SSB Protein

RNA méi

Hinh 2.14. So' d6 chac 3 tdi ban DNA theo Okazaki.

Khdi diu tdi ban DNA, enzym md xoin topoisomerase gin vao phan tir DNA
mach kép, cit didt mot trong hai mach 1am cho phén tir DNA & trang thdi siéu xoin
hodc xoan cdp hai dugc gian xodn. Téc do gian xodn khoang 100 vong/phit. Enzym

helicase xiic tic cit cdc lién két hydro giita cic bazo, nhd nang luong tir thuy phan
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ATP, GTP.... Céc cau ndi hydro bj dit, tao nén chac ba hinh chir Y. goi la chac tii
ban {replication fork). Cé nhiéu loai enzym helicase hoat dong ciing mét lic, mét s6
phan t&r enzym helicase gan trén mach 3'— 5’ (protein Rep), mét s6 khac gin trén
mach 5’— 37 ¢helicase 11 va IID).

Hai mach don ctia phin (¢ DNA d3 tich roi nhau, khéng tu xodn tr6 lai nhéy
c6 s tham gia cua protein SSB (Single Strand Binding protein). Céic phan tit protein
SSB bdm vio soi don clia DNA, Tam cho trang thdi md xofin dugc bén viing. Méi
phin o protcin SSB bim vio 8 nucleotid trén mach don, méi chac ba tdi ban 6
khoing 250 phan i protein SSB hout dong. Mach khuon duoc sir dung dén dau, cic
phin tir protein SSB duge gidi phéng dén dé. Trudong hop khong ¢ su tham gia coa
cic protem SSB, cdc mach don di tach roi nhaw lai tr xodn lai mot cdch lon xon, gay
tro ngai cho su tdi bin DNA hoiic 1am nglmg tdi bin DNA.

Tai diém khéi ddu tii bin lic ddu chua oé 3'0OH i do, phiic hop enzym
primase - RNA polymerase bim vio cdc mach don clia chace tii ban, 1éng hop nén
cic RNA méi, mo cic nhém OH tu do trén RNA méi ¢ vi tri 3°C. Enzym DNA
polymerase IIT hoat déng xiic tic khéi ddu tdi bin DNA. Sir téng hop ciic mach don
DNA mdi thco mot chicu xdic dinh tir 5°— 3” clia chudi polynucieotid dang hinh
thanh, nén hai mach don mdi duge tong hop theo hai huéng nguge nhau. Mach khuon
3= 57, mot mach don duoc tong hop theo chiéu 5'—> 3° clia chudi polynucleotid
dang hinh thanh, eting hudng thio xoiin cia phan tir DNA, con 2ot 12 mach nhanh
hay lién tue {leading strand), chi ¢6 mét phan tr RNA méi tham gii qud trinh tong
hap mach nhanh ngay lic ddu. Mach khuén 5°— 3° ciing tong hop mach don mdi
theo chiéu 5’3", nguoc hudng thio xoin cua phan tr DNA. Qua trinh 16ng hop
mach don DNA nily ¢6 nhi€u phan t¢ RNA méi tham gia, cic RNA méi gin trén
tirg dogn ngin ctia sgi khuén, tao cic nhém 3'OH  do .gi'.'!p cho tdi ban DNA ducc
thue hién. Gitia cic RNA mét, cde dogn mach don DNA ugin khodng 1000 - 2000
nucleotid duge tong hop goi 1a doan Okazaki. Sau dé cnzym RNase phan hiy RNA
moi 190 nén cdc *16 hdng”. Enzym DNA [‘;olymcrur;e T xtic tic tong hop cdc nucleotid

lip day cdc 16 hong”, enzym DNA ligase ndi cdc doan lai tao nén mach don DNA
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hoin chinh, mach don méi 1o thinh goi i mach giin doan hay con goi 1a mach
cham (lagging strand). Moi mach don mdi duge tdng hop ciing véi mach khuon xoin
121 tae nén phan (r DNA xoiin kép méi. Két qud mét phan tir DNA sau tdi bin nén hai
phin tir DNA méi, giéng nhau va giéng DNA khuon, bio dim théng tin di truyén
duoc truyén dat qua cic thé hé mot cich chinh xdc.

Qua trinh tdng hop cic mach don mdi theo nguyén Iy Chargaff A- T, G - C.
Trong qud trinh tdi bin DNA, enzym DNA polymerase I ¢é ty 16 sai s6t khi gin cic
nucleotid khéng theo nguyén 1y Chargaff khodng 10 %, Cic phan tit DNA méi duerc
tong hop €6 ty 1¢ sai sot trén cdc mach chi I 10 "® dén 10 *°, Sai khac ndy do enzym
DNA polymerase ¢d kha nang tu stta chita sai sét. Nhdy hoat tinh exonuclease, céc
enzym DNA polymerase IH truot qua mach DNA dang tdng hop, tu nhan biét cic sai
SOt coa cde base bit cip sai nguyén ly Chargaff trong qud trinh tdi ban DNA, loai bo

nhitmg nucleotid bi gan sai va thay thé bing cic nuclcotid phir hop.
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Hinh 2.15. T4i ban DNA dang “mit” & vi khudn.
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2. T:ai ban DNA Kiéu vong xoay

Cidc nghién ctiu tai ban DNA & vi khuan £. coli va moét s6 nhém vi khuin
khéc, cho thiy plasmid vi DNA nhan ¢6 kiéu tdi ban vong xoay hay dang ™ mit tai
ban™. Tai diém eri (origin- diém khdi ddu tdi ban) phan tr  DNA duoc cit tai mot
diém rén mach khudn tao nén vong DNA xoan, qud trinh tai ban DNA thuc hién
theo cit 2 bén vong xodn tao nén cidc “mit” goi 1a tdi bin DNA kiéu vong xoay hay
141 biin DNA dang ** mit ™.

Téng hop st (-}
Tao vimg DNA kép

S(Tl + DINA ban ddu
+ .
) Tidi ban kidu vong xoay,
tao nén soi + DNA mdi

®) (+)

(+)
5 3 ./

(+)

Hinh 2.16. Su 40 co ¢hé tii ban DNA dang vong xoay & vi khuan.
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Téi ban DNA kiéu vong xoay thudmg gip phage & v cdc plasmid cé6 DNA
mach kép & dang vong kin. Dau tién. mét vet cit trén mot mach don DNA, ddun §°
cua sgi méi duge cat duge kéo vé mot phia, nhitng doan vita kéo khdi vong DNA

duoc tdi ban theo nguyén 1f Chargaft.
3. Tai ban DNA soi don vi tai ban RNA 6 virus

Mot s6 bacteriophage nhu ¢ X 174, phage My, ... ¢c6 DNA mach don dung
vong. Khi xiim nhiém 1€ bao vi khuan, DNA se¢i don clia phage duoe dira vao 1€ bao
chu. Trong t¢ bao cho soi don DNA clia phage néi thanh vong goi 1a soi duong
(+).sau do soi duong (+) duoe dimg lam khuon dé 1ong hop s¢i b sung theo nguyén

Iy Chargaff goi 1 sgi &m (-,

Soi + O Dang ban ddu
Sai 'J,O \’u
\ Ty Dang tii bin RF

‘OO0 O
Hinh 2.17. So do tii ban cia phage DNA soi don.
Vong DNA mach kép cua phage goi 1a dang tdi bin RF (Replicating Forn).

Soi 4m cua dang tdi ban (RF) lam khuén dé tong hop nén cac soi don DNA mach

thing, cé trinh tu nucleotid giéng nhu bo gen phage. Cdc soi DNA méi duoc tdng



48 CAU TRUC, HOAT PONG VA BIEU HIEN GEN

hop uoi  thanh vong, lip ghép véi vo protein cia phage tao thanh cic phage méi.
Nhiéu loai virus c6 vt chét di truyén 12 RNA, qud trinh tdi ban RNA ctia virus duoc
thye hién nh& enzym phién ma nguge cua virus (reverse tramscriptase). Khi' xam
nhiém t& bao chii, RNA cha virus dige dua vio t€ bdo. Cic gen cila virus sit dung
cdc bo mdy cua té bao tong hop mot s8 enzyn ciia virus, dic biét [ enzym phién mi
nguge. Enzym phién mi nguoe cda virus xic tdc tong hop mot mach don DNA bd
sung {cDNA — Coﬁ]plement DNA), mach don cDNA ¢6 thé duoe sir dung lam
khuon dé téng hop RNA ciu virus, hoic tiép tuc tong hop soi bé sung thit 2 tao thanh

cDNA mach kép gin vio hé gen cla t€ bao vit chi.

RMNA
Palymergse

RMA

Polymerose

M3 —

Hinh 2.18. T4i ban gen cha phage M ;.

4, Tai ban gen ¢ enkaryote

Tdi bin gen & ewkaryote ¢6 sy tham gia cia nhiéu loai enzym polymerase,
nhiéu nhan 16 tdi ban RF (Replication Factor) vi cdc nhan & hoat hod... Co ché thi
ban DNA ¢ sinh vit nhan chun rét phitc tap.

Tai ban DNA cua cdc gen khdc nhau, cdc loai t€ bio khdc nhau...khac biét
v6i nhau v€ téc do 1di ban, thai gian khoi déu tdi ban, cling nhu tuy thudc giai doan
phat trién cila t& bao, vai trd va dic diém ciia cic gen, cling nhu di¢u kién sinh 1i sinh
hed cia t¢ bio.

Sinh vat nhan chudn ¢6 bo gen kich thudc 16n, tai ban DNA thue hién dong

thoi tai rdt nhiéu diém, tao nén nhiéu don vi tdi ban khic nhau. M&i don vi ti ban
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(replication unit) goi la replicon. T¢ bao nim men c6 hang tram diém khoi ddu tdi
bdn, t€ bao ngudi c6 khoang 20.000 - 30.000 diém khoi ddu tdi ban (20.000-30.000
replicon). Nguoc lai, bo gen vi khudn ¢6 mét diém khéi ddu tdi ban tao nén mot

replicon.

Enzym DNA polymerase

Replicon | Replicon 2 Replicon 3

Hinh 2.19. So dé tdi ban gen (DNA) & eukaryote.

Téc do tdi ban DNA ctia t€ bao ewkaryote twong d6i giong nhau, & 37° C t6c
do tdi ban khoang 1.000 - 1.500 nucleotid trong 1 phit. Mot phan tir DNA dang tdi
bin ¢6 nhiéu chac tdi bin dang vong doc theo chiéu dai phan tir DNA. Trung binh -
m&i nhiém sic thé clia eukaryote ¢6 khoang 20 - 80 replicon. Cdc don vi tdi ban hoat
dong khong dong thoi, trén cing mot nhiém sic thé cic viing khéc nhau duoc tdi ban
& nhiing thoi di€m khdc nhau, theo mot trat tu nhét dinh. Céc viing mang gen ciu triic
dugc tdi ban sém nhat, cdc vung di nhiém sic, \r't‘mg gin tam dong hoidc gin hai diu
nhiém séc thé dugc tdi ban muon hon. Cic gen c4u tric hoat dong o tit ca céc té€ bio
va cic loai mé, duoc tdi ban trude so véi cic gen chi hoat dong trong mot s6 té bao,
hodc mé dic biét.

Tai ban DNA cua eukaryote theo co ché ban bio thii véi su tham gia cua
nhiéu loai nhan t6 tii ban. Piu tién enzym topoisomerase va nhan t6 tdi ban A (RF -
A Replication Factor - A) xiic tic dugc thdo xodn phan tir DNA. Cic phan tir DNA

duoc thdo xoan véi téc do khoang 100 vong / 1 phiit. Enzym helicase cit céc lién két
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hydro tyo nén cdc niit tdi ban dang vong. Phitc hop enzym DNA polymerase « -
primase xli¢ tdc tdng hop cdc doan RNA mdéi. Phan tit DNA dang tii bin cé mot
mach don duge téng hop lién tuc, mot mach don tng hop gidn doan giong nhy &
prokaryote. Tdi ban DNA theo co ché’ Okazaki, méi doan Okazaki khodng 1000 - '
2000 nucleotid. Thoi gian téng hop mdi doan hét khodng 4 gidy (néu tinh téc do hodn
{;hinh mach don trung binh khoing 1000-1500 nucleotid/phuit). Ngay sau khi duoc
téng hop, cic phin tirt DNA két hop véi cdc dang protein kiém (histon) tao thanh cic

nucleosom trong vong vai phiit.
5. Co ché tu sira chira trong tii ban gen

Stra chita DNA 12 thugce tinh cua moi € bie séng, nhim khoi phue ciu tric tg
nhién cia DNA bj tén thuong do cde tdc nhan 1y hoi hoe, hoic tic nhan phéng xa
phidt sinh trong qué trinh tdi bin cua DNA. Sai sét tu nhién xdy ra khi tdi bin DNA
khodng 107 khi ket thiic tai ban sai s6t con khodng 10~° (10 * nucleotid dugc sir
dung dé tdi ban thi c6 1 nucleotid bi ghép sai nguyén 1y Chargaff). Trong qu4 trinh téi
ban DNA cdc nucleotid gin khong diing nguyén tic bd sung A = T, G = C, déu duoge
ciit bo nhd enzym DNA polymerase I, va duge thay thé bing nucleotid thich hop. Co
ché sira sai trong qud trinh t4i bin DNA dugce phdt hién & prokaryote, hiéu biét vé ché
stra sal trong tdi ban DNA & ewkaryore ¢on nhiéu han ché.

Sau khi téi bin DNA su sta chita cdc sai sét theo ¢o ché sua chia truc tiép
va sua chita gidn tiép. Sta chita trye ti€p bang quang phuc hoat {photo reparation).
Tédc dong cua ta tit ngoai (UV) lam cho cac thymin (T) nim ké nhau xich lai gin
nhau, 1ién két v6i nhau lam méo mo chubdi xodn kép, hinh thanh cic dime thymin.
Dusi tic dong cha cdc photon dnh sdng kich hoat enzym photolyase, sau dé mot
enzym kiéu endonuclease ¢t bd mét doan mach don khodng 10 -12 nucleotid, tao
néu moét 16 héng tai vi tri dime thymin. Enzym DNA polymerase 1 xiic tic tdng hop
cdc nucleotid 14p 16 héng. Enzym DNA ligase nét lai, lam cho cic dime tich thanh

cidc monome binh thudng, cdu tric cua DNA dugce phuc hoi.
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Sura chita gidn tiép con gei 12 slra chiva 161 (dark reparation), nhd hang loat
cdc enzym trong (€ bao nhan biét cdc nucleotid gin sai v cit bo. Enzym DNA
polymerase I xiic tic 1ong hop cdc doan DNA bd sung, hodc thay thé biing cic
nucleotid phu hgp, co ché cta qui trinh sita chifa nay rat phic tap chua dwoc hiéu biét

ciin ké.
I1L. PHIEN MA TONG HOP RNA (RNA TRANSCRIPTION)
1. Phién ma tong hop mRNA

Céc lodi sinh vat bic cuo ¢ bd gen gém nhiéu phin tr DNA xoién kép,
thudng xodn zigzag tao nén cdc nhiém sic thé. G sinh vat bic cao gen ciu tric dién
hinh 13 doan xodn kép cua phan tir DNA. Mach c6 chiée 3’ 5° duoc ding lam
khuon tong hop mRNA, goi ta mach khuén (antisense). Trong qui trinh phién ma
téng hop mRNA, cic ribonucleotid duge kéo dai trén mach mRNA dang hinh thinh
theo chi¢u 5’— 3’. Mach khong duge lam khuén cé chidu 5°— 3° (scnse). Trinh tu
sip x&p cic nucleotid trén mach sense, twong déng véi trinh tuw ¢lia cic acid amin
trong phin tir protein duge téng hop tir gen. Do vy, khi cong bd mot gen mdi, hoac
dang ky mot gen vao ngan hang gen ciin diing ky trinh tur cia mach sense. Phan ti
RNA thong tin dugc toéng hop tir mach antisense theo nguyén Ii bd sung gitta ¢dc -
bazo nito, nguyén liéu 1a cdc ribonucleotid ty do trong nhén t&€ bao (rATP, rGTP,
rCIP, rUTP). Qud trinh phién ma ¢é sy tham gia xdc tdc va hoat hod clia enzym
RNA polymerase, cic nhan t& phién mi vit ning luong 1l su thuy phan ATP, GTP...

Do khong ¢6 co ché sua sai, nén miic du qud trinh phién ma ¢6 tinh chinh
xdc cao, két qud phién ma ¢6 nhiéu sai s6t hon so véi qui trinh tdi ban gen. Ty I¢ sai
s6t trong phién md tir 10° - 10°, sai st trong phién mi din dén sai khdc trong biéu
hién gen .

1.1. Phién md o prokaryote
(.11 Enzym RNA polymerase & prokaryote

Sinh vit prokaryote c6 mot loai enzym RNA polymerase tham gia phién

mi. Enzym RNA polymerase cla £. coli duge nghién ciu k¥, ¢6 trong lugng phan
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tr 500.000 Da (1 Dalton (Da) = 1,66 x 10" gr = 1/12 khé&i lwong nguyén tir
carbon), hé s& lang 11 - 13 S (Sveyber). Enzym RNA polymerase cia E. coli ciu
tao gbm nhin t6 nhan biét & va phén 16i c6 5 chudi polypeptid gém hai chudi o
{mébi chudi 41.000 Da), I chudi B (155.000 Da), 1 chudi B’ (165.000 Da) vi chudi

o {19.000 Da).

(S
©

L&i enzyme Nhan t6 o

Hinh 2.20. So d6 ciu tric enzyme RNA polymerase ciia E. coli.

Céc chubi B, P’ gidp cho hinh thanh céc lién két photphoeste, cic chudi o,
o chua rd chitc nang. Nhén (6 3 1 phan tir protein ¢d vai trd quan trong trong phién
mi, giip nhan biét promoter va xdc dinh diém khéi ddu phién ma diing ca gen.

1.12. Phién md téng hop mRNA & prokaryote

Té& bao sinh vit prokaryote thuc hién phién mi ciing mét Ide trén toan bo
phén tir DNA, tdt ca cdc gen cu triic (cistroﬁ) dugce phién ma dong thoi tao nén mot
phan tir RNA théng tin chung cho tat ¢4 cdc cistron. Mach don cha gen ¢é chiéu
3> 5’ (antisense) la mach khuén, enzym RNA polymerase trugt trén gen ciing
chiéu mach khuon tir 3'— 5°. Phién ma hinh thanh phan tif mRNA theo mét chiéu
xdc diph 53’ 37, nghia 12 phan tf mRNA dang hinh thanh kéo dii theo chiéu 5°—
3°. Qué trinh phién m3 téng hop mRNA duoc nghién citu k§ & vi khudn E. cofi.
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Trinh tuw - 35 Trinh tu - 10 thop Pribnow)

v v

S'TGTATTGACATGATAGAAGCACTCTACTATAAT CTCAAT AGGTCC 3
3" ACATAACTGTACTATCTTCGTGAGATG ATATTA GAGTTATCCAGGS®

-35 - 10 TH

V1 tri khéi dau phién ma

Hinh 2.21. So dé vi tri promoter cha vi khuin E. coli.

Promoter L vi tri gin cua enzym RNA polymerase gitip cho qud trinh
phién ma duge hoat hod. Phin tdm promoter cia prokaryote gém hai trinh wr diac
hi¢u trinh ty TATAAT & vi trf -10 tinh tir nucleotid dau tién dicge phién ma, dwoc
goi latrinh ty -10, TATA box hay Pribnow box.

Trinh ty thit hai cich vi tri khéi dau phién mi - 35 cip bazo nito, goi la
trinh ty - 35. Enzym RNA polymerase gén vio DNA & vi tef triinh  tu - 35 truot
doc theo gen dén trinh tir -10, phan (¢ DNA  bit ddu mo xoin, soi don 1am khuan
tich ra, qud trinh phién ma t6ng hop mRNA bt ddu.

Diu tién, enzym RNA polymerase va nhin 1§ nhan biét § gin vao promoter
G trinh tu upstrcam element (UP), nhan biét vi tri khoi ddu, khéi dong phién ma.
Khi phién mi téng hop mRNA duge & - 9 ribonucleotid, nhan 6 & tich khéi phiic
hop enzym RNA polymerase, va ¢é thé giin véi mét enzym RNA polymerasce khic
dé khéi dong mot gui tiinh phién ma méi.

Nhan t6 8 ¢6 kich thude khic nhau, vi khuin £. coli ¢é nhan 16 8 1a phan e
protein 70 kD gf)i [ 8-70, vi khuan B. subtilis 1a § - 40. Enzym RNA polymerase
truot trén soi khuon, phan tir mRNA duge tdng hop theo nguyén tic bé sung A -
U, Ty - TA, G, - 1C, C,, - rG. Khi phan tr mRNA tong hgp duoge khoang |7
ribonucleotid, phan diu mRNA tich din khoi mach khuén DNA, con doan diu
dang phién md khoang 12 ribonucleotid vin gin véi gen. Khi enzym RNA

polymerase truet qua, doan gen di thio xoiin dwoc xodn lai ciu triie ban diu.
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Nhan t6 &

RS NAVNCNAVN\Y!

pPP
mRNA

NONVRRNAARRARRER RN

Enzym RNA polymerase

Hinh 2.22. Nhén t6 8 va enzym RNA polymerase

trong phién ma cua vi khuén E. coli.
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Trén mach khuén DNA ¢6 cac déu hiéu két thiic (ddu hiéu két thiic c6 thé
la nhan t6 p, hodc Rho protein...). Cic nghién citu méi cua Terry Platt (1987) cho
thay Rho protein c6 vai tro két thiic phién ma, Rho protein bim vao doan cudi cia
mRNA tao nén cau tric kep téc lam cho enzym RNA polymerase roi khoi mach
khuon. ‘

Keét thic phién md mot phan tir mRNA chung cho tét ci cdc cistron dugc
tong hop. Qud trinh phién ma tc“'i;lg hop mRNA & prokaryote tién hanh déng thoi
v6i dich ma. Tuy thudc giai doan sinh truong cta t€ bao va diéu kién moi trudng, ¢

thé mot s6 cistron duoc dich mi, hodc toan bo cic cistron dugc dich ma.

Chiéu phién ma

Hinh 2.23. So dé phién ma va dich ma & prokaryote.

1.2. Phién md tong hop mRNA & sinh vt eukaryote

Sinh vat nhan chudn c6 nhan phan biét véi t& bao chit, trong nhan DNA tap
hop thanh nhiéu nhiém sic thé, mdi nhiém sic thé c6 nhiéu gen. Phin 16n cic gen
cdu tric cha eukaryote la gen phian doan gébm exon xen k& véi cic intron. Cic gen
cdu tric duge phién ma riéng biét, tao nén cdc phan tir RNA thong tin dic trung clia
moi gen. Qud trinh phién ma ddu tién tao nén cdc phan tir tién RNA thong tin (pre
mRNA), cic phian tr tién mRNA phai qua mét qud trinh bién déi thinh mRNA
hoan chinh. Cic phan tir mRNA hoan chinh (trudng thanh) c6 thé duogc dua ra t&
bao chat tham gia qud trinh dich ma. Phién ma & eukaryote ¢6 su tham gia cua

nhiéu loai enzym RNA polymerase va nhiéu loai nhan t& phién ma.
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1.2.1. Enzym RNA polymerase ¢ ewkaryote

Sinh vat ewkaryote ¢6 ba loai enzym RNA polymerase, mdi loai enzym
RNA polymerase ¢6 vai trd khic nhau trong phién ma.

Enzym RNA polymerasz I xic tic phién mi tdng hgp khoing 60% RNA
tong s6, chu yéu Ik cic loai rRNA tham gia ciu tric cha céc ribosom gom rRNA
285, IRNA 185 va RNA 5,88,

Enzym RNA polymerase II xiic tic tSng hop khoang 30% téng luong RNA
cua 1€ bao. Enzym RNA polymerase 11 xiic tic phién md tao cdc phan tr RNA
thong tin va mot s6 logi RNA nhé (small RNA) nhir U, U,, U,...

Enzym RNA polymerase HI xic tic téng hop khoang (0% RNA cia t&
bio, chu yéu 1a cdc loat RNA van chuyén (tRNA), rRNA 5S vi cic small RNA
khic nhu U, U,...

Cau tric cta enzym RNA polymerase chia enkaryote rit phic tap. Enzym
RNA polymerase Il cia ndim men ¢6 cdu tao tir 12 tiéu phan protein kich thuée tir
7.7 kDa dén 190 kDu. Ngoai 3 loai enzym RNA polymerase chii y&u, trong ty thé,
Lap thé cha 18 bao cwkaryote cb cac enzym RNA polymerase nhu cilla t& bao

prokaryote.
1.2.2. Cdc nhan t68 phién ma o eukaryote

T& bao sinh vat enluryote ¢6 nhiéu loai nhan t6 phién md, gém nhan t6
ahin biet vi tri khoi diu phién ma trén mach gen, nhin t§ hoat ho4 v khéi dong
promoter...

Trong méi qud trinh phién mi cé sy tham gia clia mot loai enzyme RNA
polymerase, cin ¢6 su tham gia clia cdc nhan 6 phién ma phit hop. Nhan t6 phién
mi viet tat 1a TF (transcription factor). TF nhém II tham gia phién mi téng hop
mRNA gém TF,; A, TF, B, TF, D, TF,E, TF,F va TF,H... M&i loai TF ¢6 vai trd
khic nhau trong sir t3ng hop mRNA. Tham gia phién ma t6ng hop mRNA con ¢6
nhi¢u loai protein diic hiéu nhu TATA TBP (box binding protein), TAF,S ...
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1.2.3. Phién md téng hop mRNA & eukaryote

Promoter cua eukeryote ¢6 trinh ty giau cic cap T - A goi la hop TATA
thudng & vi tri - 25 dén - 30 trudc vi tri nucleotide ddu tién duoc phién ma (vi tri
+1). Hop TATA gitip enzym RNA holymcrase nhan biét va khoi dong phién ma &
vi tri chinh xdc.

Vi tri gan mi Exon Vi tri gén dudi poly A

-90 -80 -30 -ZSl
=i CCAAT TATA 3
|

s B

Ving diéu khién T -Mg?a

’

i
-«

-
«

Ving phién ma

Hinh 2.24. Vi tri ving phién mi cta eukaryote.

Ving phién ma dugc tinh tir nucleotid ddu tién dugc phién ma dén vi tri gin
dudi poly A cia mRNA, viing phién ma gém céc intron xen k& exon.

Intron 1a trinh tu khéng mang ma théng tin di truyén, con goi la diy ma
mu, chiém khodng 30 -75% do dai clia cdc gen cdu tric. Pdu 5° ciia intron thuong
c6 hai nucleotid GU, dau 3’ 14 hai nucleotid AG.

Exon 1a trinh tr nucleotid ctia gen mi hod cdc acid amin trong mdi chubi
polypeptid. Trong nhan t&€ bao cdc intron va exon déu dugc phién mi tao cdc phan
tr tién mRNA (pre mRNA). Céc phan tir tién mRNA qua mét qud trinh bién déi,
duoc cit bo cde intron, néi cdc exon véi nhau tao thanh mRNA trudng thanh. Ving
3’ cia gen khong duogce phién ma, chic ning vung 3’ dén nay con chua duoc hiéu

biét mot cach cin ké.
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Qud trinh phién mi téng hgp mRNA gém nhiéu giai doan k€ tiép vi dan
xen Jan nhau:

Guai doan khéi dong phién ma: nhé tic dong hoat hod cla nhin t6 phién
mi TF,;D, enzym RNA polymerase Il (viét tit k Pol IT) giin vao vi tri TATA box.
Nhan t6 phién mi TF,H va TF,B gin ti€p viio vi tri cia Pol I1. Enzym Pol II xic tic
cit cdc lien két hydro 1am cho hai mach don cua phan tir DNA duge tich roi nlullu
Nhan t6 TF, F khai dong phién mi lam cho enzym Pol II bit dau truot trén mach
khuon, cdc ribonucleotid ti do dugce lip ghép theo nguyén ti Chargaff cho d¢n khi
phin tit mRNA duge tong hop xong.

V&t ciit ther nhat

5 Exonl GU Intron 1 AC Exon 2 _ Intron 2 Exon 3 ¥

VE ¢t thit hai

5* Exon | GU Exon 2 Intron 2 Exon 3 ¥

.-".'..-CA

-
.

5 Exon'f™

CanEt

Exon2 GU Exon 3 ¥y
.-.-UUCA
5 Exon | Exon 2 -"Exon 3 ¥

Hinh 2.25. So dé cat ndi exor - intron ca tién mRNA.

Khi enzym Pol II gap tin hi¢u két thie phién ma thi dimg Jai, phan tir tién
mRNA dwgc hinh thanh. Khi ¢6 idc nhin Gc ché, tin hiéu tir vi tri hoat hud dén
enzym Pol 1l bi ciit, qud trinh phién ma khong dugc thuc hién, phin tir mRNA

khong duoc téng hop.
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Giai doan bi€n déi tién mRNA thanh phan tirt mRNA hoan chinh: qud trinh
bién déi gém: gan mi, hinh thanh duéi poly A va cit intron néi cic exon.

Gan mil (capping): khi phan tir tien mRNA méi hinh thanh duge mot doan,
¢ ddu 5° ctia phan tir tién mRNA lién két v6i mot phan tir 7- methyl guanin, goi la
gan mi. Mil la yéu t& cin thiét cho cdc ribosom nhan biét trong su khai diu dich
md, va tranh cho mRNA khong bi phan huy béi cdc loai enzym nuclease.

Hinh thanh dudi polyA: phan tir tién mRNA vira tdng hop xong, bi cit bd
khodang 20 nucleotid nim truéc mot trinh tw AAUAAA. Enzym polyA polymerase
xic tdc gan thém mot s6 nucleotid loai A vao ddu 3’ ciia phan tif tién mRNA, tao
thanh duoi polyA. S6 luong A dugc gin thay déi tuy theo loai va giai doan phit
trién ciia t&€ bao (& dong vat ¢6 vi khoang 250, khoang 100 & ewkaryote bac thap).
Khi mRNA duge chuyén ra € bao chat du6i polyA ciia mRNA bi thodi hod ngin
dan, chi con 30 - 150 A.

I6STRNA (RNA 23S rRNA 58S rRNA tRNA
5’ ’ 3’
_____ R M—
----- Ry
Promoter Terminator
16S i 238 58
Y T Y Ty Pre rRNA
RNase
16S 238 58
RS ey SRRRRNNRN

Hinh 2.26. So d6 phién ma téng hop rRNA ¢ E. coli .

Do dai du6i polyA biéu hién thoi gian tén tai cia mRNA trong té& bao.
Bubi polyA cang dai, thoi gian tén tai trong t€ bao cia mRNA cang dai. Mot s6 it
truong hgp mRNA khéong ¢6 duoi polyA nhu cic mRNA phién mi tir gen mé hod
histon khéng c6 duéi poly A. '
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Qua trinh cit intron n6i exon (splicing): Phan tir tién mRNA di gin mii va
gan duoi poly A tié€p tuc bién déi, cdc intron dugc cit bd va cic exon dugc néi véi
nhau thanh phan & mRNA hoan chinh. Quad trinh cit intron néi exon ¢6 su tham gia
cua cdc phin tir ghép néi - spliceosom. Cdc phan tir RNA nhé (small RNA) c6 thé két
hop véi protein dac hiéu tao thanh nhan con. Cic phan tr RNA nho ¢é khoang 100 -
300 ribonucleotid, gidu nucleotid loai Uracin. Hién nay da biét ¢6 6 loai small RNP
dat tén tir U,, U,, U,, Uy, Uy va U, ( Chit U biéu thi céc phan tir RNA giau Uracin).
Cic spliceosom tao nén mot vét cit & bién gidi clia exon thit nhat véi intron. Goc 5
photphat ctia Guanin & phan diu cua intron lién két véi géc - 3’OH ciia Adenin gin
diu kia cta intron tao cdu tric thong long. Tiép theo mot vét cit tai bién gidi cua
intron dau tién véi exon thit hai 1am cho intron bi cit bo con cic exon duoc néi véi
nhau. Qua trinh ti€p tuc dén khi cdc intron bi cit hét, cic exon néi v6i nhau thanh
mRNA truong thanh. Cic phan tir mRNA trudng thanh chui qua 16 mang nhan ra t&

bao chat tham gia qua trinh dich ma.

5’ 18S rRNA 5,8 SIRNA RE
A e I SRR 1110101111111111 O
pacer
iphién ma
185 5.85 285
5’ 3!
- ST T

458 pre - rRNA

i [ ]
208 pre- rRNA

-

18 S rRNA
EEETEEEET)

P S pre - rRNA
mgz\uen két H,

28 S rRNA
e 5,8SrRNA.

Hinh 2.27. So'd6 phién mi téng hop rRNA & eukaryote.
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3. Phién ma tong hop rRNA

Cic phéan tr rRNA duge tong hgp tir cic gen dic trung riéng, cic gen ma
hod rRNA thuémg ndm & ving DNA lap lai. Phan tir /RNA dugc tdng hop theo
nguyén li Chargaff, tao nén cidc phan tir tién rRNA.

Cic phan tir tién rRNA gua mot qud trinh bién déi 6 su tham gia ¢it ndi cua
enzym RNase trd thinh cic dang rRNA hoat dong, ¢6 thé tham gia qui trinh dich mi
trong t€ bdo chat. Cic dang rRNA hoat dong gém nhiéu loai khic nhau, t€ blo
prokaryote 6 cic loai rRNA 165, rRNA 23S vii rRNA 38, 1é blo erkaryote ¢6 cic
loai rRNAISS, TRNA 28 S varRNA'S, 885,

4. Phién ma tong hop tRNA

Cic gen mii hod IRNA thudng nim 6 ving DNA 1ap lai, ¢ thé & vi tri trong
cic gen dém (spacer). Gen ma hod tRNA cua etkaryore ¢6 nhiéu ban sao, t& bio éch
Xenopus levis moi loai t(RNA ¢6 khodng 200 ban sao, t&€ bao E. coli chi ¢6 mét ban
sao mdi loai tRNA. 86 lugng gen mi hod tRNA ciia enkaryote 16n hon prokaryore
nhiéu ldn, & niim men ¢6 khoing 400 gen, cdc gen ma hoa tRNA clia nim men gém
cidc exon xen k& intron, méi intron dai khodng 14 - 60 bp.

Cac gen mi hod (RNA thudng phan bS & cdc ving DNA 1ip lai clia bo gen;
mdi doan DNA 1ip lai chifa 2 hoac nhiéu loai gen ma hod cic loai tRNA khdce nhau.
Mot s6 gen ma hod t(RNA cling loai ciing duge phan bd tap trung trén cic doan DNA
lap lai it. Qud trinh phién mi thudmg tao nén cdc phén tir tién tRNA (pre-tRNA)
chung cho mét s6 tRNA véan chuyén. Phan i tién tRNA qua qué trinh bién dét, cic
intron duoc cit bd, cic exon duge néi véi nhau thanh tRNA hoat déng duge dua ra
ngoai 1€ bio chat. Nho tham gia ciia moét s6 loat enzym vi.ning luong cic loai tRNA
duogc hoat hoid, tham gia qud trinh téng hop protein. |

Gen ma hod tRNA van chuyén acid amin tyrosine (tRNA, Tyr) c6 mot
intron 14 bp nim gdn bo ba d6i ma (anticodon). Sau khi phan tir pre- tRNA. Tyr
dugc tong hop bi cit bd mot doan 14 ribonucleotid tré thanh dang tRNA hoat dong.
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DNA  Intron tRNA.Ser Spacer tRNA. Thr Intron

Phién miii

Pre-tRNA

Pre-tRNA™

Hinh 2.29. So dé cat n6i phan tir RNA van chuyén axit amin tyrosin
& vi khuén E. coli.
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Nhi¢u gen mi hod tRNA ¢6 the nim ké nhau trén mét doan DNA ngin cich
bang cdc gen dém, ching han t& bao E. cofi ¢ 2 gen mi hoi 2 loai tRNA vén chuyén
acid amin threonin vit serin nim ké nhau, ngiin cich bing mét doan dém dai 6 bp.
Sau khi phién mid doan dém  dugc cit bd, phan tir t(RNAser cit bd tiép 10
ribonucleotid & diu 5° con tRNA 1thr duge cét bo 3 ribonuc]eoﬂ'd ¢ diu 3’ tao thinh

ciic IRNA hoat dong

IV. DICH MA (TRANSCRIPTION)

1. Ma di truyén

Phan tir DNA c6 bén loai nucleotid A, G, T, C, phién ma tao cic phan tr
mRNA ¢6 bon loui ribonucleotid A, G, U, C. Trong cdc phan tir protein do gen mi
hod ¢6 hon 20 loai acid amin khic nhau. Do vay, néu mot loai nucleotid ma hod mét
acid amin ¢6 4' = 4 loai acid amin. Né&u hai loai nucleotid mi hod méi acid amin
duge 47 = 16 loai acid amin, khong dil mi hod 20 loai acid amin trong cic phan tu
protein. N&u ba loai nucleotid mi hod mot acid amin duoc 4° = 64 loui acid amin,
thita vd du ma thong tin cho hon 20 loai acid amin khdc nhau.

Nhiéu nghién citu da x4c dinh ¢6 mét s6 loai acid amin do hai hay nhiéu loai
b& ba mil hod khdc nhau xic dinh. Béng thuc nghiém giy dot bién gen R, ciia phage
T, lam miit cdc nucleotid cha gen, tao nén cic phén tir protein khdc nhau. Tién hanh
tao dét bién thuc nghiém 1am mat mét, hodc mdt ba nucleotid cia gen R, ciia phage
T, tao nén cdc phin tir protein thi€u mit mot acid amin, trit tu ¢dc acid amin bj thay
d6i. Néu doan dau ciia gen Ry clia phage T, bi mat ba nucleotid lién nhau hoic cdch
nhau, thi phin tu protein tao thinh thi€u moét acid amin, trit tu sdp xép ciia cic acid
amin & doan diu bj thay ddi, trat tir doan sau giit nguyén. Diéu dé chimg 10 mi di
truyén 1a ma bd ba, nghia Ja ba nucleotid ké tiép nhau trong gen ma hod cho mét loai

acid amin.
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Bing 2.1. Ma di truyén cia mRNA

U e A G Piu 3
UUU Phe UCU Ser | UAU Tyr (UGU Cys |U
UUC Phe UCC Ser | UAC Tyr |UGC Cys |
U UUA Leu UCA Ser | UAA Stop [UGA Stop | A
UUG Leu UCG Ser | UAG Sop (UGG Trp | ¢
CUU Leu CCU Pro | CAU His |CGU Arg U
C CUC Leu CCC Pro CAC His |CGC Arg C
CUA Leu CCA Pro | CAA Gls |CGA Arg A
CUG Leu CCG Pro | CAG Gls |CGG Arg G
AUU lleu ACU Thr | AUU Asn |AGU Ser
A AUC lleu ACC Thr | AAC Asn |AGC  Ser E
AUA Ileu ACA Thr | AAA Lys |AGA Arg
AUG Met ACG Thr | AAG Lys |AGG Arg A
G GUU Val GCU Ala | GAU Asp |GGU Gly 3
GUC Val GCC Ala | GAC Asp [GGC  Gly
GUA Val GCA Ala [ GAA Glu |GGA Gly i
GUG Val GCG Ala | GAG Glu |GGG Gly G

Tinh chit cia md di truyén:

- Thong tin di truyén theo mot chiéu tir 5° dén 3’ cia mRNA, tao nén cic
khung doc ma.

- Ma di truyén c6 tinh lién tuc, nghia 12 doc va dich mi lién tuc khong bi gidn
doun.

- M di truyén c6 tinh chat phé bién & cdc sinh vit. Mi di truyén c6 bo ba

mad diu, bd ba két thic dic trung va giong nhau & cdc nhém sinh vat prokaryote,
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érkaryore va virus, Bé ba mo dau cde phan tt mRNA 1h AUG & dau 57, bo ba két
thic & dian 3’ coa mRNA 1a mot trong 3 bo ba: UAG, UAA, UGA.

- Mi di truyén c6 tinh linh hoat, mot 6 bd ba mi hod c6 thé thay déi
nucleotid thit hai hodc thi ba viin mi hod mot loai acid amin, mat khic ¢6 mot 56
acid amin duge xdc dinh bai hai hay nhiéu bo ba mi hod: acid amin glutamin do hai
bd ba mi hod GAU, GAG; acid amin  Alanin do bdn b6 ba mi hod GCA, GCU,
GCC, GCG.

2. Quui trinh dich ma (T'ranslation)
2.1. Cdu tritc protein

Protein ¢d cfiu tgo tir cdc acid amin sip xép k& tiép nhau, lién két véi nhau
bang cdc lién két peptid tao nén chudi polypeptid. Mbi acid amin c6 ciu tao chung
gom nhém amin (- NH,), nhém carboxyl {- COOH) vl cic hydrocarbon (-R). su
khic nhau cua cdc acid amin do cdu tnic khic nhau cia géc cic hop chit
hydrocarbou.

M&i phan tir protein diic trung riéng boi s6 lugng, s6 loai va trinh tu sap xép
cua cdc acid amin vit mic dé xodn clia chubdi polypeptid. Mot phan tit protein ¢6 thé
ciiu 1ao tir mot hofic nhiéu chudi potypeptid. Chiing hun, phan tir insulin 3 protein cé
51 acid amin, ciiu tao tir hai chudi polypeptid chudi A gém 21 acid amin, chudi B ¢6
30 acid amin n&i véi nhaw bing ba ciiu disulfur (S - S), hoac phan tir hemoglobin ¢é 4
chudi peptid cliing nhin hem cfu tao nén...

Protein tham gia cfu tao cidc 16 chic cla t€ bao va co the, [a thanh phin chi
y€u cla cidc enzym, hormaon tham gia qué trinh chuyén hod va diéu hod cic qui trinh
sinh truong phdt trién cta t&€ bdo vi co thé, protein dong thai i nguén nang huong du

trit cua 1€ bilo va clia moi co thé song.
2.2. Co ché dich ma (Translation)

Cic acid amin (aa) ducge hoat hod nhiy ning luong tir cic ATP, GTP duoc gan
v6i RNA vin chuyén (tRNA) nhdy xiic tic cla enzym aminoacyl-tRNA synthetase,

tao thinh phiic hop aa~tRNA (aminoacy!-tRNA).
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Hinh 2.30. So d6 ciu tao chudi polypeptid.
aa + ATP + Enzym p 43~ AMP~Enzym + 2P

aa ~ AMP~ Enzym + tRNA p aa~tRNA + Enzym + AMP
(xem hinh 2.31)

ATP .
+ —

Enzym

RNA
Hinh 2.31. So d6 hoat hod axit amin.
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Nhan 6 khéi dong dich ma IF (Initiation Factor) & sinh vat prokaryote gém
ba loai, & sinh vat eukaryote ¢6 6 loai nhan t6 IF.

Dau hi¢u khoi dong dich ma la bo ba AUG trén mRNA (AUG déng thoi ma
hod acid amin methionin). Acid amin methionin (Met) dugc hoat hod tao phiic hop
Met ~ tRNA.

Hinh 2.32. So d6 dich ma cta ribosom.
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Nang lugng gidi phéng ti su thuy phin ATP }am cho tiéu phan ribosom uho
(308, 408) gén vio vi tri bo ba AUG, tiéu phén ribosom 16n (508, 60S) két hop vii
ti¢u phan nho thanh ribosom. Mot phan tit tRNA mang acid amin methionin (Met ~
tRNA) dich chuyén d&n ribosom & ba ba AUG vi gin Met vao vi tri nhan acid amin
(vi tri A) trén tiéu phan l6n. Ribosom trugt tiép trén mRNA theo chiéu 5° — 3.

Cac ribosom truot trén mRNA dén mdi bd ba, ¢6 mot tIRNA mang mot acid
amin tiwong dng gin vao diém nhian A, sau d6 chubi peptid dugc chuyén sang vi tri P,
chubi peptid duge kéo dai dén khi két thiic dich ma.

Khi ribosom trugt dén bo ba két thic (UAA, UAG, UGA) khong co acid
amin nao duge dua dén vi tei A, nhin t6 két thic TF (Termination Factor) 1am cho
ribosom va chudi polypeptid tich khoi mRNA. Sau khi chudi polypeptid roi khéi
ribosom, acid amin Met & ddu chudi polypeptid duge ciit bo, chudi polypeptid dugc
dua dén vi tri cin thiét cia t€ bio theo tin hiéu cia doan peptid tin hiéu (khodng 16-
24 axit amin diu chudi polypeptide). Ribosom tdch thanh 2 tiéu don vi 308 va 508 &
prokaryote (hodc 408 va 608 & enkaryote), phan tdn trong t& bao chét chuin bi qua
trinh dich md méi.  Chiéu dich ma trén mRNA tir 5°— 37, cing mot lic nhiéu
ribosom tham gia dich mi trén mét phin tr mRNA. Cuong do dich mi tuy theo loai

t¢ bio va giai doan phit trién, 1€ bao non ¢6 qué trinh dich ma manh hon t& bio gia.

V. PIEU HOA HOAT BONG VA BIEU HIEN GEN

1. Diéu hoa hoat dong va bi¢u hién gen coa virus

Co ché di¢u hod hoat dong gen cla virus duge nghién clu kj & cic
Bacteriophage A (phage 2) Ki sinh trén E. coli. Phage & tu diéu chinh tir giai doan
tiém tan sang gy doc, 1lam tan t€ blo hodc nguoe lai nhd hoat dong ciia cic gen C,
vit gen Cro. Gen C tic dung nhu mot cong tac hai chiéu, gidp phage A & trang thii

tiém tan hodc giy doc lam tan t& bio.
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RNA polymerase
C1 C1 promoyer Cro promoter Cro A DINA
' B |

(

Hinh 2.33. Diéu hoa hoat dong gen phage A ¢ giai doan tiém tan.

Khi enzym RNA polymerase gin véi C, promoter, gen C, dugc phién mi va
dich ma tao nén C, protein. C, protein cé hoat tinh, kim ham hoat dong cta Cro
promoter lam cho gen Cro khong phién ma va dich ma. Bo gen cua phage A gin véi
bo gen té€ bao chil tao nén prophage, t6n tai & dang tiém tan cting v6i bo gen té€ bao

chu.

Right Cper a-WT_I _RMNA polymerase

C1 C1 promoter  Cro gromotu ] Cra A DHA
I e 5 — I

Hinh 2.34. Diéu hoa hoat dong gen phage A gay doc .
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Khi gip cic diéu kién bat loi nhu tia UV, nhiét do cao, chit hod hoc... C,
promoter “bi khod” khéng két hop véi enzym RNA polymerase. RNA polymerase
gan véi Cro promoter 1am cho gen Cro hoat dong phién ma va dich mi tao nén Cro
protein. Cro protein tic dong 1am cho b gen phage A tich khoi bo gen t€ bao. Bo gen
phage A hoat dong tii ban, phien ma va dich ma téng hop cdc enzym cin thiét,
protein vo, protein phan du6i clia phage A. Cdc thanh phan ciia phage téng hop & cic
vi tri khédc nhau trong t€ bao, dugc lap ghép trong t€ bao chi tao nén vo s6 virion, cic
virion tao nén cdc phage A trudng thanh pha v t€ bao chu, tiép tuc xam nhiém cic t&

bio khic.
2. Diéu hoa hoat dong va biéu hién gen 6 vi khuin
2.1. Diéu hoa hoat dong va biéu hién gen ciia operon Lac ¢ E. coli

Bo gen vi khudn gém nhiéu operon khic nhau. Méi operon ¢6 vung diéu
khién chung cho tat ca cic cistron. Nam 1961 F. Jacob vi cong su nghién ciu su
kiém sodt di truyén hap phu dudng lactose clia E. coli, phit hién co ché cam ting tong
hop cic enzym hap phu dudng lactose. Cic tic gia la nhimng nguoi ddu tién kham pha
co ché diéu hoa hoat dong gen, duoc giai Nobel vé Y hoc 1965.

P.NA
/" ( olymerase )\

B l _—0\1 ’
Lacl |P, ~ P | O | LacZ |LacY |[LacA
Py
" (;' | |
{ Khoéng phién ma
! ( Khoéng tao thanh mRNA

Hinh 2.35. Hoat dong ctia operon Lac khi méi trudng c6 glucose.
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Vi khudn E. coli khi nuéi cdy trén moi trudng c6 dudng glucose, hip phu
glucose cho qud trinh sinh truong va phan chia t&€ bao. Khi méi trudng chi ¢6 duang
lactose, sau mot thoi gian thich img céc & bao vi khudn E. coli ¢6 thé hap phu dudng
lactose sinh truéng va phan chia.

Su thich ting cua céc t€ bao E. coli v6i duong lactose lién quan dén hoat dong
clia cdc gen trong operon Lac. _

Ving diéu khién ctia operon Lac gébm promoter (P), operator (O). Ngoai ra
con ¢6 gen diéu hoa lacl & gén operon Lac, gen lacl ma hoda moét loai protein tic ché 1
con goi 1a nhén t6 kim ham (repressor).

Viung mang ma di truyén ctia operon Lac gém 3 gen: gen lacZ ma hod cho
enzym 3 - galactosidase c6 tiac dung thuy phan dudng lactose thanh dudng galactose
va duong glucose, gen lacY ma hod cho enzym galactosid permease gitip su van
chuyén dudng lactose qua mang té€ bao vio trong t€ bao va gen lacA ma hod enzym

transacetylase, chiic ning chua duoc biét r, khong tham gia vao chuyén hod duong

/@\

Lacl O | LacZ |LacY |LacA

’\ﬁx,,r /Z S |
mBNA

Q --------------------- ‘EH

A lactose

lactose.

P - galactosidase transacetylase

galactosid permease

Hinh 2.36. Hoat dong ctia Lac operon khi moéi truong c6 duong lactose.
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Trong méi truong nudi cdly 6 dudng glucose, gen e ché lacl phién mi va
dich ma tao protein tic ché (I). Protein e ché 1 két hop véi operator lam cho enzym
RNA polymerase khong gin vio vi tri ctia prometer (P), ngéin can phién ma cua cac
gen lacZ, lac Y, vii lacA, cic mRNA clia céc gen trong operon Lac khong duoc tong
hop.

Trong méi trudmg khéng c6 dutmg glucose, dutng lactose la nhan 16 cam
ung {inductor), lactose két hop véi protein tc ché I, thay déi dic tinh cia protein vc
ché, 1am cho protein ttc ché 1 khong két hop véi operator. Operator duce khoi dong
tam cho enzym RNA polymerase giin vio vi tri promoter, ¢ic gen luc Z, lacY, lac A
dugc phién mil va dich ma, tao nén cic enzym can thiét cho sit chuyén hod dudng
lactose. T& bdo . coli ¢6 khi nang chuyén hod vil hip phu duding lactose cin thiét

cho quii trinh sinh trwdng va tiép tue phan chia.
2.2. Diéu hod hoat dong va biéu hién gen operon Trp & E. coli

_ Nghién citur & vi khuin £. coli cho thiy acid amin tryptophan 13 nhan 16 dc
ché¢ trong dieu hol hoat dong gen. Operon tryptophan gém ving diéu khién cd gen
trpl, promoter, operator vi viing mang ma di truyén ¢é nam gen trpE, tpD, trpC,
ipB, wpA. Khi moi trusmg nuoi ciy khong ¢é tryptophan, vi khudn £. cofi ¢6 thé wr.
téug hop tryptophan nhd mot loat cdc phan dng tao thinh cde chat trung gian, cudi
clng tao nén tryptophan.

E—D—>C— B- A— tryptophan

[

E, E, E. E,

Khi méi trudng khéng ¢6 tryptophan, protein tic ché R (repressory khong
gan véi operator, enzym RNA polymerase gin v6i promoter khéi dong phién md tao
mRNA cia cde gen trpE, tepD, tpC, trpB, trpA. Quad trinh dich ma tdng hop nén acid
amin tryptophan, gidp cho vi khuin £ colfi song duge & méi truomg khong c6

tryptophan.
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" Hinh 2.37. Hoat dong cua Trp operon khi khong cé tryptophan.

Mbéi trudng nuéi cdy cé tryptophan, tryptophan gan véi protein tic ché R
(repressor) tao thanh phic hop. Phiic hop nay thay déi tinh chat gin chit vé6i operator
gay tic ché phién ma. Enzym RNA polymerase khong nhéin biét promoter, cic gen
cau tric trpE, trpD, trpC, trpB, trpA khong dugc phién ma, khong tao nén cic mRNA,
tryptophan khéng duoc téng hop.

Protein
uc ché

trpD trpC urE oph

Khoéng phién ma
Khong dich ma

Tryptophan

Hinh 2.38. Hoat déng cua Trp operon khi c6 tryptophan.
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3. Diéu hoa hoat dong va bi€u hién gen & eukaryote

B6 gen cla céc sinh vt ewkaryote cé kich thude rit 16n, cdu tric phitc tap,
DNA duge nén chit trong nhin t€ bio & cdc nhiém sfic thé. Bo gen 1én nhung chi ¢6
mot phin nhé DNA dugc dich md thanh cdc dang protein. Diéu hol hoat dong va
bi€u hign gen cla sinh vit eukaryore rat phiic tap. Cic gen di€u hod thé ¢é kich thude
hang tram Kb, thudng nim cdch xa cic promoter.

Céc gen ciu tric hoat dong va biéu hién wy theo giai doan sinh truéng phit
trién va dac diém cha timg loai t¢€ bao vi mé. Ciing mot gen & cdc t&€ bio, mo khic
nhau ¢6 s hoat dong, bicu hién khic nhau. C6 nhiéu co ché diéu hoa hoat dong vi
bi¢u hién clia cic gen khic nhau: dién hoa trude phién ma, diéu hod trong qui trinh
phién mi hodc di€u hod & giai doan dich md, diéu hod biing cic trinh tu DNA dic

higu...

3.1. Diéu hod hoat déng va biéu hién gen bing thay ddi cdu triic DNA vi

niiem sdc thé

Té¢ bao sinh vit nhin chudn c6 su sdp xép trit tu cic gen, phu hop mitc do
hoat déng cua timg loai gen trong 1€ bao. Nhitng gen hoat dong manh, hoat dong lién
tue thudng duge x€p vio cing mot nhiém sic thé, tao thuin loi cho tdi ban va phién’
ma. Vi dy, & ngudi ¢6 nhiéu dang hemoglobin thay the nhau trong qud trink phit
trién ci the, phoi 40 ngdy tudi xudt hién hemoglobin phéi (Hb E), Hb E ton tai dén
hét 3 thing tubi. Cudi thang thir 2 phéi xust hién dang hemoglobin so sinh (Hb F),
Hb F t6n tai dén khi sinh nhung him luong giam din, khi phoi 5 - 6 thdng tudi Hb F
chi con 2% - 3%. Sau khi sinh xudt hién hemoglobin trudng thanh Hb A, Chc dang
hemoglobin dugc kiém sodt boi locus B- globin, gém 4 gen cliu tric riéng 1€ o, v, &
vit 3, cde gen nay duge phan bd trong cic nhiéim sic thé khic nhau. Didu hod qué
trinh tong hop hemoglobin ngudi theo timg giai doan phit trién cia co thé do mot
cdu tric diic biét, goi la viing kiém soat cdc locus LCR (Locus Control Region). Ciu
tric LCR chiu trach nhiém diéu hod hoat dong va biéu hién cic gen clla locus -

globin. Cau triic LCR ¢6 4 vi tri ti€p nhan cde loai protein diéu hoa cua céc gen o, ¥,
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d va 3. Khi protein diéu hoa clia gen ndo dé duge gan vao LCR 1am cho ciu trdc cia
nhiém siic thé thay dai, promoter tuong ting chuyén ra phia ngodi, thuan loi cho su
phien mi va dich mi tao nén dang hemoglobin tuong g véi timg giai doun phét

trién.
3.2. Diéu hoa hoat dong va biéu hién gen bdng chon loc promoter

Trong t€ bao euwkaryote gen ma hod a - amylase do 2 promoter khic nhau
diéu khién. M&i promoter chiu trdch nhiém khdi dong phién ma mot loai mRNA nhat

dinh dic trung cho tiing loai ma.
3.3. Diéu hoa hoat déng va biéu hién gen bing cdc cila profein dic hiéu

Cic protein dic hiéu (hormon) 13 ¢dc nhan 18 tic dong vao ¢ bao dich (1€
bio mang thu thé cia hormon). Hormon 1am thay déi hoat dong va biéu hién cua mot
s6 gen holic nhém gen tuong (ng, thudng lam ting hoat dong gen. Ching han,

hormeon estrogen lam tang phién ma cia gen ma hoa Ovalbumin.

3.4. Diéu hoa hoat dong va biéu hién gen bing cdc yéu (6 ting cuong hay

bat hoat

Yéu 16 ting cudng hay cdc trinh tv khuéch dai (enhancer), diéu khidn lam
ting biéu hién clia gen. Yéu 16 tang cudng ldn diu tién tim thiy déu tién & virus SV
40 gom nhiéu doan 72 bp 1ap lai nhiéu ldn, c¢6 kha nang ting cudng do ti ban va
phién mi cua bo gen virus nhiéu Kin. Yéu (6 tang cudng ciing tim thiy & 1€ bao nim
men, dong vat cd i, thuc vét c6 thé [am ting tdc d6 phién ma clia mot gen tir 50 -
1000 1an.

Y¢€u 16 bat hoat (silencer), fim thiy & t& bao nim men d6 1a doan 6 262 bp
nim trude hofic sau gen, gdy ngimg qud trinh phién ma.

Dicu hoa hoat dong va biéu hién gen & enkaryote rit phite tap, c6 sit tham gia
cia nhiéu loai enzym, nhiéu nhan (& tic dong, co ché ciia qui trinh ndy cdn chua

dugc hiéu biét ddy do.
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VI. CAU TRUC CUA BO GEN

B6 gen (genome) 14 tap hop tit ¢ cic gen bao gdm ci DNA via RNA trong t&
biio, bao gdm cic gen nhan (gen nim trén nhidm sic thé) va cic gen ngoai nhin (cic
gen cla ti the, lap thé vd gen tén plasmid...). Bé gen mang todn bd thong tin di
truyén dic trung cta cd thé va ciia loai.

B0 gen cua virus, bacteriophage va cdc sinh vit prokaryote ¢6 ciu triic don
gian, chia thinh nhiéu nhém tuy theo vat chit di truyén 1a DNA soi kép, DNA soi
don holic RNA. Bo gen clia sinh vit eukaryote rét Ién, ¢6 ciu trisc phic tap gom
nhiéu nhém DNA khéc nhau tap trung trong cic cfu tric dic biét la nhiém sic thé.
B gen cou sinh vat enkaryvore ciu tao tit cic phan tr DNA xodn kép cd ciu tric

phitc tap gom mot 6 loai DNA dic tring.
1. DNA Lip lai

Nhém DNA lip lai nhieu chiém khodng 8% - 10% 16ng lwong DNA ciia 16
bio, thudng 1a cic doan DNA ngin dudi 10 bp, mic do 1ip lai o6 thé 6i (0° - 10
mot trinh tr DNA ndo dé trong mot € bio. DNA lap lai nhiéu nim quach tam
dong vit hai dau nhiém sic thé, khong dwoc phién ma.

Nhom DNA 1ap lai it chiém khoang 20% -25%, thuong 1a cdc doan DNA
ngan khoing 100 bp, mc do lap lai mot trinh tr ndo dé tir 1000 14n dén 100,000
lin. Nhém nay bao gém cic gen chiu trich nhiém téng hop tRNA va rRNA. DNA
nhém niy duge phién mé, nhung khéng dioe dich mi.

Nhém DNA khong 1ap lai chi€ém khing 65% - 70%, bao g6m DNA ciia cdc
gen ¢éu trie mi hod cdc phan tir protein, DNA niy duge phién ma vi dich ma.

Vidu, bd gen ngurdi ¢6 64% DNA khong lip lai, 25% DNA lap lai it va
khodng 10% DNA [ip lai nhidu; bo gen cua éch xanh (green frog) chi ¢6 22% DNA
khoag Hip lai, 67% DNA lap lai it vi khodng 9% DNA lip tai nhiéu.

Cic doan DNA Hip lai c6 thé c]ﬂ 12 mot trinh tw nio d6, hoiic mot doan ciu

triic cha gen duoc 1ap lai. Chang han, gen mi hod rRNA lap lai 450 1an & éch
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Xenopus levis, 160 - 200 1an & ngudi, khoang 3900 1an ¢ dau vudn, gen ma hod

histon 1ap lai trén 100 ldn & rudl gidm, lap lai tir 5 -20 lan trong bo gen ngudi.
2. Cac yéu to di truyén van dong TGE va gen nhay

Bo gen ¢6 thé bi bién déi vé cdu tric hoic trat tu sip xép ctia DNA do bi
dot bién, do cdc yéu t6 di truyén van dong TGE (transposable genetics elements) vi
cdc gen nhay ((Transposon - Tn). TGE duoc phdt hién lin dau tién 1950 boi
Barbara Mc Clinlock khi ngh'én citu cdc gen chi phai su hinh thanh sic t6 do ¢ hat
ngo (giai Nobel 4983).

C6 nhiéu loai TGE khdc nhau, loai don gian nhit la cic doan xen IS
(insertion sequencer). IS 1a nhiing doan DNA ¢6 trinh tu dic hiéu, c6 thé gin xen
vao mot s6 vi tri ndo dé trong gen gy nén su bién doi di truyén. Khi cdc IS tich
khoi cdc vi tri gin xen, su bién déi di truyén mat di, bo gen lai tr& lai trang thdi

binh thudng.

IR IS,
24 720 24

Hinh 2.39. Ciu tric doan xen IS,.

Ciu tric doan xen IS giéng nhau ¢ céc loai sinh vit, cdc doan IS thuong.
gin v6i mot gen nao d6 tao nén cdic gen nhay (Tn). Vi khudn E. coli ¢6 doan xen
IS, dai 720 bp nim gitta 2 doan lap ddo ngugc dai 24 bp (IR - inverted repeats).

Gen nhay- transposon (Tn) 1a cdc doan DNA ¢6 trinh tu dic trung, c6 thé
nhay tir gen nay dén ger khic, tir bd gen nay dén bo gen khic tao nén su sdp xép lai
cdc gen. Tan s6 gin cua cdc Tn vao bo gen khodng 10 - 10 7, tan s6 tich ra khoi

bo gen ctia Tn 1a 10 °- 10 "°.

IS, 720bp Tn1681 552bp |IS, 720bp

Hinh 2.40. So d6 gen nhay Tn 1681 6 E. coli .
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Cic gen nhay thudong gin .véri doan xen IS tao thanh phiic hgp Tn - IS. Phiic
hop Tn- IS ¢6 thé chuyén vi tri tir doan nay sang doan khic ciia nhiém sic thé, tir
nhiém sic thé ndy sang nhiém sic thé khic. O E. coli gen nhay Tn1681 dai 552 bp,
mad hod protein doc t6 gay tiéu chay va kha niang chiu nhiét. Gen nhay Tn1681 nim
gitta hai IS, c¢6 do dai 720 bp. Gen nhay c6 thé phét hién qua kiéu hinh, c6 chiic
nang nhu cdc gen. Poan xen la cic doan DNA ¢6 cu tric giéng nhau, khéng c6

kha nang ton tai doc 1ap, chi ton tai khi gdn véi nhiém sic thé hoic plasmid,

Tn
y v >3 >3
il el - I
A }
‘ 9bp
Tn
5 3
¥ 5"
— L1111 —4
3 <l PRI
» 5‘ —
& g AL
5‘

Tn ¢
- -
‘—‘w@- e

Doan I&p ciing chiéu d3i 9bp

Hinh 2.41. So d6 gen nhay (Tn) gan vao bo gen.
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Mot 0 gen khing chfit khdng sinh & vi khudn la cic transposon, ¢6 thé

~nhay tir plasmid nay sang plasmid khac. Céc transposon cén dén cdc doan xen IS dé
di chuyén. Vitri gin cua gen nhdy vao gen goi [a diém dich (target sequences). Tai
diém dich c6 mot vét ciit zigzag gidng nhu kiéu cit DNA cia enzyme gidi han,
transposon nhdy vio gifta, hai dau duge gin lai theo nguyén tic bé sung. Két qua &
hai diu cua transposon tao nén 2 doan lip ciing chiéu (direct repeats), cic doun lip
cung chiéu gitip cho bd gen tré lai trang thai binh thudng ban diu khi gen nhiy tich

khoi vi tri gin xen trén bé gen.
3. Sur phan hoa cac gen trong bo gen coa eukaryote

Mbi loai t€ bao, méi t6 chiic cia co thé cé chic ning khic nhau do hoat

g, di

dong vit biéu hién gen khdc nhau. Hoat déng clia cic gen ¢6 tinh dic tnm ,
Eilalal vl O A Pl = . =

truyén va on dinh 12 do ¢6 sy biét hod cic gen. Ciing mot gen gidng nhau & cic 1€
bio khic nhau trong co thé, ¢é chifc ning vd hoat dong khac nhau do su biét hod
cia cdc gen. Hoat dong vi biéu hién cia cdc gen khdc nhau tuy theo giai doan phit
trién cila co the, loai mé trong co thé, diéu kién sinh ly. Vi dy, phoi ga ¢6 hai gen
globin hoat dong khdc nhau theo giai doan phit wrién, gen B, globin hoat déng
phién mi & giai doan phoi 5 ngdy tudi, gen 3, globin hoat dong phién ma & giai
doan phoi 14 ngly tuai.

Maéi to chic hodc t€ bio duge biét hod déu ¢é sin pham protein dic tring
rigng, biéu thi mic biéu hién khdc nhau coa cdc gen, t& bio héng ciu ¢é

hemoglobin, t& bio tuy c6 protease, t¢ bao niio ¢6 neuropeptit...
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Vi smh vat 1a n goi chung chi cdc sinh vit nhé bé, ¢ ciu tao vi dic diém
hinh théi thay 6 khi quan sdt dudi kinh hién vi. Vi sinh vt buo gém cdc nhém: virns
L nhitng thé s6ng chum ¢6 ciu tao & bao, prokarvote - vi khudn, xa khudn v vi nam
13 dung sinh vat trung gian gitta prokaryote va ewkaryote. Ndm men dai dién ciia
cukaryote, vi tao, dong vat nguyén sinh do cé kich thude nhé, duoc x€p chung vio
nhém i sinh vat, Chuong 3 nghién citu die diém cau tric bo gen, co ché chuyén vit

chit di truyén ctia virus, vi khuin v vi nam.
A. DI TRUYEN HOC VIRUS

Virus 1 dang séng don gidn  chua ¢6 ciu tyo 1€ bio, ciu tao ngodi la v
protein bén trong 14 187 acid nucleic. Virus séng ki sinh bit bude trong (& bio séng
clia moi sinh vit (vi khuén, dong vat va thuc vat). Virus ki sinh vi khuin goi |a thue
khudn thé - bacteriophage viét tit 1a phage. Khi xam nhiém t& bio vit chn, phin 18i
cua virus duge dva vio t€ bao vat chi, phin vé protein ndm bén ngodi & bio khong
tham gia qud trinh tdi ban cta virus. Bo gen cla virus trong 1€ bio vat chit su dung
cdc co quan cla t€ bao vit chil tong hop cdc enzym diic trung, ti bin bd gen tao nén

cde virus moi.
I. PAC PIEM CAU TAO BO GEN CUA VIRUS

Virus ¢6 nhi¢n hinh dang khic nhau hinh que, hinh cdu, hinh da dién ...
Dang hiuh que thudng gap & cdc virus giy bénh dém thuse 1d (TMV), virus £ay Xoin

14 khoat tiy, ¢a chua... Adenovirus ¢6 hinh da dién nhiéu mat, virus ki sinh vi khuin
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¢6 phan ddu hinh da dién nhiéu mat, phan duéi hinh tru. Kich thudc virus rit khic
nhau, virus gy bénh 16 mém long méng (FMDV) hinh cdu dudng kinh 28nm, virus

gay bénh viém gan B 6 nguoi (HBV) duong kinh 42nm...

Phén vo virus (capsid) ciu tao boi cdc capsom, méi capsom do mét s6 phan
tlr protein tao nén. Cac virus khdc nhau ¢6 s6 lugng capsom khdc nhau, virus dém
thuée 14 (TMV) ¢6 vé capsid gom hon 1000 capsom tao thanh dang hinh que. Phan
vo virus la nhan t6 kich thich cdc t€ bao bi xam nhiém san sinh cdc khéng thé, chéng
lai sy xam nhiém cua virus. Virus c6 thé ¢6 nhiéu 16p vé khdc nhau. Bén trong vo
capsid ¢6 vo trong, bén ngoai c6 vo lipoprotein. Céc virus khdc nhau ¢6 hé théng gen
ma hod protein vo virus khdc nhau, virus 16 mém long méng (FMDV) c6 3 gen vp,,
Vvp», vp; md hod 3 dang protein vo khac nhau. Hiéu biét vé cdu triic phan vo virus, céc
gen ma hod protein vo virus 1 co s6 dé sdn xudt cdc vaccin bang k¥ thuat gen nhu
vaccin chéng bénh 16 mém long méng & gia stic, vaccin viém gan B va nhiéu vaccin

khdc dugce san xuat nho cong nghé DNA tdi t6 hop.

Enzym

phién ma

ki
-

[
-
u*-.
o

Gat lipoprotemn M s

5ol
- >
Vomgodi — 9t

g’ “
L

-»..
i3

Hinh 3.1. Cau tric virus HIV.
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Phan 16i ctia virus céu tao tir DNA hodc RNA. Virus DNA gém virus DNA
mach kép nhu virus dai, virus dau mua, virus Herpes, virus Papilla gay ung thu phéi,

ung thu tir cung, phage T,... va virus DNA mach don nhu phage ¢X 174, phage M, ..

biu

A ——— DNA

Duoi

Gai duoi

Hinh 3.2. Ciu tao phage T,, T, .

Virus RNA gém nhiéu loai virus gay bénh ngudi, dong vat, thuc vat nhu virus
HIV (Human Immuno - deficiency Virus), FMDV (Foot and Mouth Disease Virus),
cdc virus gay bénh quai bi, ciim , s6i....thuéc nhém Pf:r'(fni_);.x'OIPEr‘:fa‘. Nhiéu loai virus
gay ung thu clia ngudi va dong vat.

Nhém virus  gay ung thu gom EBV (Epstein Barr Virus) gay ung thu vom
hong, Hepatic B (HBV) gy ung thu gan, virus Papilloma giy ung thu co, HTLV
(Human T cell Lymph tropic Virus) giy ung thu mdu, ngodi ra ung thu vi, ung thu

dai trang, ung thu gidp trang c6 thé do virus gay nén. Virus gay ung thu c6 bon nhém
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gen gobm gen gag tao khing nguyén dic hiéu, gen pol tao enzym phién ma ngugc, gen

env tao vo protein va gen oncogen (src, ras) giy cic khéi u (sarcoma).

Gidi han tréi

Promoter sém il 3
0,3 Nhém gen
0,7 - Protein kinase , ma hod protein sém
10 B=
1,1
Promoter TTE DNA ligase =
2,0 [ RNA polymerase khong hoat dong
3,0 Endonuclease )
3,5 3 Lysozyme Nhém gen
)| m a hod protein cin
40 I:’ Helicase, primase cho tdi ban DNA
50 DNA polymerase
Promoter 6,0 Exonuclease
J
8,0 D Protein cua phin diu phage
9,0 Lip rép protein diu
10 )
Promoter Nhém gen
11 Protein duoi ma hod su chin
12 Protein duoi cua phage
Promoter
13 Protein diu
14 Protein déu
15 E Protein diu >
16 Protein ddu
Promoter
17 Protein duoi
18 Su chin

19 D Su chin ¥,

Gi6i han phai

Hinh 3.3. So d6 b gen cua phage T,.
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Bo gen phage T, 1a phan tir DNA xoan kép gébm 39.936 cip base, cic gen cta
phage T, gom 7 ﬁl‘omoler chia lam ba nhém gen: ma hod protein sém, protein trung
binh va protein muén. Protein sém dugc t6ng hop 4 - 8 phiit sau khi phage xam
nhiém vao t€ bao, protein trung binh dugc téng hop sau 6 phiit phage xam nhiém vio
t€ bao, protein muén duge téng hop khodng 6 phiit trusc khi t€ bao bi phage phan
gidi. Protein muon la protein tao céu triic vo virus va cdc enzym cho su ldp rép virus,
protein trung binh tao cdc enzym cho su tdi ban gen virus con protein sém tao enzym

phién mi nguoc va cic enzym hoat hod phién ma.

N
ar, B, it
,” o O @
oy ') , ity )\ *r
A / Pre \ \'\\
Xis
o n m) Nul

B% genphage lamda 48.502 nucleond

Cée

dau

Céc gen ting hop phin dusi
Hinh 3.4. B6 gen cua phage A dang vong.

Bo gen ciia phage A c6 kich thudc 48502 bp chia Jam bén nhém gen: nhém

gen mé hod cdc enzym ctia chu trinh sinh tan hodc gay déc, nhém gen tii ban DNA,
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nhom gen mi hod cic thanh phan ciu tao ctia ddu vi nhém gen chiu tréch nhiém 16ng
hop cdc thanh phan cdu tao cba phan dudi.

Phage T, gébm 160 gen & dang mach thang, ¢ 120 gen di 13 chic nang. Céc
gen cua phage T, md hod khoing 20 loai protein khic nhau, gém protein sém vi
protein trung binh 1a cdc dang enzym gitip cho tai ban DNA phage, protein mudn
tham gia cau tac vo cita phan ddu va phin dubi cia phage. Cac phin ddu va dubi cla
phage T, dugc hinh thanh ¢ cdc vi tri khidc nhau trong t€ bao chi, DNA ciia phage
duogc déng gdi trong phin ddu, sau dé gan véi dudi tad thanh cic virion.

Viroid cdu tao tit cic phan (it RNA mach don trén, kich thuée khodng 250 -
350 ribonucleotid, cé cau triic cudn tao cdc doan bit cip mach kép, khong cé vo
protein. Viroid 1a mét dang s6ng nho bé va réit don gidn, ki sinh, gay bénh & thuc vat.
Co ché tén tai v lay nhiém cla cdc viroid chua duge hiéu biét day du.

Prion [4 tén goi moét dang protein tich tu trong nio (Proteinaceous infectious
particles). Prion khong mang théng tin di truyén, gy bénh nio & ngudi (Bénh
Certificd-Jacob) va & dong vat (bénh bo dién)...Prion duge Stanley B. Prusiner phit
hién nim 1982, giai Nobel vé Y hoc 1997). C6 gid thuyét cho ring prion do su tu tii
bin ciia mgt s6 phan tir protein ditc hiéu, su t6a tai va lay nhiém cta prion chua dugc

hiéu biét day du.
I. CHU TRINH LAY NHIEM CUA VIRUS

1. Chu trinh lay nhiém ca virus tan (Lyric cycle)

Virus doc (virulent) khi xam nhiém t& bio vt chi thyc hién qua trinh tdi
ban, pha v t& bao va lay nhiém cic t& bio khic.

Virus doc xim nhiém t€ bao, phén 181 acid nucleic cta virus duge dua vio
trong 1¢ bio, phin vo protein nim ngodi &€ bao. Bo gen virus st dung hé enzym va
ciic bao quan cha t& bio chil téng hop cdc thanh phan ctia virus.

Ciéc gen mi hod protein enzym, protein vo virus duge dich mi nhd ribosom

clia t& bio chn, cdc thanh phin vo virus hinh thanh trong t& bio chat cia t€ bio chi.
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Phan 16i DNA hoac RNA virus tdi ban trong nhan t€ bao chi nh& cic enzym virus.

Su ldp ghép v protein v6i 16i acid nucleic thanh cic hat virus goi la virion

Nhan \

T& bao chit

Protein vo Virus

i @; o 7
N W

Hinh 3.5. So d6 xaAm nhiém cua Adenovirus.

Enzym phién ma nguoc

Protein Virus
DNA té bio

'{\\‘?_- e
_______ <)
RNA Virus /

vn-_____@ju /

Provirus

Hinh 3.6. So d6 1ay nhiém cua Rerrovirtts.
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Enzym lysozyme ctia virus phd v t€ bao vat chi gidi phéng virus, cic virus
ti€p tuc xam nhiém cdc t&€ bao khac. Thoi gian virus xam nhiém t&€ bao, dén khi virus
phd v t€ bao chui ra ngoai tir 10 - 30 phiit tuy loai virus, va t& bao chii. Khi phage T,
xam nhiém E. coli, dau tién phién ma tao cic mRNA sém vi-mRNA muén ciia
virus. Cic mRNA sém duge dich md tao cic enzym cén thiét cho hoat dong cia
virus, con mRNA muén dugc dich mi tao cdc thanh phén vo protein virus.

2. Chu trinh lay nhiém cua virus tiém tan (Lysogenic cycle)

Virus tiém tan goi 1a virus 6n hod, cdc virus tiém tan khi xam nhiém t€ bio
chi khéng phd v& t&€ bao chii ngay, bo gen ctia virus (DNA hoiic RNA) dugc gin véi
bo gen t¢& bao chu, cing t6n tai va tdi ban véi bo gen vat chii tao nén tién virus
(provirus, prophage). Phage A Ia virus tiém tan ki sinh t€ bao E. coli. Khi xam nhiém
t€ bao E. coli, DNA phage A dugc dua vao t€ bao n6i thanh dang vong. DNA phage A
tai t6 hop vdi bo gen E. coli tai diém dac hiéu, 1am cho DNA phage A gin vao bo gen

t€ bao E. coli, tao nén cdc tién phage (prophage).

2 —
R

DNA phage L ﬁ

Chu trinh tan (lytis cycle)

DNA E. (M WS /
O
DNA phage A dang vong '\

Chu trinh sinh tan
O (lysogenic cycle) ( ©

i

Prophage
Hinh 3.7. So d6 lay nhiém ctia phage .
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Té bio £. coli chifa prophage goi 13 t€ bao tiém tan. Prophage 16n tai vA 14
ban cling véi sir i bin cua bo gen vi khudn, phin én cic gen cia prophage khong
hoat dong, trit mét 56 it gen md hoi céc enzym iic ché giit cho bo gen phage A gin
vai bo gen £ coll.

Thoi gian t6n tai cta bo gen virus trong t& bio chil khic nhau tuy loai viros,
digu kién moi trudng vi giai doan phiit trién cia 1€ bao chu. Trong mat diéu kién ndo
d6 (cé the 1a tia UV, nhiét do cao, hod chit doc...) bé gen cua virus tich ra khoi bo
gen & bio chu, thye hign qui inh tdi bin bé gen virus, phién ma va dich mi tong
hop cdc thinh phan vo protein va lap ghép thanh cic hat virion, sau mot thdi giun

ngin chuyén thanh virus déc pha v té bao, tiép tuc xam nhiém cic t& bio khic.

11 TAI TO HOP DI TRUYEN CUA VIRUS

Té bio vi khudn bi nhiéu loai phage khic nhau xam nhiém, ¢6 thé Xiy ra tii
t6 hop DNA giita cde loai phage, tao nén cic phage tdi t6 hap. Phage T, ¢6 kiéu dai

(ki€u binh thudng) mang hai gen h* var® vit kiéu dot bicn mang hay gen h' var,
Teé bio £. coli nhiém cic dang phage T, kiéu dai va kidu dot bien, nuéi cily

frén moi trwdmyg thach tao nén cic dang vét tan khic nhau. Gen r™ tao vél (an nho,
gen dot bién 1 190 vét tan 16n. Gen h* 1am tan E. coli dong B khong lam tan £. coli
dong B, vii tao cdc veT tan md, gen dot bign h* gy tan € bio ca hai dong . cofi Bva
B, vii tao cdc vét tan trong. Cdc t€ bio £. coli bj nhiém phage T, kiéu dai (r*h*) wo
vét tan nhd, mo. Cic t€ bo F. coli bi nhiém phage T, kidu dot bign (r' h) tio vét tan

[ém. trong.

Ti¢n haoh thie nghiém gay nhiém & bio vi khudn £. cofi ca hai loui phage
T, kiéu dai va T, kiéu dot bién. Nuéi cily cic € bao E. coli di nhiém phage T, mét
thoi gian trong méi trudmg dinh dudng dang 1ong, réi chuyén sang nudl trén moi
trudng thach. Trén thim vi khudn phit trién phat hién bén dang vét tan, vél tan (ho -
ma, vél tan 16m - md, vét tan nhé - trong vi vét tan 16n - trong. Do tdi 16 hop di truyén
gilta bo gen phage T, kiéu dai v phage T, kidu dot bién, tao nén hat chung phage T,

tii to hop  h* v r* v vit hai ching ban ddu r* h* viy b . Téi (3 hop gitia bo gen
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phage T, kiéu dai va phage T, kiéu dot bién xay ra ngéu nhién, véi tin sé tdi té hop
rat thap.

PhageT; kiéu dai ~ PhageT, kiéu dot bién

&
%

/__'_,_...-——-—-——_\‘\

ON
|

h h* h
;..V__.___/
Phage T, binh thuong Phage T, tdi t6 hop

Hinh 3.8. T4i t6 hop clia phage T, .

IV. TAI BAN VAT CHAT DI TRUYEN CUA VIRUS
1. Tai ban vat chat di truyén cua virus DNA
1.1. Tdi ban vat chat di truyén cua virus DNA xodn kép

Nhiéu loai virus va phage c6 bo gen 1a mot phan tir DNA xoén kép nhur virus
dau mua, virus dai, phage T,, T;, phage A... B0 gen ctia cdc loai virus va phage thudc

nhém nay tdi ban DNA theo co ché bdn bao thi, kiéu Okazaki.
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Hinh 3.9. So'd6 vi tri sdp xép céc gen trong bo gen phage ¢ X174.

1.2. Tai ban vat chat di truyén cia virus DNA mach don

Phage ¢ X 174 ki sinh trén E. coli ¢6 ciu tao phan vo protein hinh da dién 20
mdt, phén 13i 1a phan tir DNA mot soi don dang vong gém 5386 nucleotid. Bo gen
phage ¢ X 174 mang 9 gen. Khung doc mi khéc nhau, tao cdc gen ¢6 vi tri trum lén
nhau: gen B it hon gen A 85 nucleotid nim gon niim trong gen A, gen E nim trong
gen D. Cic gen A, B, C va D chi huy tdi bon DNA clia phage, gen E ma hod téng
hop enzym lysozyme lam tan t& bao vi khudn. Cic gen J, F, G va gen H ma hoad cic
protein cdu tao vo phage. Gilta gen A va gen H la gen dém gém 66 nucleotid. Giita
gen F va gen J la gen dém dai 39 nucleotid, giita gen F va gen G la gen dém dai 111

nucleotid.
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o0
@ Dung ban diu
C

CEOO

Soi + oty Dangtdi ban RF,

J‘ \ AR RNA

/ OOOO

Protein vo phage 000~ O

LO00

Hinh 3. 10. Cdc buéc tdi ban gen clia phage ¢ X 174,

Sau khi xam nhiém t& bio £. coli, DNA cua phage ¢ X 174 duwa vio t€ bio
vi khuin dang soi don thing goi La soi duong (+). Soi duong phién mi tao mRNA clla
virus, qui trinh dich mi tao nén protein sém 12 cdc enzym cia virus. Sau d6é nhés cic
“déu dinh” néi thanh véng kin, duge sit dung 1am khuon téng hop mot soi don méi
thea nguyén li Chargaff goi i s¢i 4m () tao nén vong DNA kép goi 1a dang tdi ban
RF, (RF, - Replicating Form). Dang tdi bin RF, sir dung hé enzym virus vi cic bao

quan cua t€ bao £ coli tdi bin tao nén hing loat dang tii ban RF..
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Cic RF, tdi ban tao cdc doan DNA ctia phage mach thang. Vo protein lip rip
v6i 161 DNA tao nén cic phage méi phd v t€ bio, tiép tuc xam nhiém cdc & bao

khic.
RNA polymease

55B

Enzym primase

hX174

Hinh 3. 1. So do tdi ban gen cla phage ¢ X 174.

2. Tai ban vat chat di truyén cua virus RNA

Phan 16n virus gy bénh thue vat nhu virus dém thude 14, xoan 14 khoai tay,
xo0an ld ca chua, va cdc virus khac nhu HIV, FMDV, retrovirus....cé bo gen RNA.
Sau khi xam nhiém RNA ctia virus duoc dua vio t&€ bio chu.

Virus sir dung hé thong enzym phién ma ngugc téng hop mot mach don
cDNA, sau dé tao thanh cDNA xoin kép ciia virus. Phin tir cDNA virus ¢6 thé tdi té
hop véi b gen t& bao chu va gian vio bo gen t&€ bao chii tao nén cic tién virus
(provirus). Té bao chu phan chia, tao nén vo6 s6 provirus. Khi gip mot diéu kién bit
l0i, provirus tdch ra khoi bo gen t€ bao chu thuc hién qud trinh tdi ban RNA, tong hop
protein vo va lip ghép cdc thanh phin cta virus tao thanh céc virion. Sau mot thoi
gian ngan virion chuyén thanh virus trudng thanh, ph4 vé & bao ti€p tuc xam nhiém
cic té bao mai.

Thoi gian provirus ton tai ciing v6i bo gen t€ bao ch 1a thoi gian G bénh. Tuy
timg loai virus va stic dé khing ctia co thé bi virus xam nhiém, thoi gian tén tai cua

provirus trong cic t€ bao khic nhau.
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RNA virus 4 Té bao
iEnzym phién mi nguoc A

Soi DNA bd sung (¢cDNA)

!

DNA xoiin kép dang thing

)

DNA xeiin kép dang vong

v

Giin viio bd gen cila t& bio chi

AN

Tong hop RNA virus  mRNA virus Protein vo

U

Virion ——— § Virus trudéng thanh

Hinh 3.12. So dé xim nhiém v3 t41 ban cua virus RNA.

HIV (Human Immuno - deficiency Virus) chia phan tf RNA gém 9749
ribonucleotid. HIV xam nhiém chii y&u ciic t& bao bach cdu Lympho T,. Virus HIV
gay chét cdc t& bao mién dich, t& bao mang rudt, & bio tuy xuong din dén hoi ching

suy giam mién dich.

B. DI TRUYEN HOC VI KHUAN

I. PAC PIEM CAU TAO BO GEN VI KHUAN

Vi khudn (Bucteria) thuge nhém prokaryote, chua c6 mang nhin phan bi¢t
nhan v6i t€ bio chat. Bo gen cua vi khudn 13 mot phan tr DNA trdn, xodn kép, dang

vong. Kich thudc bo gen ¢6 dé Ién khiic nhau dic trung cho timg lodi nhu: vi khudn
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E. coli by gen gébm 4,7 x  10°bp, vi khudn lao Mycobacterium 3, 2 x 10° bp. Trong
ctng mot ho, cdc loai vi khuin khic nhau ¢6 ciu tric va ty 1é G - C khic nhau. Vi du,
trong ho Mycobacterium loai M. leprae ¢6 G - C chiém 58%, loai M. tuberculosis ty
16 G- C65 %.

Vi khuin ¢6 cic doan xen IS va gen nhdy (Tn), cdc gen nhdy c6 thé nim trén
DNA genom hoic trén cédc plasmid. Vi khuin lao M. ruberculosis ¢6 3 doan xen IS 1a
IS 6110, IS 1081 va IS myco c6 kich thuée khoang 968 dén 1381 bp. Vi khudn E.
coli ¢6 gen nhay Tn 9 dai 1100 bp, mang gen khing chloramphenicol, Tn 1681 mang

gen sinh doc t6 giy bénh tiéu chay...

Transposon (2600 bp)

5: ;—?SODp—-Hi—“DObp—-**(-—:’Sﬂbp“ﬁo >’

e 11 i
3 r 5
Poan l3p 5bp1ST Gen chéng Chlophenicol I$1 Boanlip5bp

Hinh 3.13. Gen nhdy Tn 9 ¢ vi khuan E. coli.

Ngoai cdc gen nam trong nhan t€ bao, vi khuin c¢6 mot s6 gen nam trén
plasmid, ti thé va lap thé. Plasmid cua vi khudn rit da dang, mang cdc gen dic trung
khdc nhau tao nén cde dang plasmid khdc nhau nhu plasmid giéi tinh, plasmid doc t6,

plasmid sinh khiang sinh, plasmid khdng chat khang sinh ...
Vi khudin ¢6 ba phuong thitc chuyén vat chit di truyén chi yéu la bién nap, tai
nap va giao nap.

1L BIEN NAP (TRANSFORMATION)

Bién nap la hién tuong chuyén vat chat di truyén truc tiép tir t€ bao thé cho D
(Donor) sang t& bao thé nhan R (Reception), khong cén su tiép xuc giita hai t€ bao

hodc ¢6 nhan t6 trung gian 1a phage hoic virus.
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1. Thi nghiém bién nap & vi khuian Staphylococcus pneumoniae

Nam 1928, Frederick Griffith tién hanh thi nghiém véi ching vi khudn gay
bénh viém phéi, viém mang ndo (Staphylococcus pneumoniae). S. pneumoniae ¢6 hai
chung khic nhau. Ching S ¢6 vo nhiy chia doc t6, trén moi trudong thach tao cic
khudn lac uét, bong (S - Smooth). Chiing R khéng c6 vé nhiy, khéng ¢ doc t6 trén

moi trudng thach tao khudn lac kho, st si (R - Rough).

DMA bign nap

Thanh t& bao

Mang té bio chét

Enzym DM ase

f%D M& bién nap

T& baobién nap

Hinh 3.14. Co ché bién nap .

Tiém vi khuéin S. pnewmoniae ching S vao chuét lam chuét bi chét, tiém
ching R chuét vin séng; khi dun néng ching S réi tiém, chudt vin séng. Tron ching
S di dun néng v6i ching R con song tiém vao chudt lam chudt bi chét. Lay midu
chuot chét, dem phan tich thily c¢6 hai loai vi khudn R va S con séng. Thi nghiém

chiing t6 dd ¢6 mot yéu 16 tir vi khudn chiing S da chét duoc chuyén sang vi khuin
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chung R séng, tao nén cic t¢ bao ching R mang gen hinh thinh vé nhay, ¢6 kha ning
hinh thinh vo nhay. cd doc to giy bénh Jam chudt bi chét, yéu t& ndy goi 1a nhin to
bi¢n nap. Nam 1944 Avery vi McLeod ching minh nhin bién nap 1a DNA.

Bi¢n nap & vi khudn S. pretmoniae 12 bién nap uf nhién, rat it xay ra, tin s6
bi¢n nap ty nhién rit thap. Hiéu biét co ¢h€ bign nap, ngudi ta chit déng tao bien nap
nhan tao. Sir dung séc nhiét, xung dién, sing bin gen... gay bién nap nhan tao ducc
ing dung rong 1dii trong chuyén gen & dong vat, thurc vat va vi sinh vat,

Trén bé gen cha té baoe vi khuian ¢é mot s6 diém dac hiéu cho gin cic DNA
la (DNA bi¢n nap) goi 12 diém hip thu (uptake site). S8 Iugng diém hap thu khic
nhau & cic t&€ bio thudc cic lodi khide nhau. Vi khudn S. preumoniae ¢6 30 - 80
diém hip phu, vi khuiln Hemophilus influenzae ¢6 khoang 600 diém hap phu dai véi
DNA cua vi khodn ciing lodi v 4 - 8 diém hip phu déi véi cac DNA khic loai.

Hiéu qua bién nap phu thude vao nhiéu nhan 8 nhu kich thuée doan DNA
trong déng giira ¢ bio thé cho va & bdo thé nhin, him luong DNA coa & bao thé
cho (DNA bién nap), s& luong diém thu thé trén ming t&€ bio (receptor sites), &
hrong di¢m hap thu {uptake sites) trén bo gen t& bio thé nhan...

Kich thuéc DNA bi¢n nap cang nhd, hiéu qud bién nap cing cao. Kich thude
DNA bién nap thich hop cho cic & bio vi khuan bing khoang 1/200 kich thude bo
gen vi khudn. Hi¢u qui bién nap phy thudc vao s6 lugng s lwgng diém hap phu,
néug do DNA bién nap. vi mic do wong dong gitta DNA bién nap véi DNA (€ bao
nhin. 86 lugng té¢ bao duge bicn nap lic daw tang ty 18 thuin véi ndng do, kich thude
thich hop clia DNA bién nap va s6 luong diém thu thé trén ming t€ bio, sau dé giam

dan.

2. Co ché bién nap

Bién nap ¢ vi khudn gém ba giai doun: xam nhdp cfia DNA bién nap vao t¢
blio thé nhan, bit cip cdc doan tueng dong gitta DNA bién nap va DNA thé nhan, tii

bin DNA bién nap trong t¢ biao nhan. DNA bién nap ¢6 kich thude thich hop, cé thé

qua mang viio trong t€ bio tai nhiing diém thu thé trén mang 1€ bao nhan,
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Trong t& bao nhan mét mach DNA bién nap bi phan huy bdi cic enzym
nuclease cua t& bao tao thanh céic nucleotid tw do. Mach DNA bién nap con lai bat
cap véi cic doan tuong dong ciia bo gen t&€ bao nhan, qua trinh tdi té6 hgp gitta mach
don DNA bién nap v6i DNA cia bd gen t€ bao duge thuc hién, lam cho mach don

DNA bién nap gin véi bo gen t€ bao chu & doan tuong dong.

Mot machDNA chung S
bi phan huy

\\ B
T
N\ ROOXYN\/S
DNA chung S
—» —p Ly
Tii t6 hop DNA ching S
Maing t€ bao thé nhan  DNA ching R v6i DNA ching R

Hinh 3.15. So d6 co ché bién nap & vi khuan S. pneumoniae.

Khi t€ bao phan chia, bo gen té€ bao va doan DNA bién nap dugc tai ban, lam

cho t&€ bao nhan ¢6 cdc dac diém méi do gen clia doan DNA bién nap ma hod.

II1. TAI NAP (TRANSDUCTION)

Tai nap 1a hién tuong chuyén vat chat di truyén tir thé cho (D) sang thé nhan I
qua nhén t6 trung gian la virus, gébm hai loai tai nap 1a tai nap chung va tai nap dic

hiéu.
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1. Tai nap chung

Nim 1952, M. Zinder vii J. Lederberg tién hanh thi nghiém véi vi khudn

Sabmonella typhlisrin,

S.tvplinnriin LA, S oyphimurinon LA,

{Phe”, Trp" (Phe’, Trp)

Ming ngitn vi khuan

Hinh 3.16. So do thi nghiém Lederberg va Zinder.

Trong oug thuy tinh hinh chit U ¢6 mang ngan vi khuin (vi khuin khong
chui qua duge). Nhinh thi nhiit nuai chang S. rypfiimuring LA2 binh thudng (Phe”,
Trp*), ¢6 kha ning tong hop acid amin phenylalanin va tryptophan. Nhinh thii haj
nuoi chung dot bien L.A22, khong ¢ khit nang t6ng hop acid amin phenylalanin va
tryptophan (Phe’, Trp’). Sau mét thoi gian nuoi ciy chung, lay mét it dich nuoi ciy 6
nhdnh nudt ching dot bien LA22. dem nuéi ciy ¢ méi trudmg (61 thicu (khong ¢6
tryptophan}. C6 mot s6 1€ bio phit tridn duge & moi trudng 61 thiéu, nhur viy dd ¢d
cdc t¢ bdo LA22 (Phe’, Trp) bién thanh LA2 (Phe*, Trp*). Kiém tra dich nuéi ciy o
ong thuy tinh hinh chit U ¢6 phage P, ching 6 phage P, di lhm chuyén cic gen mi

hod téng hop phenylalanin vA tryptophan tit chung LA2 sang LA22.
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Dilu tién, ¢6 sy tdi 6 hop di truyén giita bo gen phage P, v6i bo gen vi khuin
Salmonella typhinmrimn chang LA2, ¢ khd ndng tong hgp phenylalanin va
tryptophan tao nén cic phage P, tdi 6 hgp mang gen mi hod kha nang téng hop
phenylalanin v tryptophan. Phage P, tdi 16 hop chui qua méng loc vi khufin xam
nhiém vao 1€ bio Sulmonelia tvplinmerinn chung LA22. Tai 16 hop lan (hir 2 1am cho
gen mi hod tong hop phenylalanin v tryptophan duge chuyén tir LA2 (Phe®, Tip)
sung LA22 (Phe’, Trp), lam cho chiung LA22 ¢6 gen Phe®, Trp* 6 thé phiit trién
duge ¢ moi trudng 16i thiéu khong 6 phenylalanin va tryptophan. Hién tuong virus
{(hoiic) phage ¢d the chuyén mot gen bt ki tlr t& bio thé cho (D) sang 1€ bio thé nhin
(R) got 1a 1di nap chung.

2. T'ai nap dic hi¢u

Tai nap dac hiéu 1a hién tuong virus (hoiic) phage chi chuyén mot s6 gen dic
hi¢u nhat dinh, tir 1€ blo thé cho (D) sang t& bio thé nhan (R). Tai nap dac hiéu giita
cic chung £. cofi nho phage A dii duge nghién ciu k.

Phage 7 ¢6 bo gen i DNA xodn kép, dang lhfmé. khoing 48.502 bp. Khi
xam nhiém vio (€ ble vi khudn, nhe cée trinh tr cos DNA cta phage A nai lai thanh
dang vong. DNA cua phage X ¢6 thé tdi ban, hoiic gin v6i DNA coa vi khuin . coff
tao thinh dang tién phage {prophage). DNA dang vong ctia phage A ¢6 thé tdi t6 hgp
véi DNA cta vi khuin ¢ mot diém dic hi¢u ndm giita gen gal * (gen md hod enzym
thuy phan dutmg galactoza) vii gen bio * (gen téng hop biotin) tao thinh prophage.

Khi prophage tich ra khéi DNA vi khuin, thudng mang theo mot doan DNA
cia vi khudn la doan 6 chia gen gal *. Sau khi tich khdi bo gen vi khudn £. coli tao
nén dang tdi ban mang gen gal*. Sau t4i han tyo nén the hé¢ phage 2 con déu ¢6 chiia
geu gal *. Cic phage L con xam nhiém vi khuiin £. coli khéng ¢é kha ning thuy phin
duting galactoza {(gal B 6 sit trao doi doan gifta phage & gal* véi bo gen cha vi

khuin £. coli (gal ) lam cho gen gal * duge gin 1rd lai vio bo gen vi khuin. Hicn
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tugng phuge A chi chuyén dic hiéu gen gal™ tir & bao cho sang t€ bao nhan duge goi

12 tai nap dic hiéu,

DNA Phage x‘@; DNA ciia £. coli
Gal* gen

v

DNA phage & @ © — < ¢'{.
dang vong

Tii 16 hgp DNA Phage A
vai DNA coa E. coli

DNA phuge & ¢6 Gal’ gen
@ © E. coli Gal~

phage * ¢ Gal*

% E. coli Gal
Phage Gal”

Hinh 3.17. Tai nap dic hiéu & phage A.
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IV. GIAO NAP (CONJUGATION)

1. Khai niém giao nap va dot bién khuyét duing

Hi¢én tigng giao nap (con goi 13 tiép hap) duoe J. Lederberg viv E. Tatum
phdt hign 1946. Giao nap 1a hién tgng truyén vt chit di truyén tir vi khuin thé cho
(D) sang vi khuan thé nhin (R} thang qua g giao nap.

Dot bien khuyét dudng 14 nhiing dot hién vé mit dinh dudng, 190 nén cic
ching vi khuin khong ¢6 kha nang sit dung hoiic téng hop mot chit nio dé. Cic
chung vi khuin mang dot bién khuyét dudng chi phit trién  duoc trong méi trutmg
cd ddy di cde nhan 6 dinh dudug can thigt. Méi truong ¢é b sung cic chat dinh
duding ciin thiet, dam bio su phdt trién cia cdc the dot bign khuyét dudng. goi i moi
trudng chon loc. Vidu & vi khuin £. coli ¢6 ching dot bien Met” chi phit trién dugc
trén moi truding ¢d bd sung thém methionin, dét bign Lac™ chi phat trién duge & moi
rudng c6 bo sung dudng lactose. Tin s6 dot bién tic dang binh thudng (1o thanh thé

dot bicn khuyét duémg khodng 10 °.
2. Co ché giao nap
2.1, Nhan t6 gidi tinh va giao nap giiia t¢ bao E. coli F* vi té'bao F~

Hhén tong givo ngp & vi khuin £, coli duge nghién ciu tuong dai diy da. Vi
khudn £. coli ¢6 hai nhém phan chia theo nhan 16 gist tinh F (Fertility). T& biio ¢6
nhin 16 gidi tinh F goi 1a t&¢ bao F*, ¢ bio khéng ¢é nhin t6 gidi tinh 1a F. Nhan t6
gidi tinh I 1a mot loai plasmid giGi tinh cua t&¢ bao £ coli, Ta mot phantir DNA kép
dung vong khaxing 10.000 - 100.000 bp.

Nhan t6 gisi tinh mang cic gen qui dinh sy hinh thinh éng givo nap vii cdc
gai gidi tinh 1am cho té bio F* ¢6 mot s6 long tiém mao xung quanh. Trong cling moi
trudmg nudi cay dang léng, & diéu kién thich hop hai t& bio E. coli tiep can véi nhau,
ong gino nap duge hinh thanh néi t& bao cho F* va t& bio nhan F . Té bao E. coli F*

¢4 sw cat voug DNA ciia nhan 8 gidi tinh (plasmid gigi tinh) tai diém ori (origin
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replication), mét mach don DNA cua plasmid theo ong giao nap chus sang 1€ bao F ™.
M0i 1& bio F " va I~ chi ¢6 mét mach don ciia DNA plasmid, ngay sau dé mach don
bé xung duge tong hop. thainh mach kép dang vong. Két qua, t& bao £. coli F

chuyén thinh té bao E. coli F*.

Plasgnid ~ Gaj gidi tinh 6ug giao nyp
O
O~ © +HO
FI F_ ]’:' F_
v
. Oy
O 9 O
F F

Hinh 3.18. S d6 giao nap gitaté bao E coli F*vaté bio £ coli F .

2.2. Giao nap o E. coli chiing Hfr

Mot s6 vi khuin E. coli ¢6 sy trao ddi chéo, tiii 16 hop giita plasmid gidi tinh
F véi bo gen,  tao nén cde chung ¢é plasmid gidi tinh F dinh véi vong DNA ciia 1€
bio goi 12 episom. Vi khudn E. eofi c6 episom goi 1 chimg 1Ifr (high frequency
recombination - tan s tii to hop cao). Cic chimg Hfr ¢6 thé chuyén nhin t& gidgi tinh
F, vl mot phiin DNA cia € bao vi khuan thé cho F * sang 1€ bao vi khudn thé nhin
théng qua dug giae nap.

Khi ong giao nap hinh thanh néi hai t& bao véi nhau, & t&€ bio F * xay ra dit

vong DNA tai diém ori (origin replication) clia episome, hai mach don DNA tich rén
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nhau mot mach don theo 6ng giao nap chui sang t€ bao F *, bit déu tir cic gen cia

nhan t6 F ti€p dén cdc gen cua vi khudn thé cho.

Ori

B gen E.coli

Hinh 3.19. Episom ¢ t€ bao vi khuén E. coli.

S5 ©F

Té bao F* Té bao Hfr (episome) TébaoF-

Té& bao Hfr TébaoF-
Vit chiit di truyén tir t€ bao Hfr
chuyén sang t€ bao F ~

Hinh 3.20. So dé giao nap cta E. coli ching Hfr.



CO SG DI TRUYEN PHAN TU VA KY THUAT GEN 105

Tuy theo thoi gian giao nap dii hay ngiin, s6 gen duge chuyén i (€ bio thé
cho sang ¢ bao thé nhan nhiéu hay {t. Trong lic mét mach don DNA duogc chuyén
sang t¢ bio F'. ¢ t&€ bao Hfr phan 1 DNA tdi ban theo kiéu vong xoay.

Tt mach don DNA, sy téng hop mach bé sung & cé t& baoao thanh dung
DNA vong kep. Thuong chi cé mot phin nhiém sac thé cla Hfr chuyen sang t& bio F
“nén rit it khi t& bao F -~ ¢6 thé td thimh Hfr. T bio F~nhan duge cdc gen cia nhan
16 gidi tinh F, viimot 6 gen trén nhiém sic (hé cva t€ bio thé cho goi 1a hop tr timg

phan (mezozigote).
2.3. Lap bdn dg gen 6 vi khudn E. coli bing giao nap

- Ding K§ thudt giao nap ngat quing (lam diit Sng giao nap) & timg thoi diém
nhit dinh, ¢4 thé xde dinh s6 luong gen duoc chuyén tir thé cho F * hojc Hfr sang thé
nhiln F . cde két qui thu duge d¢ [ap ban dé gen clia vi khuin £. coll.

Nuoi cie (& bio F "hoic Hfr ciing vdi t€ bio F "6 mai trudng cé diéu kién va
mit d& (¢ blo thich hop, d¢ cdc & bio tiép xtic va giuo nap véi nhau. Sau timg thoi
gian nhit dinh [&y cdc 6ng ¢6 cic € blo dang gino nap, dua vio mdy rung dé tich
riéng cdc 1€ bho va kiém tra kich thude doan DNA tir thé cho (D) di chuyén qua t&
bao nhin (R). Tiep e tam nhu vy, 6 méi thoi diém ¢6 thé xde dinh duge chiéu dii
mach DNA vii 86 lugng gen tir 1€ bao Hfr chuyén qua té biao F . Bing cdc két (i thu
dugre, Iap duge bin d6 gen trén nhiém siic thé tinh bing don vi pht.

Wallman vit F. Jacob 1957 nghién cuu trén £. coli, di 1ap duoe ban d6 gen
trén nhiém sic thé clia £. coli. Cic dng cho t& bio £, coli dong Hfr binh thudng giao
nap véi dong F - mang 7 gen dot bign: F( thr ~leu " azi “ tonA ~lac ~ gal ~ Strf). Trong
dé: dot bien mat khi nang 16ng hop hai acid amin threonin (thr ) vA leucin (leu )
dot bien min cim véi acid (azi), min cim véi phage T, (tonA’); dot bien mit kha
nang thuy phan dusng lactoza (lac 7) vd dudng galactoza (gal ), dot bién bén vitng
vai chit khing sinh streptomycin (Str).

Sau khi cic t€ bio ¢6 hién tuong giao nap, 14y miu & timg thoi gian xdc dinh
cho vio mdy rung réi pha lodng méi truomg dé khong hinh thinh cic giao nap mai.

Két qud thi nghiém, cho thiy cic gen cia nhan 6 gidi tinh F duoc chuyén sang t& biio
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F ~ s6m nhit, sau dé 1& cdc gen thr * vd leu *. Gen man cim véi acid (azi *) duoe
chuyén sang F ~ sau § phut, gen ton A man c¢im véi phage T, duge chuyén sau 10
phit, gen lac * sau {7 phit, gen gal * sau 23 phuit. Thi nghiém dé 10an bdo DNA cla té&

biao . cofi dong Hir chuyén hét sung F~ mat 90 phiit.

C.DITRUYEN VI NAM

Vi ndm 1d nhing sinh vat thude nhém enkarvote, ¢é nhan dién hinh, nhan
phin biét véi t&€ blo chit bdi ming nhin. Vi nim c6 thé sinh sian vo tinh hodc hitu

tiih.

I. CHU TRINH SONG CUA VI NAM

1. Chu trinh song cua nam men Saccharomyces cerevisiae

Nidm men ¢6 hai gidi tinh a va o. T& bao don bdi sinh san nguyén phin bing
cdch ndy choi. Cic 1€ bio dan bdi a vit a0 két hop véi nhau tao thanh @ bio ludng boi
afor. TE bao ludng boi afa & diéu Kién binh thudng, sinh sin nguyén phian bing niy
chai, khi moi truong thidu nguén nite, cic t& bio thue hién qud tinh phan bio giam
phan. Méi t& bio gidm phan hinh thinh mot nang chia bon bao tr don bai, gém i
bdo tr e gidi tinh a v hai bio 1 ¢é giéi tinh a. Cic blo (o khi thodt khoi nang, nidy
choi tao thanh cédc t& bao sinh dudng don boi. Bdn bio ti sip xép ngdu nhién goi 12

bo bon khong xép hing,
2. Chu trinh song cua Neurospora crassa

Newrospora crassa 12 sinh vit don bai, sinh sén dinh dudng bing c¢ich hinh
thinh cdc khuin ty theo co ché nguyén phan. Méi doan khudn ty hay bao tir dinh
(bao tr vé tinh) khi gdp méi trudmg thuan Igi phit trién thinh khuin ty. Cidce vich
ngin & bio gilia cic sgi ¢6 16 cho néi chat viv nhan co thé di chuyén doc theo khudn

ty.
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Neurospora crassa 6 hai giéi tinh A va a, giéi tinh do mot ciip gen alen qui
dinh. Cdc bao tir nang don boi mang hai gi6i tinh khdc nhau A hodc a. Bio tir ¢6 hinh
dang giong rhau méi bao tir mang mot trong 2 gidi tinh A hoic a

-

; ‘:‘

)
N

Hinh 3.21. Sod6 hinh thanh bao tir don boi & nim Neurospora crassa.

Qud trinh sinh san hitu tinh xdy ra khi ¢6 su hop nhéan cua cic nhan ¢6 gidi
tinh khdc nhau. Dong A chi giao phéi duge véi a hoic nguoc lai. Két qua thu tinh,
hinh thanh cdc hop tir ludng boi A/a. Hop tir t6n tai mét thoi gian ngin, phan chia
thanh mot nang hinh 6ng. Trong nang ¢6 hai lan giam phan lién ti€p cho bén nhan
don boi 2A va 2a. Méi nhan nguyén phan lién tiép, tao thinh nang cé 8 bao tir don
boi. Cic bao tir sap xép chinh xdc theo trinh tu phan ly clia bon nhiém sic tir, bit
nguon tir méi bo bén trong pha dau clia giam phan I: AA, AA, aa, aa. Khi cdc bao tir

nang don boi thodt ra khoi nang, ndy mam phat trién thanh cic khudn ty sinh dudng.
IL. PHAN TICH DI TRUYEN BANG GIAM PHAN

Vindm c6 cdu tric di truyén don gidn, nhién ciiu su di truyén mot sé tinh

trang cua vi ndm cho phép tng dung vi nim trong sinh hoc va doi séng ¢6 hiéu qua.
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Cic bio 1 nang cua vi ndm, sau khi tich khéi nang duge thu thip, cho niy mim
riéng (& dé nghién cttu kiéu hinh ctia méi bie tir. Cic bdo tit tuong duong véi cic ci
thé thé he con. Do ban chat don boi cia cdc bio tir, khi phén tich dic diém di truyén
cua cide (hé he don gian hon.

Nghién ciu dic diém miu siic hhuan lac ciia ndm men S cerevisiae, cho thiy
¢6 cap tinh tang miw khudn loe duge xic dinh bdi mat cap gen alen. Gen A hinh
thanl khuiin lac maw triing, gen a hinh 6.Anhk khuiln lac miu do. Ciic bio tir A va bio
tr a két hop tao thanh hop o ludng boi Au. Hop to giam phin, 190 thanh nang ¢6 chifa
bén bio tit don boi. Cit nang, tich riéng timg bio wr dem nuoi cdy. Cic bao 1 ndy
mam tao thanh bén khuin lac, gdm hai khuan lac cé miu tring v hai khodn lac cé
mau do, phit hop vai ty 1€ phan ly 2A: 2a. Xét tat cit cde tinh trang Khiic déu cho kél
qui phin ly tvong .

DGi véi ndim Newrospora crassa, <6 thé dung phuong phip dém s6 luong ciic

(thé don boi vi thé tdi (6 hop & thé hé con. Vidu
CapbdmeP: +++x abc ——p Hoptlr +++/ abc

Hop tir gidm phan tao nén 8 kiéu giao tir, hinh thinh 8 loai bao tir khic
nhau. Két quad giam phén tao nén cic bao tir giong bé me (+++ vi abc), vi cic bao
(T 6 (6 hap (at+, +be, ++c, ab+, a+c, +b+). Day [i cic ¢i thé don boi nén kiéu gen

don boi hodn toan biéu hién ra kiéu hinh.



Chuong 4
CONG NGHE DNA TAI TO HOP

K¥ thudt di truyén (hay ky thuat gen- genetic engineering) 13 thudit ngi
chung che nhi¢u k§ thudt co ban trong nghién citu di truyén phan ti. Thuat ngit
genetie engineering goi 1 cong nghé gen hay k§ thuit gen viin dé cot 16i clia cong
ngh¢ sinh hoc hién din.

Niam 1983 Rudleg vi Seidel néu khdi niém: ky thuat di truyén 1 cic k§ thuit
din dén khi l.l{hll]g bién doi dinh hudng gen, tin s6 kidu gen ctia mat quin thé, hoic
lam ting cin ban khid nang sinh sin cua cd thé dé€ gép phin ning cao vén gen
{(genopol), vi tang s6 lueng hop ur cla quan thé.

K§ thuit gen duge bat diu tr 1977, bao gém cic thao tic ky thuat trén gen,
nhiim diéu chinh vi bién dai gen hoic tao ra cic geI; mdi tit dé tao ra cic co thé méi.
Ky thudt gen bao gom mét s6 k¥ thuat co bin 12 ky thudt DNA tii 16 hop
(recombinant DNA technology). phim lip gen (isolation of gene), chuyén ghép gen’
(transfer of gene), dung hop gen (gene fusion), vi thuo tic gen (gene micro
manipulation)...

DNA tii 16 hop (recombinant DNA) 1a DNA duoc tao ra tir hai hoac nhiéu
nguon vit lieu di truyén khic cheo. Phain it DNA  lai nhau duge ghép ndi 1ir ¢ic
doan DNA cia cdc cd the khic nhau trong lodi. hode cic lodi khic nhau goi 13 DNA
tiii 15 hop.

Thue chit cua eong nghé DNA tii t6 hop 1a (ap hop nhiéu k¥ thuit teén mot
gen hoidc bg gen, cai bign cdu tric cua gen, bé gen tao ra cde gen méi trong bo gen.
Cong nghé DNA (di t6 hop bao gém bdn budc co ban:

- Tich chiet DNA, RNA (phan lip gen- isolation of gen)
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- Tao vecto téi t6 hgp (recombinant DNA bao gém chuin bj cic vecto tich
ddng, st dung enzyme gidi han cdt va noi cic gen).
- Bién nap vecto i 16 hop vio 1€ bao chu vi nhan dong.

- Sing loc, theo ddi hoat dong va biéu hién cla gen.
I. TACH CHIET ACID NUCLEIC

1. ‘Tich chiét DNA cuga vi sinh vat

1.1. Tach chiét DNA tong s6 cua vi khudn

Nuoi vi khudn thu sinh khéi, tao moi trudmg nuéi cdy cé nhicét do, pH va
dieu kién dinh dudng thich hgp dim bido cho vi khuin duge phin chia & giita log
phase ODyy (A = 0,6). Li tam lanh véi t6c do 4000 vong x gr dé thu cin (€ bio,
thuong tw it dich nuéi ey thu 1ay khoang 10ml can vi khuitn.

Phid mang t&¢ bio vi khudn: ¢6 nhiéu cich phi ming t& bio vi khuin khic
nhau, ¢6 thé dong kho ciin vi khudn rdi nghién nhd ciing véi SDS (sodium dodecy!
sunphat), SDS ¢ tic dung 1am v& mang t&€ blo, tich cic phan tit lipid va gidi phong
DNA, hoic nghién ¢iin vi khudn ciing véi EDTA {Etylendiaming tetracetic acid),
EDTA hdp thu ciic ion Mg ** 1am v& thinh 1€ bio, déng thoi itc ché cdc enzym phin
huy DNA. Cé the phi 1€ bio biing cich 0 cin té€ bio vi khuin véi enzym lysozyme G'
nhié¢t do thich hop, dé phan huy mimg 1€ bio vi khudn.

Loai bo protein trong t&¢ bio vi khudin: dich nghién can 1€ baoe vi khuéin duge
u vadi enzym protease K ¢ nhiét do 37 ° Cuong 1 - 2 gidy, thém vioe hén hop phenol
clorophoc {1:1), lic uhe d€ protein k&t 1ha.

Tua DNA: Duag 4/10 thé tich ethanol 100% lanh vé1 1/10 thé tich natri
acetat 3M va 5/10 thé tich dich chiét DNA & - 20°C trong 2 - 3 gio dé tia DNA. Ly
tam lanh t6c do 12. 000 - 14. 000 vong/ phut trong 15 phiit thu tia DNA. Trong ng
ly tam Iép protein tila & giita, 1dp DNA vi RNA trén ciing. Tinh sach dich chiél 6 thé
1dy phin dich chita DNA tiép tuc Jam nhu trén 2-3 1an, sau d6 0 véi enzym RNase dé

tinh such DNA. Thu phin tia DNA. rira tha bing ethanol 70%. B¢ tia kho tu nhién
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hodc trong budng siy chuyén dung. hoa tan tia DNA trong 10 ml nude sach, miu cé
thé dem sir dung hoic giir - 20"C trong thai gian 1- 2 thing .
Tich chiét DNA tir cic loai vi sinh vit khic dugce tién hinh theo cic bude

trén, hod chit, dung moi va cic dung dich chiét ¢ thé khic nhau.
1.2. Tdach chiét DNA tir mo, té' bao dong vt va thuc vat

Nguyén tic tich chiét DNA tir mé, t¢ bio dong vat vix thye viit giong nhu
tich chiét DNA cii vi khudn, khong phai nu6i cdy dé thu sinh khéi té bao. Tuy 1ing
loai mau phiam sinh hoc (long, 16¢, thit, tning, méu, nuGe bot...), tuy muc dich nghién
ctru va diéu kién phong thi nghiém ¢6 thé sit dung cic ki thuat tich chict vdi cde loui

hoi chat, dung moi khic nhau.
2. Tach chiét RNA

Tach chiet RNA tong s6 cia vi khuin, 1& bio dong vit, thuc vat gom ciic
buige thue hién nhu tich chiét DNA. Tuy theo dac diém ciu tae khic nhau giita ciic
loai RNA, su dung cdc k¥ thuat tich chiét cic loai RNA khic nhau. Dich chigt sau
khi di 1am sach protein, duge it véi enzym DNase d€ phan huy DNA, gy wia deé
tach chi¢t RNA 16ng s6. V&i mRNA c6 thé duge tich bing sic ky di luc irén cot
oligo T - cellulose. Dita viio citu triie phan tir mRNA o6 dusi poly A ngudi ta ché ra
cdc bd miu thir chuyén dung (kit), sit dung cdc vien bj tit ¢ mang olige T trén bé
mit. Cic mRNA bim vio bé mit cdc vién bi tir qua lién kel b6 sung véi oligo T, sau

dd bing k¥ thudt Ii tam thu lai cdc vién bi vi tich rieng mRNA.

3. Phuong phip dinb tinh, dinh luong acid nucleic

3.1. Phuong phdp do quang phé

Trén nguyén tic sy hip thu dnh sang khic nhau ciia cic bazo nito cia phin
tr DNA mach kép vi much don, ¢é thé xdc dinh ham lugng clia DNA trong dung
dich. Gid tri mat do quang & bude séng 260 nm (ODs, ,, - Optical Density) cta cic
miu DNA cho phép xdc dinh néng do DNA trong dung dich. Mot don vi OD & bude

song 260 nim ky hiéu 1a A, -
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Ao = 1.0 =30 pg/m! DNA soi doi

Asyum = 1.0 =33 ng/ml DNA soi don

A =10 = 40 pe/ml RNA

Khi tich néng dé DNA cén luu ¥ dén hé s6 pha lodng cia dich chiél. Cong
thie tinh chung: C . (ng/ml) = A 0 x 50 x (D0 pha lofing)

Vi du. dich chiét DNA mach kép 6 gid tri A 4., = 0,7 nghia 1a dung dich
cé nong do DNA {4 G,y = 0,7 x 50 = 35ug/ ml. Giid ui C Ly, xde dinh ding khi dich
chiét DNA, RNA di tinh sach. D& kiém tra do sach clia dung dich DNA, thudmg do
14 tri Asg - Do protein ©6 phd hip thy cac nhit & bude séng 280 nm, déng thoi hip
thu 0 bude s6ng 260 nm giy nén sy sai 1éch khi tinh néng do cha acid nucleic. Dé
dam bao chinh xde ndng do Cp 4 ngudl ta sie dung gid tri Asg, w/Asio e - Khi gid tr

Ay ond Ao = 1.8+ 2,0 dich ¢chiét DNA duoc coi 1a tinh sach.
3.2. Phuong phdp dién di

Acid nuclete 1d cée dat phin e tich dién am, trong dién trudng ¢d dién thé vi
cudng do thich hop, cic phin tir DNA, RNA di chuyén vé phia cuc duong cia dicu
trudng. Tuy theo muc dich nghién ctiu v kich thude cic doan gen ¢in phan tich, cin
chon moi wrudng, néng d6 gel pho hop. C6 nhiéu phuong phip dién di khic nhau

duoe su dung trong nghién citu DNA 1a dién di trén gel agar, gel polyacrylamid...

II. VECTO TACIH DONG (cloning vector)

1. Bac diém cua vecto tach dong

Vecto tich dong ¢dn goi 1 phuong tién vin chuyén gen. Vecto tich dong
thuong 1 ede phan wr DNA ¢6 kich thude nha, cho phép ¢ii (gin) cic gen cin thiét,
v ¢6 khi nidng tdi ban khong phu thude vive su phin chia ¢l té blo. Vecto tich ddng
phii ¢é Khi ning ton tai trong 1€ biwr vat chu qua nhiéu the he, it giy bién doi bo gen
cua t& bao vit chu. Cice vects tich dong phii mang cic gen “tin hiéu™” dé oé ding

nhin biét cic t& bilo mang vecto tdi 16 hgp. Vecto tich dong duoge sir dung dé
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khu¢ch dai s6 luong ban sao clia mot gen hay trinh tw DNA nhat dinh, chuyén céc
gen ngoai lai vao t€ bdo hodc san xudt protein véi s& lugng 16n tir cdc gen tach dong.

Dic diém ciin thiét clia céc vecto tach dong:

- Kich thuéc vecto cang nhd cang (6t d€ c6 thé “cai, gin” DNA c6 kich thude
t6i da, kich thudc vecto nhd dé xam nhap vao t€ bao vi khudn va cang duge sao chép
nhanh.

- Vecto tdch dong phii ¢6 cic dac diém cho phép dé dang phat hién, nhan
biét ching trong t& bac vat chii. Thudng cde vecto cé gen khang chat khing sinh hosc
gen téng hop chit mau, dé dang phat hién trén moi trudng thach.

- Vecto tich dong c6 vi tri nhan biét duy nhat cha mot s6 luong t6i da cic
enzym gi6i han.

Tach dong (cloning) nhdim thu nhan m6t gen hay mot trinh tw DNA v&i ham
lirgng 1én & mot dong té bao chil nhit djnh. Thire chét cia tich dong 1a cai gin mot
gen, hay mét trinh tu DNA vio vectd tich ddng tao cic vecto tdi t6 hop, va chuyén
vecto tdi 16 hop vio cdc t€ bao chii. Trong cdc (€ bio chil, cic vecto tii t6 hop duoc
nhin 1én thanh mot 56 luong 16n ban sao cua gen (dean DNA) ban ddu. Mot dong té

bao chita gen cin thiét duge goi 1a tich dong gen hay tao dong gen.
2. Cac loai vecto tich dong

Vecto tich dong (cloning vector) gém nhiéu loai nhu plasmid, phage, cosmid,
phagemid, virus, nhiém sic thé nhén tao cia bao nim men... Méi loai vecto tach
dong c6 nhimg wu diém, nhuoge diém nhét dinh. Tuy thude kich thude cita gen cén

tach dong va dic diém cha loai t€ bao chit dé chon loai vecto tich dong thich hop.
2.1. Vecto tiach dong la plasmid

Plasmid la nhimg phan tr DNA <6 kich thude nho (2 - 5kb) dang vong, nim
trong t& bao chit cha 1¢ bao vi khudn, ndim men... Plasmid cé kha ning tai bin doc
1p, khong phy thuge vio su tdi ban cha bo gen & bao. Mbi t€ bao vi khuan c6
khoing 1- 50 plasmid {trung binh 20 plasmid). Trong méi trudng nuoi ¢y cé chat
khing sinh, s6 Iugng plasmid trong t€ bao tang nhanh. Vi du, nubi cdy vi khuin £,
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coli trong moi trudng bé sung chloramphenicol, s3 lugng plasmid trung binh trong
mot t& bao tir 20 plasmid, tang 1én 3500 - 4000 trong vong 12 gid. Kich thude
plasmid tlr 1- 250 kb. Méi plasmid ¢6 mot s6 it gen, thudng 13 cdc gen c6 hoat tinh
chéng chiit khang sinh, gen sinh déc t6, gen sinh khang sinh, gen giéi tinh... Plasmid
tdi ban theo co ché bdn bdo tha, kiéu Okazaki.

Theo chtic nang va cdc gen trén plasmid, ngudi ta chia plasmid thanh nhiéu
loas khic nhau nhu plasmid gidi tinh (F), plasmid khdng chit khdng sinh (R), plasmid
col (c6 gen mi hoi colicin giét cdc vi khuan khdce). Plasmid phit hién ddu tién & E.
coli ki hi¢u ColET. T cdc plasmid ty nhién da phan lap, cdi tién tao nén nhiéu the hé
plasmid nhan tao khdc nhau, mang nhiéu dic tinh qui, thudn lgi cho ky thuat tich
dong gen.

Plastmid the he thit nhat 1a nhitng plasmid dan tién duge sir dung lam cloning
vecto pSCIO1(Stanley va Cohen, 1973), ColE|{Hershfield va cong su 1974)...

Plasmid the hé thit hai duge tao bang cach tap hop cdce dic tinh qui cha nhidy
plasmid tu nhién, hodc gin thém ciic gen chi thi tao nén mét plasmid mdéi. Dién hinh
cho plasmid the he 2 12 pBR322 (Bolivar va ¢ong su, 1977). Ky hiéu mot plasmid
gom chit dau: p - viét tit chir plasmid, mot hofic hai ba chif tiép theo chi chir diu tén
tic gia hodic tén vi khudn phdt hién plasmid d6, mot chit s6 chi tha tu ching. Vi du,
pBR322 : B - Bolivar, R - Rodriguez 1a tén hai téc gia thugce 2 phang thi nghiém khie
nthau tao nén, 322 chi s6 thit tuw.

Plusmid pBR322 ¢6 kich thuse 4363 bp, mang 2 gen khéng chit khing
sinh Ap® - khdng ampicilin, Te® - khing tetracyclin va 20 vi tri nhan biét cia cic
enzym giGi han (RE - Restriction Enzyme), trong s6 dé 11 vi tri nim trong cic gen
khing chiit khdng sinh. Khi mot gen lu (hodc trinh ty DNA) duge gin tai vi tri cic
gen do, lam mat kha niang khdng chat khéng sinh tuong dng. Plasmid pBR322 c6 khi
ning tii bin cao, cho phép gan doun DNA kich thuée 6 kb vin hoat dong binh

thuong.
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Hinh 4.1. Plasmid pBR322.

Plasmid nhin tao thé hé thit ba 1a nhitg plasmid manh, ¢6 kich thudc rit nhé

va mot polylinker (polycloning site), duge ua chudng trong k§ thudt gen. Polylinker

1 mét doan polynucleotid t6ng hgp mang mdt chudi cdc vi ti nhan biét duy nhit cia

nhiéu loai RE.

Nhém ede plasmid pUC dién hinh 12 pUCI8 dugc cai tiéh tir pBR322, kich

thudc khoang 2.686 bp mang gen Ap® vd mot phin gen lacZ, xen vio giita gen lacZ

I polylinker, cic plasmid trong nhém nay khdc nhau & do dai cia polylinker. Ul

diém cia plasmid nhém pUC c6 kich thude nhé, vang polylinker cho phép giin bat k¥

mat trinh (v DNA la nao. Gen lacZ gidp dé dang phat hién vecto tii t6 hop mot cich

rat don gidn, bang quan sit mau sic khudn lac tén moéi trudng thach. Bink thuemg
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cidc khudn lac cé mau xanh do enzym f3-galactosidase dugc téng hop, néu khudn lac
co n‘mu tring ching té, gen cin thist da gin vio veclo & vi tri gen LacZ [am cho
enzym [3-galactosidase khong duoc téng hop.

Nhém cic plasmid pSP v Gemini c6 kich- thude khodng 3.000 bp, mang ciic
gen Ap® vii polylinker, khong mang gen lacZ. Vecty PSP mang promoter dic trung
cho RNA & hai bén ving polylinker (pSP64, pSP56, Gemini...). Uu diém clia cdc
plasmid trong nhém nay cho phép phien mi cic doan DNA ngin frong vecto tao
thanh rit nhiéu RNA, cic RNA nay duge dung lam mau do hay dé nghién ciiu cdu

trie, chife niing cliia RNA.
2.2. Vecto tach dong lg phage

Cic phage st dung 13m vecto tich dong hién nay phin 16n bit ngudn tir
phage A. Phage % ¢6 DNA mach kép kich thude 48.502 bp, nim trong phin diu cia
phage X. Cdc phage EMBL3, EMBLA, 2GEM 11, AGEMI2, igtld, Phage M13...
thwdng duge st dung 1am vecto tich dong. Phage M13 ¢6 DNA sot don ¢6 10 gen,
kich thude 6,4 kb, chi xam nhiém dic trung cdc E. cofi. Phage M13 c6 DNA mach
don, duge sir dung trong xdc dinh trinh ty cia acid nucleic bing phuong phdp Sanger.
Su dung phage lam veeto tich dong ¢6 loi hon cic loai plasmid khdc vi phugc cd hé
théng gen gitp xam nhdp vdo vi khuin nhanh, t4i ban raf manh. Mat khic s dung
phage ¢6 thé gin xen doan DNA 161 hon nhiéu so véi sir dung cic plasmid, cé thé cij
gan cic doan DNA kich thuée dén 30 kb. Phage duge sir dung lim vecto tich dong
hiéu qud véi t& bio chi prokaryote v eukarvore, con cic plasmid sir dung v6i t& bio
cutkaryote thuemg khong c6 két qui. Phage M13 chi ¢ mot down & gilta soi don gém
307 nucleotid cho phép giin xen DNA la, khéong giy houg chife nang cita phage. Tir
phage Mi3 ngudi ta gin thém gen lacZ vio doan giita soi don DNA tao nén veclo
MI[3mpl. Vecto M3mp! duge cii tién tao M13mp2, 12 vecta don gian nhat cé mot
vi tri ciit cla enzym gidi han EcoRI. Tir vecto MI3mp2 cdi tién tao nén vecto
MI3mp7 ¢6 4 vi i ciit diic trung cho cic enzym gidi han (EcoR], BamHI, Sall va

Pstl) tién loi v ¢ hié¢u qua cao trong tich dong gen. Hien nay <0 rat nhiéu vecto tich
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dong duoc tao nén tir phage M 13, bluescript M 13 la mét trong nhiing vecto duoc sur

dung rong rai trong ky thuat gen

2850 Sspl Nael 134

2645 Xmnl
Sspl 445

2526 Scal
Puwul 503

Puull 532

l? promoter

Polycloning site

I promaoter

<
~ 9

{ + ) strand

2417 Pwul

Bluescript M13-
(2.96 kb)

2135 Csul
2130 Cir11
Pwull 977

2000 1000

AN 1157

Hinh 4.2. Plasmid bluescript M 13.
2.3. Vecto tach dong la cosmid
Cosmid la vecto nhan tao, ghép néi tir mot plasmid véi doan trinh tur cos clia

phage A. Trinh tu cos diéu khién déng géi DNA clia phage vao phin dau ctia phage.
Vecto tich dong 1a cosmid cho phép cii gin doan DNA ¢6 kich thudc 16n 40 - 50 kb.

2.4. Vecto tach dong la phagemid

Phagemid la cdc cloning vecto duoc ciu tao trén co s6 pBR322 duoc gin
thém doan khoi déu tdi ban (Ori) cua phage f1, mot doan c6 chita promoter ciia phage
T;, T, va polycloning site. Dién hinh cho phagemid 1a nhém plasmid bluescript 1a

loai plasmid manh duogc sir dung nhiéu trong cong nghé DNA tdi 6 hop.
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2.5. Vecto tach dong la nhiém sdc thé' nhan tao cua nam men

Nédm men la déi tuong quan trong trong cong nghé sinh hoc. Plasmid ¢6
nguén gée tir vi khuin khi dua vao t€ bao nim men hoat dong yéu khong hiéu qua,
nguoc lai plasrnid c¢6 nguén géc tir ndm men dua vao t€ bio vi khudn ciing khong

hoat dong.

URA3

ori

Hinh 4.3. So d6 vecto pYAC.

Plasmid nhan tao cta nhiém sac thé ndm men 1a nhimg plasmid lai, duoc
ghép néi tir cdc doan DNA cua bo gen ndm men véi cic doan DNA clia bo gen vi
khuan. Plasmid Integrative Yeast (YLps) Ia plasmid nguén géc vi khuian mang mot
s6 gen nim men. Plasmid Replicate Yeast (YRps) 12 plasmid nguén goc vi khudn
mang doan gen ma hod su tdi ban cta nhiém sic thé ndm men. Plasmid pJDB219
phdt trién dugc ci trong t&€ bao ndm men va t€ bao vi khudn. Cic vecto tich dong 1a
plasmid nhan tao clia nhiém sic thé ndm men, dugc ting dung nhiéu trong tich dong

gen, lap cic ngan hang genom va trong tao cdc giong dong vat, thuc vat chuyén gen.
2.6. Vecto tach dong la Ti plasmid

Agrobacterium tumefaciens cé plasmid 16n, kich thude khoang 200 kb,

thuong gay khéi u & thuc vat goi 1a Ti plasmid (tumor inducing). A. Tumefaciens xam
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nhiém qua céic vét xuée ré thuc vat, chuyén mot doan DNA ciia Ti plasmid (T-DNA)
vao trong cdy, doan T-DNA ctia Ti plasmid khoang 10- 20 kb dugc gén vao bo gen

cia ciy bi bénh tao nén céc khéi u & cay.

Ving vir

Hinh 4.4. So d6 plasmid pTiC58.

Ti plasmid gébm doan T-DNA mang gen md hod sinh téng hop auxin,
Xytokin, opin, cic gen gy khéi u (oncogen), gen tdi ban plasmid (Ori) va ving vir.
Ving vir kich thuéc khoang 40 kb mang cdc gen cin thiét cho su xam nhiém va
chuyén T-DNA vao cay. Khi T-DNA dugc dua vao trong cdy, cic gen hoat dong san
sinh auxin, xytokin va opin lam cho cic t&€ bao phan chia khong kiém sodt, tao nén
cac khoi u. Cac dong A. Tumefaciens khéc nhau c6 cic Ti plasmid kich thude khac
nhau, dong A. Tumefaciens C58 c6 pTiC58 kich thude khoiang 194.000 bp (Depicker
va cong su 1980), dong A. Tumefaciens AchS c6 pTiAchS kich thuéc khoang
213.000 bp (Devos va cong su 1981). Ti plasmid kich thuée qua 16n khong thuan loi
cho tich dong gen, tir Ti plasmid tao nén nhiéu dang plasmid nhan tao nhu vecto nhi
thé, vecto lién hop... st dung cé hiéu qua trdng tach dong va chuyén gen & thuc vat.

Ving vir cua Ti plasmid bi kich hoat béi cdc hop chat c6 trong mo t& bao bi
thuong t6n. Ving vir ¢6 6 gen A, B, C, D, E, G lién quan dén sy cit chuyén T-DNA
vao cay. Ving T- DNA mang cic gen ma hod téng hop auxin, xytokin, opine va

oncogen. Khi thiét k€ vecto nhan tao tir Ti plasmid cdn thay T-DNA bing mot doan
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cua plasmid pBR322, c6 gen chi thi khdng chat khang sinh tao nén cic vecto lién

hop, vecto rihi thé...

Vectd

trung gian

Hinh 4.5. So dé vecto lién hop:
HOM: viing DNA t4i t6 hop ;
MCS: polycloning site;
RB: b phai, LB: bo trii ;
PTM: gen chi thi chon loc bién nap thuc vat;
RES: gen chi thi khang chét khang sinh dé chon loc vi khudn;
Ori: diém khoi diu tdi ban.

Hinh 4.6. So d6 vecto nhi thé.
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2.7. Vecto tdch dong 1a virus cua té bao eukaryote

Thuong st dung 13 cic loa virus SVA0 (Simian virus), adenovirus,
retrovirus, baculovirus va virus herpes... Cic vectd frong nhém niy sir dung trong

tich dong va chuyén gen & 1€ bio dong vat, thue vit bic cuo.

1L ENZYM GIOGI HAN VA MOT SO ENZYM THUONG SUDUNG TRONG
KY THUAT GEN

1. Enzym gidi han

Té& bao vi khudn bj nhiém phage thudng bi phage phi huy. Cé mét s chiing
vi khudn bi nhiém phage khong bi phage tieu diét, do DNA cta phage bi cit thanh
timg doan nhd nhd mot sé loai enzym trong té€ bio, nhitng enzym dé duge goi 1a
enzym gidi han c6 kha nang cit DNA phage & nhing vi tri nh4t dinh thanh nhiing
doan ngiin.

Hi¢n twong gidi han va enzym giéi han do Hamilton Srﬁith phdt hién dan
tien (1970) 6 vi khudn Hemophilus influenzae, ching R, dat tén 12 Hind II. Enzym

gi01 han (Restriction Enzyme - RE) thuéc nhém enzym endonuclease, cit cic lién

Y

Vidu, Hae III cit DNA & giita 4 ciip nucleotid GG CC
CC GG

két trong phan tu DNA.

Sma [ cit DNA biing giifa 6 cap nucleotid CCC GGG
GG(‘*CCC
EcoR I cit DNA léch giita 6 cap nucleotid G%\ATI‘C
CITAA G

A
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Cic RE ¢6 dac tinh cit DNA khong dac hiéu loai, nghia 13 RE tdch chiét tir
vi khudn c6 thé cit DNA cua t€ bio dong vit, thye vat va vi khudn khic & cing vi
tri gioi han hay diém gidi han. S6 lugng va kich thuée doun cdt dai hay ngin, tuy
thuéc viio s6 lugng diém gidi han trén phan tit DNA. Ban d6 trinh tir cic vi tri it
bai enzym gidi han goi 1h ban d6 gidi han.

M@t loai enzym gidh han hoat dong (6t trong nhitng. diéu kién nhdt dinh vé
nhiét dé vii dung dich dém thich hop. Tién hanh phin (ng clia cic enzym gidi han
cdn thue hién trong mot thé tich cang nhé cang 6t dé RE tiép xiic t6t véi co chit.

Tuy nhién thé tich coa enzym gidi han thich hgp khoang 1710 thé tich phan ing.

1.1. Tén goi cdc enzym giodi han

Qui udc qudc 1€ cdc enzym gidi han ki hiéu nhur sau: chit diu viét chit in hoa
chi tén chi hoic lodi vi khuiin mé tir d6 ¢éc enzym gidi han duoc tich chiét. Hai chi
tiép thee viét chit in thudng chi gidng ciia vi khudn. Mat chit viét hoa chi chiing vi
khuan, cudi cing [a chit s6 la ma chi s8 thit tir dong vi khudn enzym gidt han duge

phit hién.

Vidu

Chi, Loai Giong  Chung  Thit ty dong

Escherichia Coli Ryl3
EcoR [ E co R |
EcoR V E co R v
Smal Serrtia martesens

S ma I

Hae II1 Hemophilus  aegypticus

H ae III
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1.2. Cac loai enzym gidi han

Hign nay phit hién cé hang nghin enzym giéi han dwog 1i trich tir vi khudn.
Dua vio kha nang nhan biét va cat cdc trinh tu dic hi¢u khodng 4 - 7 cap nucleotid
ngudi ta chia enzym gidi han lam ba loai:

Loqi thit nhiit gom cic enzym gidi han nhan biét duge trinh tu dic hiéu (vi
trf giSi han) di chuyén doc theo DNA, dén cich vi tri giéi han khoang 1000 - 5000
nucleotid cif rai d6 v giai phéng do vii chuc nucleotid.

Loagi thit hai gém cic enzym gidi han nhan bigt vi tri gidi han cit ngay tai dé.
Loui ny duge s dung nhiéu trong k¥ thudt gen va cong nghé DNA tdi (6 hop.

Loai thd ba gém cidc enzym gii han nhan biét vi trf gidi han vA cit & vi tr

cich dé khodng 20 nucleotid vé phia truéce.
1.3. Cdc kiéu cdt ciia enzym giéi han

Mbi enzym gi6i han nhan biét va cit dic hiéu mot doun DNA tir 4 - 6 cap
nucieotid. Néu 4 loai nucleotid cla phan tir DNA sip xép ngiu nhién cé bén kidu
sép x¢p khde nhau. Teudng hop enzym gidi han nhan biét trinh tw DNA dic hiéu gém
bon cip nucleotid, it 4* = 256 cip nucleotid ¢6 mot vi tri ciit. Khi cdc enzym gidi han
nhin biét trinh ty DNA dac hiéu ¢6 6 cap nucleotid, cif 4°= 4096 cilp nucleotid ¢6
mot chd bi cit. Mbi enzym giSi han shan biét va cit dic hiéu mot doan DNA &
nhitng vi tei ahat dinh. Cé hai kiéu cit khic nhau [ cit tao ddu bing vi ¢it tao
diu so le.

Vidy, enzym Sma I cit tao ddu bing gifta cc doan 6 bp

v

5. CCCGGG..3
3’.”GG(%CCC...5’

I

5..CCC ~OH P~ GGGLY
3..GGG ~P OH~ CCC..5
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Enzym gidi han ciit ¢a 2 mach DNA ciing mot diém tao cic diu bang (blunt
ends), cic dau biing bi cit cia phan tr DNA Kkhong c6 kha nang tu két hop lai véi
nhau. DE néi ciic doan DNA véi nhau cén sir dung enzym n6i - DNA.]igase, hoilc cic
adaptor chuyén dung cho méi loai enzym. Nhiéu enzym gidi han nhén biét va cit
phan tr DNA & cdc vi tri 1éch nhau giita hai mach don, tao nén cic diu so le (hay
dau dinb - cohesive ends). Cic ddu so le tao nén sau khi cit cé thé tr n6i tai véi nhau
khong cin sif 6 mat cha enzym ndi DNA ligase, nh& dic tinh niy enzym gidi han cit

diu so le dwge st dung nhiéuo trong cong nghé DNA tdi t6 hop.

5'- G*A ATTC-3 £98  5-6-0n L,B-AATTC-3

-CTTAAG-H I-CTTAA-B ro-G -5
Hinh 4.7. Vi tri ¢iit phan tor DNA cla enzym EcoRI.
Céic phan tir DNA khdc nhau, duge ¢t bdi cing mot enzym gidt han, ¢é kha
nang két hop véi nhau tao nén cic phan tir DNA (di 16 hgp qua cic diu so le.  Cic
enzym gidi hun cat diu so le tao ra nhitng doan DNA c6 cic diu so le ¢6 thé ty néi lai

v6i nhau, hodc néi vdi cdc doan DNA ©6 ede ddu twong ty nén duge st dung rat
nhi¢u trong cong nghé DNA 1di 18 hop.

Vi tn‘ ciit
\ GAATT‘C T 3
CTTAA(; 5

/ \
AR emnn - SRR

Hinh 4.8. Cic doan DNA cit bing enzym EcoRI.
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Khi sir dung tiing enzym gidi han, cin ¢6 cdc diéu kién nhiet do, do pH va
dung moi thich hgp. Vi du, khi sit dung enzym EcoR1 dé'cat DNA ciia 1¢ biio dong
vat c6 thé sif dung dung dich dém gém 100mM Tris - HC pH 7.5; 5SmM MgCi;
100mg BSA/ml; 0,15% TritonX-100.

2. Mot so enzym thuong sit dung trong k¥ thuat gen
2.1. Enzym polymerase

Enzym polymerase la cic enzym x(c téc qua trinh tdi ban DNA, phién ma
tong hop RNA. C6 nhiéu loai enzym polymerase, méi loai c6 tinh chit dac trung
riéng.

Enzym DNA polymerase I (pol T} 13 enzym duge tich chiét tir E. colf, xic

tic gdn vio chd tréing (16 hdng) trén phan tir DNA hoiic mach don DNA ngiin. Enzym
Pol [ xiic tic tong hop mot mach don DNA méi, déng thdi ¢6 vai trd trong sur sira
chiia sui s6t trong 14i ban DNA. Ngoai hoat tinh téng hop, enzym DNA polymerase [
con ¢6 hoat tinh exonuclease, ¢6 kha nang thuy phan cdc lién két giira cic nucleotid
tir dau phan tir DNA, cit 1di timg niucleotid theo cd chiéu 5’ 3" va 3’ — 5. Ung
dung cua enzym DNA polymerase I chii y&u dé xéc dinh trinh tu DNA bing phuong
phép dideoxynucleotid, tong hop miu do ¢6 d6 phéng xa cao, thi¢t ké cic vecto mach
don...

Trong thuc t¢ enzym DNA polymerase I it sir dung, mi thudng str dung mot
san pham thuy phan clia né tac thimh, goi i doan Klenow (Klenow fragment). Poun
Klenow giit dugc hoat tinh polymerase vi exonuclease 3'— 5°, mat hoat tinh
exonuclease 5°— 3°.

Enzym T, DNA polymerase ¢6 ngudn géc tir phage T, xam nhiém E. cofi.

Hoat tinh cia enzym T, DNA polymerase tuong ty doan Klenow, do ¢6 hoat tinh
exonuclease 3’ 5" manh nén duge su dung nhiéu khi 1dng hop miu do cé do
phéng xa cao.

Enzym Taq polymerase li trich tir vi khudn  Thermus — aquaticus. Enzym

Taq khong hoat dong trén cdc phan tir RNA, ¢6 tdc dung khuéch dai su bit cdp 1ao
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¢DNA (complementary DNA). Enzym Tag pelymerase thudng sir dung trong nhiin
gen nhan tao bing mdy PCR.
Enzym RNA polymerase: Cé ba loai enzym RNA polymerase khic nhau.

Puroc sir dung nhiéu nhit 1a SP, RNA polymerase, enzym SP, RNA polymerasc tich
chiét tir phage xam nhiém Salmonetia Typhimuriton. Enzym T, RNA polymerase va
T, RNA polymerase duoc tich chiét tir phage xam nhiém £ cofi, cic enzym nay xuc
tdc phién mi téng hop RNA tir mach khuén cha phan it DNA kép theo chiéu 5'—» 3", _
ing dung trong 16ng hop miu dd RNA va nghién cttu phién mi téng hop mRNA.

2.2. Enzyme DNA ligase

Enzym ligase Id cic enzym xuc tic hinh thanh cdc lién két, ndi hai doan
acid nucleic véi nhau. DNA ligase xiic tic ndi hai doan DNA, RNA ligase xic tic
noi cic doan RNA. Trong k¥ thuat tich dong gen, enzym T, DNA ligase két hop
voi hat enzym T, polynucieotid kinase va Alkaline phosphatase dudc su dung rong
rdi nhit. Ngodi ra enzym E. coli DNA ligase dugce li trich tir £. coli, xiic tic phan

itng nd1 hai trinh ty DNA c6 diu so le.

Enzym T, DNA hgase tich chiét tir phage T, xim nhiém E. cofi, chiic nang
gidng nbu E. coli DNA ligase, ¢6 kha ning n6i hai trinh ty DNA ddu bing, dugc va
chudng nhat trong ky thuit tich dong gen.

Enzym T, RNA ligase tich chiét tit phage T, xam nhiém E£. coli, 6 khi ning

n6i hai trinh ty RNA bing cic lién két phosphodieste.

Ngoii ¢cic dang enzym két néi DNA ligase, hién nay con sir dung cic “ddu
dinh” cho ¢dc enzym cit diu bang, goi 12 adaptor. Adaptor xiic tic ndi cic doan DNA
do cdc enzym gidi han cit diu bing 1ao nén cic ddu so le, mdi enzym cit ddu bing

cd ciie loai adaptor diic trung riéng.
2.3. Cdc enzym nuclease

Enzym nuclease 12 enzym cit DNA (DNase), vit enzym cat RNA (RNase).

Gom nhiing loai chi yéu sau:
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Enzym DNase I tich chiét 4ir tuy ctia bd, xuc tdc phan tng thuy phan cic lién
két ngay sau mot base nito pirimidin (1, C) trén ca mach don va mach kép, thudng siy
dung dé loai bd DNA tap nhiém trong cdc nghién ctu RNA vi nghién citu protein.

Nuclease Si duoc trich i tif ndm Aspegillus oryzae. Nuclease Sl ¢6 kha ning
phan ¢iit DNA mach don va mach kép, khong ¢6 kha nang phan huy cdc phan tr lai
DNA- RNA. Nuclease S1 duge ding dé phan tich cfu tric cic phan tir lai DNA-
RNA. Nuclease S1 con duge sir dung dé loat bd mot doan don & déu so le dé 190 ddu
bang, vi loai bé cic cdu tric vong bac 2 (ndt thong long) trén phan tir RNA trong qui
trinh phién mi ngugc tuo cDNA.,

RNase A la enzym c6 hoat tinh cao, ¢é6 & moi noi bén vitng véi nhiét dé cao
(& 90° C khong bi mét hoat tinh), cnzym RNase A dugce B trich tr tuy bd. Enzym
RNase A ¢6 khi nang cdt diic trung cic tién két phosphodieste ngay sau mot base
nito pirimidin (C va U) clta RNA. Enzym RNase A thudng duoc dimg dé ioai bd
RNA trong ch& phim DNA, hay ché phim protein, hoac dé foai bo cic vig khong
biit ciip clia RNA trén phan tir lai DNA- RNA.

RNase H 1 enzym c6 tdc dung loai bd RNA trong cic phan tir lai DNA-
RNA, thudng duge sit dyng dé loai bd RNA sau cdc phin ing phién mi nguoc, dé
hinh thinh mach thet hai ctia cDNA tao nén phan tit DNA kép.

IV. DNA TAI TO HOP VA TACH DONG GEN

Cong nghé DNA tdi 6 hop 12 tap hop cdc k§ thuat gédn xen hodc néi cic gen
la (¢dc doan DNA ngoai lai) cin thiét vao vecto tich dong, tao vecto tii 6 hap,
chuyén vecto tdi to hop vao t€ bio chi dé vecto tdi 8 hop duge nhin 1én véi mot
luong 160 bin sao trong t¢ bio chi, Méi & bao chi tao nén mot dong cic t€ bio chita

bin sao cia mét gen cin thiél, goi 1 tich dong gen (gene cloning).
1. Tach dong gen (gene cloning)

“huee chiit tich dong gen 13 gdn mot gen, mét trinh tw DNA cén thiét (DNA
msert) vio vecto tdch dong, tao cic vecto tai t8 hop va dua vao t€ bio nhidn (1€ bao

chi), nham thu mét s8 luong 16n cdc ban sao ciia gen hodc trinh tv DNA ciin thist.
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Tach dong gen con duge goi la phin lap gen, c6 nhiéu phuong phdp tich dong gen
khic nhau. Tach dong in vitro (in vitro gene cloning) la tich chiét cic gen cén thiét tir
bo gen vi sinh vét, dong vat, thuc vat. . . tao vecto téi t6 hop va nhan cic gen dé trong
t€ bao chu. Vi du, tich dong gen Cry IA ma hod protein chéng mot s6 loai sdu bénh

tir vi khudn Bacillus thuringiensis.

DNA nguon Vecto tich dong
Gen cin thiét, L T,Ligase + RE

doan ciai DNA (DNA insert)
Q Vecto tdi t6 hop (DNA téi t6 hop)

v

O © Té bao bién nap
Protein cua ‘

gen tich dong - ©

Hinh 4.9. So d6 t6ng quit cong nghé DNA tdi t6 hop va tach dong gen.

Tach dong in silico (in silico gene cloning) 1a su téng hop, phan tich cic két
qua tich dong gen in vitro, dua vao co s¢ dir liéu tir cic ngan hang gen dé chon lua
cdc dong gen uu viét nhét, dua vao ting dung trong thuc tién san xuit hodc nghién citu

tiép.
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Tich dong in vitro gom tich dong gen dd biét va tach dong gen chwa biét.
Tich dong gen di biét la tich dong cdc gen da biét kich thudc hoac vi tri cia gen
trong bo gen. Tich dong gen chua biét 14 tach dong gen tir cic sdn pham cla gen,

chil y&u tlr ciic loal mRNA.
1.I. Tach dong gen dd biét

Tao doan cai DNA (DNA insert): tich chiét cic gen cdn tach dong 1l cic
mau nghién citu, nhin gen bing mdy nhan gen PCR, san phdm PCR duge dién di trén
gel agar (hofic gel polyacrylamid) vi dwa vio kich thude cla gen va thang DNA
chuén da biét d¢ tich cic doan gen cdn {im. Sir dung cdc cap enzym gidi han thich
hop ciit cée gen cin tich dong tao nén doun cai DNA. Thudng st dung ciing mét
cap enzym gidi han dé€ cit DNA cin tao dong Vi cic vecto tich dong.

Chon vecto tich doeng: tuy theo muc dich tich dong cé thé chon vecto tich
dong 1a phage, plasmid... Vecto téch dong phai phd hop v6i loai 1€ bao chi vi kich
thude doan cal DNA. Vecto tich dong 1a plasmid phlt hop véi t&€ bao cha 1 t& bao vi
khuan, 6 thé cho gin doan cii DNA kich thuéc 3-10 kb. Vecto tich dong 1a phage
cho gan doan cai DNA tir 15-30 kb vén hoat déng binh thuomg, thich hop véi cic t&
bilo chii 12 vi khudn, t€ bao dong vat, thuc vat. Vecto tich dong 13 cosmid cé thé gan
ciic doan ciai DNA {6n dén 45kb...

Tao vecto tii t6 hop (recombinant vecto): tron vecto tich dong vi cdc doan
cai DNA chung véi nhau theo mot ty 1é nhét dinh, c6 su tham gia ciia enzym T, DNA
ligase hodic adaptor thich hop. Enzym T, DNA ligase xiic tdc phan tng gén cic doan
cai DNA vdi vecto tich dong tao nén vecto tii t6 hop. Chuyén vecto i té hap vio té
bao chil, bing cdc phuong phap bi¢h nap. Trong t€ bao chi cdc vecto tii t8 hop duoe
nhén l&n s& lugng rit 1én cic bin sao. Thudmg sit dung t&€ bio chi 1a vi khudn, do vi
khuin sinh san nhanh, thao tic dé vi it t6n kém.

Chon va sing loc cic thé tdi 16 hop: Nudi cdy vi khudn cé vecto tdi t6 hop
duge trong mai trudng thich hop, tac nén cdc khufin lac trén mat thach. Sir dung cic
gen chi thi (marker) la chdt khdng sinh, X-gal va IPTG (chét cim iing cta operon

Lac) dé chon cde khudn Jac mang vecto tai 18 hem,
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Plasmid pBR322

Vecto tdi t6 hop

Hinh 4.10. So dé tao vecto tdi t6 hop.

Vi du, sir dung plasmid pBR322, gén mét gen la vao giita gen Tc® 1am mat
hoat tinh ctia khéng tetracyclin, c6 thé nhan biét d& dang. Khi sit dung cdc vecto tich
dong thu¢c nhém pUC ¢6 gen lacZ mid hod enzym B- Galactosidase, dé dang nhan

biét cic dong mang vecto tdi t6 hop qua mau sic khudn lac. Binh thudng té bao vi
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khudn phat trién trén moi trudng c6 X- Gal tao khuén lac c6 mau xanh. Néu ¢é gen la
gan vao vi tri gen lacZ 1am gen bi mat hoat tinh, khéng tao enzym [3- Galactosidase
lam cho cdc khudn lac ¢6 mau tring dé phan biét. Tdch va nuéi cdy riéeng khuén lac
¢6 vecto tii t6 hop da chon lua, kiém tra bing dién di véi thang DNA chudn hoic gidi
trinh tu gen, dé xdc dinh dong vi khudn tdi t6 hop c6 mang diing gen cdn thiét tich
dong hay khong. Ti€p tuc nu6i cdy tao dong DNA tdi t6 hop mong muén, sir dung tuy

muc dich nghién ciu.

= = E — == B
B§g -k T 2 3
DNA T Mo /M GEN 1 m e o] Z
| L L | | |
| ] A | |
Promoter Y
|
Vecto
L AN »
ESEe %
M Zw T m

et _J L
Vi 4ri cac Hiem cdt cha enyym gidi han

Hinh 4.11. So d6 cit gin va gen vio vecto.

1.2. Tach dong gen chua biét

Protein 1a sin phdm hoat dong va biéu hién ctia gen. Protein ¢6 hoat tinh
thudng & dang tién enzym, sau d6 dugc bién déi thanh cdc enzym. Protein khong hoat
tinh la nhiing protein du trir trong hat.

Tach dong gen chua biét la cic ky thuat tir mRNA, tao nén cdc gen tuong
ting. Dy dodn cdu triic protein do gen chi huy téng hop, két hop phan tich thanh phan
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va trinh tu sdp xép clia cdc acid amin trong phan i protein do gen mi hod trong t&
bao, so sdnh va xdc dinh gen cidn nghién citu. Tach ddng gen chua biét tir mRNA 1a
mot qué trinh phitc tap, cé thé thue hién theo céc bude sau:

Tach chiét RNA téng s6 bang cdc phuong phap théng dung, mRNA thudng
duoc tich bing sic ky 4i luc trén ¢ot oligo T- cellulose. Pudi poly A cia mRNA lam
cho cic phin tr mRNA bdm trén bé mit cdc vién bi tlf ¢6 mang oligo T- cellulose. Li
tam tich mRNA ra khoi céc vién bi tir, gitt mRNA & moi trudng thich hop nhiét do -

85 °C cho cic nghién ciiu tiép theo.

mRNA 5’ AAAAAA D
Giin méi oligo T i
AAAAAA Y

<— TTTTTT

Reverse transcriptase iDNA polymerase
mRNA 5’ AAAAAA T

cDNA 3’ W
i RN,

Bién tinh, phan huy RNA| DNA polymerase

ERONAANAAANA - s

RnaseH, | §|nuclease

cDNAmach kép  RONRARATEOAANRIRARIN

cDNA

Hinh 4.12. So dé tich dong gen chura bist,

Tao DNA b0 sung (cDNA - complementary DNA), tién hianh giéng nhu téch
dong gen. Ditng enzym phién md nguoge RT (Reverse transcriptase) v enzym DNA
polymerase dé téng hop DNA trén khuon miu mRNA. Ky thuat RT - PCR, tir mét
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tugng nhd mRNA ban ddu bing PCR tao nén mot lugng 1dn cDNA goi 1a tich dong
cDNA,

Hién nay, su dung b kit RACE - nhian nhanh ving cudi clia ¢DNA (Rapid
Amplification of cDNA End) va cac bo kit dac hiéu, ¢é thé nhan nhanh ¢DNA. Nhan
gen tir cDNA mach kép biang méy PCR d& tao dong cDNA. Tao vecto tii té hop véi
cDNA, gin cDNA vao vecto tich dong thich hop dé tao vecto tdi 16 hop c6 cDNA.
Bién nap vecto tii t6 hop vio t€ bao vi khudn, nuoi cdy va kiém tra gen d6 ¢6 hoat

ddng hay khong.
2. Ngan hang ¢cDNA (cDNA bank)

B gen cua sinh vit nhan chudn o6 kich thide rit 1én, gédm DNA ma hod cdc
protein, enzym, mét phan DNA rit Ién khong mang md thong tin di truyén vi mét s6
gen chua 18 chitc nang. Trong méi t€ bao cla co thé o6 tat ci cic gen trong bé gen.
Cic t& bao, mo6 khic nhau ¢6 cic gen hoat dong & timg giai doan khic nhau. Mot s6
gen chi hoat dong & nhitng nhém & bio, hodc mé nhét dinh nhu gen mi hod hormon
¢inh treong chi hoat dong trong cdc té bao thuy trude tuyén yén...

Tich chict mRNA cua céc t& bao, cic mé khic nhau thu duge cdc nhém
mRNA khic nhau. Do méi gen hoat dong va biéu hién & cidc giai doan khic nhau
treag qud trinh phat trién ¢4 thé, cling mét loai t€ bao tich chiét mRNA & céc thii
diém khdc nhau ciing thu dirge cdc mRNA khic nhau.

Tir mRNA st dung enzym phién ma ngugc va cdc kit chuyén dung dé téng
hop ¢cDNA. Tap hop toin bd mRNA thu dirge (i mot t€ bao, & cde giai doan phit trién
khiic ilhau dé tao tap hop ¢DNA goi 1 ngan hang ¢DNA. Ngan hang ¢DNA dugc
thiét 1ap tir gen hoat dong, duge phién mi thanh mRNA nén c6 tinh dic trung cao. &
cic giai doan phat tri€n khic nhan mRNA duge biéu hién khdc nhau, do dé cén tién
hanh tdch chiét mRNA trong nhiéu giai doan méi tap hop duge diy do mRNA ciia t&
bao. Thiét lap ngan hang cDNA gom nhiéu giai doan:

- Tich chiét mRNA theo cic phuong phép thong dung.
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- Tong hop DNA b sung (cDNA): sit dung k¥ thuat RT - PCR véi enzym
phien mi nguge va cdc bo kit chuyén dung, sau dé téng hop cic loai cDNA tir cic
loai mRNA tuong ung.

- Tao vecto tii 16 hop: xir If cDNA vi vecto tich dong cling mét ciip enzym
gidi han thich hop, enzym T, DNA ligase gin ¢DNA vio vecto tich dong tao nén cic
vecto tdi td hop. Cic plasmid thé hé thi 3 nhu pUC, Gemini. Bluescript... thudng
duge dimg ium vecto tich ddng.

- Bi&u nap veelo 1di (6 hop vio 1€ bao chii: dong vi khuin duoe chon lam t€
bilo chu duge nuoi cdy trong mdi trudng thich hop dé tang mat do t&€ bao. U cic (€
bao vi khuén v6i cDNA va CaCl, trong diéu kién lanh, & nhiét d6 Tanh mang & bao vi
khuin dé thim DNA la. Nubi ciy cic t& bio vi khudn di duoe bién nap mot thai gian
ngin & maoi trudng long, sau dé cfly truyén trén méi trudng thach & céc nop petri,
Dimng phuong phip khing thé hoiic cic oligonucleotid tdng hop dé phét hién cic
khudn lac ¢6 mang vecto téi t6 hop.

Tép hop tét ca cic dong vi khuin mang cdc doan ¢DNA khic nhau, tao nén
thu vign cDNA. Thu vién ¢DNA (mg dung dé nghién citu biéu hign clia mét gen, qud

trinh diéu hoa hoat doéng gen, méi tuong tc gifta cic gen...
3. Ngin hiing bé gen (genome bank)

Bo gen duge cit bing mot s6 loai enzym gidi han tao cic doan DNA khic
nhau, moi doan DNA ducc gin vio mét vecto tich ddng va nhan dong trong mat
dong vi khudn khic nhau. Méi dong vi khuin mang mot doan DNA bo gen, tap hop
tit ¢:i cde dong vi khuin goi 13 ngdn hang bé gen. Ngan hang cDNA duge hinh thanh
tir cic mRNA cua méi gen, nén chi goém cic doan exon. Ngan hang b6 gen bao gém
cdc doan DNA ¢6 cic exon xen k& intron. Vi du, sir dung enzym gidi han EcoRI dé
cat bo gen vi khudn E. coli thinh tip hop cic doan DNA. Gia thiét do 6n trung binh
mai doan 12 4kb. Bé gen E. coli ¢6 kich thude 4,7 x 10° ¢6 thé duge ciit thanh (4,7 x
1094 x 10" = 1175 doan, méi doyn duoc gin vao mot vecto vi nhan trong | 1€ bio
chu (¢in 1175 1€ bdo chil} tao thanh ngan hing bo gen £. cofi gém 1175 déng té¢ bio

Khie nhau.
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Cung mot bo gen xir Ii bang céc enzym giéi han khéc nhau tao nén s6 doan
cat khdc nhau, hinh thanh cic ngan hang bé gen khic nhau.

Thiét 1ap ngan hang bo gen gébm cdc budc co ban sau:

- Téch chiét DNA téng s6 clia té bao.

- Tao doan cai DNA (DNA insert) bing cdc enzym gi6i han thich hop
(thudng dung BamHI va Sau3Al), cit DNA bo gen thanh timg doan c6 kich thuéc xic

dinh, va xir I cdc diu cit dé ching khong tu néi lai véi nhau.

DNA b6 gen

Vecto phagei EMBL3A
polylinker polylinker
Sall BamHI EcoRI Sall BamHI EcoRI

B\{// N

AEMBL3A

A

l Cat véi Sau3A
| | |

| LE I 1

va EcoRI

Cit v6i BamHI l

OH OH OH OH
AB BamJ lEco Ecci | Bam |
T 1 I L] )_'I

OH OH

% 16 hop

AB Bam Bam

Béng gbi in vitro ‘

Dong phageA mang
doan DNA la

Hinh 4.13. So dé thiét 1ap ngan hang bo gen .
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- Tao vecto tdi t6 hop: gin cic doan DNA di xir 1y vao cdc vecto tach dong
thich hop hinh thanh cic vecto téi t6 hop.

- Bién nap vecto tdi 16 hop vio (& bao nhan, nudi c¢fy cic &€ bao nhan trén
mat trudmg 6 agar hinh thanh nén nhitng dong (clone).

- Chon loc (screening) cic khudn lac nhey cdc gen chi thi (zen marker) dugc
cai sin trong cidc vecta, dé lua chon cdc dong t€ bio mang vecto tdi 1d hop.

Tuy thee kich thuée cha cic doan cai DNA (doan DNA insert) ¢6 thé chon
vecto tdch dong la ptasmid, phage, cosmid. Doan cii DNA ¢6 kich thuée nhd hon 10
kb thutng su dung cde plasmid, kich thude khoang 10 - 25 kb ding vecto tich dong
1a phage, kich thusc tir 20 kb dén 30 kb nén sir dung cic cosmid. Hién nay sit dung
cdc vecto YAC, BAC d€ 1ap ngin hang bd gen cho két qua chinh xdc, don gidn vi
hiéu qua.

St dung vecto tich dong 1a cic phage, cic dong tdi t8 hop duoc phat hién &
dang cdc vét tan vi khudn (vét phan gidi trén mot tham vi khufin), sir dung vecto tao
dong la cosmid, céc dong tdi t6 hop duge phat hién & dang cde khuén lac.

Ngan hang bo gen ¢6 thé luu trir cdc gen ctia mot nhidm sic thé, cia bo gen
mét lodi sinh vt ndo dé hoac trong cdc nghién ciu gidi ma thong tin di truyén clia bé

gen, xac dinh cdc ciu triic intron- exon clia gen...
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MOT SO PHUONG PHAP CG BAN
SU DUNG TRONG KY THUAT GEN

I. PHUONG PHAP NHAN GEN BANG PCR
(POLYMERASE CHAIN REACTION)

Phuong phép PCR (phan itng chubdi polymerase) do Karl Mullis va cong sit
phdt minh 1985. Nho enzym DNA polymerase xiic tdc, trén cdc mach khuon DNA
téng hop nén cde mach don méi. Cdc mach don méi dirge t8ng hop lai duge sir dung
Jam khuon cho qui trinh téng hop mach méi clia chu k¥ tiép theo. Su téng hop mach
don DNA mdi can cé’ s tham gia cita DNA méi tao cdc nhém 3” OH tir do. Cic
nucleotid duge giin & vi tri nhém OH kéo dii tao thanh mach don mdi.

Khi cic doan DNA méi bit ciip bd sung & hai diu ctia mach khuon, doan
DNA nam giita hai DNA méi c6 thé t6ng hop duge. Cic doan DNA méi duoc téng
hop, duge sit dung lam khuén téng hop doan DNA méi. Sau mét s8 chu ky s6 luong
DNA dugc nhan ién theo cip s6 nhan, tir mot gen hodc mot trinh tu DNA ¢6 thé duocc
nhin tén vé sd biin sao.

BDoan khuon cé vai trd rat quan trong trong ky thuat nhén gen qua PCR.
Boan khuén ¢6 thé 1a DNA mach kép, mach don hodc RNA. Ham lugng khuén anh
huwong rit 16n dén hiéu quia PCR. Sir dung khuon 13 DNA t8ng s6 tdch chiét tir cdc t€
bao nghién cu cin khoang 1 microgram DNA (1 pg), néu 1a DNA tich dong cin
khodng 1 nanogram (1 ng = 10" gram).

MBoi (primer) [a nhitng doan oligonucleotid mach don ¢6 kich thudc khodng 6

- 100 bp, 6 trinh tu bit cip b6 sung vdi trinh ty & hai ddu mach khuon. Méi cang dai
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kha nang téng hop mach DNA méi cing chinh xac. Nguge lai, khi méi ngidn qud sir
bit cip giita méi va khuoén thuan loi, nhung két qua PCR kém do chinh xdc. C6 hai
loai moi 13 méi xudi (sense primer) vh méi nguge (antisensc primer) tham gia phan

ing PCR.

70000/
7 7OOCOOS
7O S
7 X0/
Ve 9 600066 V4
V2,0.0.0.0.0.0 6%
S — —
Chu ky thit nhit 2'=2 Va'e NN N2 V4
e —— —

Chu ky thit hai 2°= 4

Chu ky thitn tao nén 2" phan tr DNA

Hinh 5.1. So d6 phan img PCR.

Moi xudt bit ¢ap va gin & daun 3° clia mach khuon 5%>3°, méi nguoc hit
cap bo sung gan o dia 3 coa mach khuon 3°—5°. Mai anb hudag rat nhicu dén hicu
qua ctia phan tmg PCR. d¢ diam biao hi¢u qui PCR ¢in chon ¢ic mdi xudi viv moi
ngurgc o6 cic trinh tr khong bo sung vai nhaw trédnh xay ra lién tugng tr bit cip gitta
cic mol. Cie moi ¢é kich thude it khic nhau, ¢ Tm gan gidng nhan hicu qua PCR
duge tang cuong. Hicu gua PCR cao khi ¢6 moi phi hop voi khoon (template) va
khoiang cich gida moi xudi vt moi nauge khong aqud [kb.

Phan ing PCR 1a mdt chudi nhiéu chu ky {cycle) néi tiép nhau, mbi chu k¥
g6m ba giai doan:

- Giai doan bién tinh: Dung dich phin éng (buffer) cin phii c6 diy du cic
thauh phan ein thiét cho tii bin DNA (dNTP, enzym DNA polymerase, Mg™...).
Phan tr DNA dugc bi¢n tinh & nhiét do cao hon nhiét d6 néng chay (Tm) clia DNA
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khuon mét it, thusng 1294 - 95° C trong 30 giay dén 1 phit. Néu doan khuon DNA

cd ty l¢ G - Ccao, chubi G, Clién nhau di cén tinh todn dé ¢6 nhiét d6 phit hop.

1. Cac budc tién hanh PCR

- Gian dogn lai: Nhiét dé ha thip duét Tm cla cic méi, cic méi bt ciip véi

khuén. Thuong & ché dé nhiét khodang 60°C - 70°C, tuy thude do 16n vi Tm cla cic

moi, thdi gian tir 30 giay dén | phiit.

3 e

/

Moéi xudi

53

3 e DNA Khuén va cdc dan méi
57 e e
3’ M6i nguoc
fr— \

5"

3 Két thiic chu ky thit nhit

e 57 cdc mach don DNA mdi
duoc téng hop

3!

S'J

3 J _

N Cide phan tr DNA moi

-5 tong hop, duce 1am khuon
cho frong cic chu ky
> téng hop méi

oy

Hink 3.2. Sod6 phan iing PCR.

- Giai doan tong hgp: & 72°C cic enzym DNA polymerase hoat dong t6t

nhdt (thuong ding Tag DNA polymerase tich chiét tit vi khudn suéi nudc nong
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Thermocellus aquaticus). Thot gian khoang tir 30 gidy dén vai chue phut, tud thuoc
kich thudc cia trinh tu DNA can khuéch dar. Sau 25 dén 35 chu k¥ tir mot doan DNA
Khuon, khuéeh dai dén 27°- 2™ ban sao. Trong qud trinh PCR, sau nhiing chu k¥ diu,
¢ cde chu ky cudi nhiét do cdn ting 1¢n 1 - 2 °C. Do vé sau luong méi giam luong
khuon tang 1&n, mit khiac enzym Tag DNA polymerase hoat dong véu din do tic
dong cia nhiét dé. vi vay tang nhiet do & cdc chu ky sau dé lam tang hicu qua téng

hop DNA.
2. Céc nhan té anh hudng dén phan img PCR

Khuén DNA c6 vai trd rit quan trong, anh hudng rd rét dén hiéu qua PCR.
Phin tng PCR t6i uu vdi c:ié doan khuén hoan toan tinh sach, khi cic doan khuén
khéng sach con lan protein, hi¢u qua PCR gidm theo ty 1& thuan véi do tinh sach cia
DNA khuon.

Enzym DNA poiymerase cing manh, phin ting PCR cang triét dé. Tuy cic
dic tinh cua enzym DNA polymerase, tuy thudc ngudn géc tich chiét enzym, hiéu
qua cdc phin iing PCR khdc nhau. Enzym Th. polymerase ¢6 khd niing hoat dong nhu
mot enzym phién ma ngugce, con enzym Taq polymerase xdc tac phan ting khuéch dai
DNA.

Mbi 1a yéu 18 quan trong nhit quyét dinh hiéu qud cta phan ing PCR. Chon |
moi cdn tinh todn bio ddm Tm clia méi xu6i vd mdi nguwoe khong chénh léch nhau
qud Ién, cic méi phai cé trinh w nucleotid dé chi c6 thé bit cip bd sung & hai ddu cia
cdc mach khuén, néu méi bit cap gitta khuén PCR khéng thanh cong. Trinh tw DNA
cin khuéch dai, la trinh ty nam gifta hai méi khong Ién qua 1kb. Hién nay, cic loat
méi chuyén dung duoc sin xuit va bin & nhiéu cong ty k¥ thuat sinh hoc. Vi du, sit
dung phan tmg PCR dé nhan gen chong bénh dao on & lia (gen chéng bénh dao on
Ida nam trén nhiém sic thé s6 12), ¢6 thé ding cap méi o6 trinh tu rhir sau:

CAGCTGTTCAGTCGTTTGCAGCTGTTC 27 nucleotid
{ATACCGTTA'[“GGGCATF AAGGAAT 24 nucleond



CO SO DI TRUYEN PHAN TU VA KY THUAT'GEN 141

Dé nhan gen khang bénh bac 14 lda nAm (gen khing bénh bac 14, nim trén

nthiém séc thé 21 cha cay lGa), thudng s¥ dung cip méi ky hicu Xa21l  (pTA-248):
AGACGCGGAAGGGTGGTTCCCGAG 24 nucleotid
{AGCGCGGTGTAATCGAAAGATGAAA 25 nucleotid

Néng d¢ cdc loai nucleotid (dATP, dGTP, dCTP, dTTP) khodig 20 - 200
pM/ méi loai, khi néng dé nucleotid qud thip gidm higu qua PCR giam manh. Néng
do Mg™, MgCl, anh huong nhiéu dén hiéu qua PCR, dé cé hiéu qua PCR cao ciin luu
¥y dam bio cdc thanh phan dung dich dém, phiét d¢ va cic chét c4n thiét khi thue
hién phéan ting PCR.

Il. PHUGNG PHAP GIAI TRINH TU GEN (DNA SEQUENCING)

1. Giai trinh ti gen theo phuong phap hoa hoc

Nam 1977 Alan Maxam va Walter Gilbert 14n ddu tién phat minh phuong
phap giai trinh ty gen theo phuong phip hod hoc. Phuong phdp ciia Maxam va Gilbert
dua trén co so bién tinh phin tir DNA thanh cic mach don khong tu xodn lai vdi
nhau, dénh diu déng vi phéng xa P diu 5° clia mach don tao cac doan danh dau o6
thé duge phat hién bing phong xa. Xir Ii hod hoc dédc hiéu phan huy dac trung
mot loai nucleotid cua mach DNA dii dinh diu phéng xa, tao cde doan oligonucleotid
¢6 chiéu dai hon kém nhau mét nucleotid duge phat hién bing dién di. Két qué cdc
phin Gng hod hoc xir 1i mach DNA dugc phdt hién bing dién di trén gel
polyacrylamid, c6 thé xdc dinh trinh tu cic mach don.

Mach don di ddnh ddu phdng xa ¢6 thé xi Ii theo bdn nhém phan ing:

- Nhém phan @ng thi nhét xir Iy mach don DNA béng dimethyl sulfat Iam
dat mach don tai G.

- Nhém phan tng thit hai xtt 1y mach don DNA bing acid pH = 2 gay ditt
mach don tal A hodc G.
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- Nhém phdn ing thi ba xtr Iy mach don DNA bang hydrazin gay diit mach
dontaa CvaT

- Nhém phan tung thit tu xit Iy mach don DNA bing hydrazin v6i néng do
mudi cao lam mach don bi dut C.

K&t qua cdc phan ung tao thanh cic doan DNA cit ngiu nhién, ¢é kich thudc
khdc nhau. Dién di két qua duoc trén gel polyacrylamid, doc két qua dién di bing
phéng xa tu ghi, thu duge trinh ty cia cic nucleotid cia mach don DNA.

Vi du, doan mach don DNA ddnh dau phéng xa P* diu 5° & nucleotide A cé
trinh tw: 5° P* ACACTGCGTT GGAACC 3’

Két qua phan g nhém 1 ciit mach don DNA tai G

P* ACACT Cit
P ACACTGC tai

P* ACACTGCGTT G

P* ACACTGCGTTG

P* ACACTGCGTTGGAACC

Két qua phin ing nhém 2 cit mach don DNA tai A hoic G

P* AC Cit
P* ACACTGCGTTGG tai
P* ACACTGCGTTGGA A
P* ACACT Cit
P ACACTGC tai
P* ACACTGCGTT G

P* ACACTGCGTTG
P ACACTGCGTTGGAACC

Két qua phan tng nhém 3 cat mach don DNA tai Cva T

P*A Cit
P7 ACA tai
P*? ACACTG C
P ACACTGCGTTGGAA

P¥ ACACTGCGTTGGAAC
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P? ACAC Cit
P* ACACTGCG tai
P* ACACTGCGT T
P* ACACTGCGTT GGAACC
(+) —_
[ T [r N [
A G C T

Hinh 5.3. Giai trinh tu gen theo phuong phép hod hoc.

Két qua phdn img nhém 3 cdt mach DNA taj C

P A

P* ACA

P ACACTG

P* ACACTGCGTTGGAA

P ACACTGCGTTGGAAC
P* ACACTGCGTT GGAACC

Téng hop cic két qud, thu duge trinh ty c&c nucleotid trén mach don DNA,

biét dugc trinh ty siip x&p cdc nucleotid clia gen.
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2. Giai trinh tu gen theo phuong phap dideoxy

Frederick Sanger va cong sur 1a phdt minh phuong phdp giai trinh tu gen bang
enzym hay phuong phap dideoxy (1977), cic tdc gid lin ddu (ién giai trinh ty hoan
chinh bo gen cia phage ¢ X174 xam nhiém té bao E. cofi, Frederick Sanger cling
v Maxam vi Gilbert dugce nhan giai Nobel 1980.

Nguyeén tic co ban clta phuong phdp dideoxy dya vao hoat dong cha enzym
DNA polymerase trong qud trinh tdng hgp DNA. Enzym DNA polymerase xic tic
gin cic nucleotid vao mach don DNA dang tong hop & vi tri 3’OH, khi gip nucleotid
khong c¢6 nhém 3’ OH phiin ting tong hop bi dimg lai.

OH
(|)=P—0 CH, Base
01|4 4 Y
2
OH H
Ciu tric dANTP Cau tric  ddNTP

Hinh 5.4. Cau tric dNTP va ddNTP.

Bic trung ctia phuong phdp dideoxy 14 su dung dideoxynucleotid dé lam
ngimg cic mach don DNA dang duge téng hop mét cich ngdu nhién . Trong phin
ing st dung doan DNA mdi 13 doan mach don khoang 20 nucleotid, bén loai
deoxynucleotid (dNTP) binh thudng vd b6 sung khoang 1% mot loai dideoxy-
nucleotid ddNTP {ddATP, ddGTP, ddCTP, ddTTP) cho mdi loai phin (ng. Cic

dideoxynucleotid mit hai nguyén tir oxy & C; va C,. Khi mach don DNA dang 1dng
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hop duge gan mot ddNTP phén ing téng hop ngimg lai, khéng ¢é nhém 3'OH &
nucleotid cudi cling do dé mach dang téng hop khong duge tigp tuc kéo dai.

Mbi loai phan ting duge thuc hién riéng ré 6 DNA khuon, DNA méi, diy
du cic loai dNTP, enzym Taq DNA polymerase, dung dich dém va cdc diéu kign
thich hop dong thoi cé thém khoang 1% mét loai ddNTP. Tuong quan gilta ham
lugng dNTP va ddNTP lam cho qud trinh téng hop DNA thinh thoing méi c6 |
ddNTP duoe sir dung ngdu nhién, 1am phan tng t6ng hop DNA ngimg lai. Két qua
phan itng tong hop nén céc doan oligonucleotiad dai ngan khic nhau mot nucleotid, cé
thé nhan biét nhd phuong phap dién di.

Vi du, mach don cla gen 5° SPAGTCCCAGATCGG 3.

Két quia phaning loai A

A G C T
TCAdd
TCAGGGTCTAdd (+)
TCAGGGTCTAGCC

K&t qui phén itng loai G
TCAGdd

TCAGGdd

TCAGGGdd -
TCAGGGTCTAGAd -
TCAGGGTCTAGCC - -

Két qua phan ting loai C
TCdd (-) = - - =
TCAGGGTCdd _ _ _
TCAGGGTCTAGCdd 7
TCAGGGTCTAGCCAd

Vitri chim miu

Két qua phan tmg loai T
Tdd

TCAGGGTdd
TCAGGGTCTdd
TCAGGGTCTAGCC

Hinh 5.5. So d6 giai trinh tu gen theo phuong phiip F. Sanger.
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Thie hién bon phan @ng trong 4 6ng khdc nhau (thudng dung cic dng
effpendof), méi &ng c6 chita khuon, mai, bon loai ANTP ¢é mét loai dwoc dénh dau
phéng xa (S§”- dATP, dGTP, dCTP, dTTP), enzym va cic diéu kién thich hop. éng A
thém 1% ddATP, ong G thém 1% ddGTP, ong C thém 1% ddCTP, dng T thém 1%
ddTTP. Sau khi nhin gen qua PCR khoing 25 — 30 chu ki, dién di két qua thu duoc
trén gel polyacrylamid. Cic doan oligonucleotid kich thuéc khic nhau di chuyén véi
téc do Khdc nhau, tao nén cdce vi tri khic nhau trén ban gel, thuc hién phan iimg hién
hinh phdng xa ¢6 thé quan sit dugc cde doan mach don DNA bing cic vach trén ban
gel. Téng hop két qud phan ing & ban 6ng thu duge trinh ty cic nucleotid ciia mach
don, ¢4 thé biét trinh ty sdp x&p cac nucleotid trong gen.

Tuy thco muc dich gift miu, ngudi ta cb thé sit dung déng vi phéng xa ¥
hodc P* dé ddnh diu phéng xa doan mach khuén. Sir dung S thasi gian mat hoat tinh

khoang 3 thing, con P* khoang 14 ngay.
3. Giai trinh trr gen bing mdy gidi trinh tu gen tu déng

Nguyén tic chung ciia mdy gii trinh ty gen tu dong dya trén co s& phuong
phdp dideoxy. Mdy doc trinh tu ca trén hai mach don, do vay c6 thé phat hién va
gidm cdc nhiam lan do ky thuat. C6 hai loai méi xudi (primer forward) va méi nguoc
(primer reverse) duge sit dung cho méi mach don DNA. Tién hanh bién tinh DNA '
trong méi trudng c6 urea va nhiét do cao (khodng 55 "C), hai mach don DNA tich roi
nhau khéng bit cip lai v6i nhau. Chim tia laser dinh dau vi tri vi thoi gian di qua
ctia cac nucleotid, tir d6 téng hop duge trinh tu sip x&p clia gen.

Cic mdy gidi trinh tu gen thong dung cla cdc hiing ALF II (Pharmacia),
Simadu (Nhiit}...co kém phan mém s 1y sé liéu, kit hod chat tiéu chuidn ban sin. Giai
trinh ty gen can tuy theo timg loai mdy gidi trinh tv dé tao dung mai va cic diéu kién
thich hop, dim bao do chinh xdc ctia hét qua. Vi du, chudn bj giai trinh tir gen trén
mily ALFress II can chudn bj cic budc sau:

Budic 1: Chudn bi Master mix

- nudce khir ion 3ul
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-DNA khuén 2ul (DNA tdch chiét di tinh sach)

- Dung dich dém 2ul

- dNTP . 5ul

- Mai xu6i | 2ul (0,5ml médi+1,5ml dém cho méi)
- DMSO 2l

- Taqg DNA polymerase  2ul
Téng s6 18pi

Budc 2: Thuce hién phan tng nhan gen qua méy PCR

Dung bén ong effpendof da dénh dau céc 6ng A, T, C, G cho vao mbi ong
4p Master mix d chuin bt, thém vao méi 6ng 2p1 mot loai ddNTP  tuong Gng véi
méi 6ng. Chuan bi tuong tu, thay méi xusi bing méi nguge thu duge 4 6ng c6 mbi
ngugc. Dat 8 ong da cé diy di cdc thash phédn cdn thiét nhan gen trong may PCR.
Chu trinh nhiét cho PCR: 95°C trong 2 phiit; 95°C trong 30 gidy, 52 - 53°C trong 30
gidy, 72°Ctrong I phiit 30 gidy. S6 chu k¥ khodng 24 — 25. Két thic PCR., cho thém
vio moi ong 4pul dung dich két thde phan ving (stop solution), dé trong khay dd
khodng 30 phuit,

Bude 3: Chay mdy gidi trinh t va xir If két qua

Chuan bj ban gel polyacrylamid, dit cdc ché d6 cho may, bom miu vio cic
giéng trén ban gel va chay mdy. Ket thic chay mdy thu két qua, xir I{ biing cdc phin
mém thich hop. Luu ¥ so sdnh két qua giai trinh tr ¢4 hai mach don d¢ loai bo cdc sai

st do ky thuat.
III. CAC PHUONG PHAP LAl PHAN TU

1. Phuong phap Southern blot

Phurong phip Southern blet do Edward Southern phdt minh nam 1975, cho
phép nghién ciu DNA cla bo gen, kiém tra két qua chuyén gen hodc kiém tra ¢6 mit

mdt gen (mdt trinh tir DNA) nao dé trong bo gen cla t€ bao. Dau tién cin tich chigt



148  MOT SO PHUONG PHAP CO BAN SUDUNG TRONG KY THUAT GEN

DNA b6 gen cta t€ bao, sir dung cdc enzym giéi han cit phan tir DNA thanh cic
doan nho, dién di trén gel agar dé tach cdc doan DNA theo kich thuéc. Gay bién tinh
DNA trén gel bang dung dich kiém (thudng dung NaOH 0,5 M: NaCl 1,5 M), sau dé
chuyén cdc doan DNA tir ban gel 1én mang lai biing stic mao din (mang lai thudng sir
dung la mang nitrocellulose). Vi tri ctia cic doan DNA trén gel, duge giit nguyén khi
chuyén 1én mang lai.

Str dung cdc miu do (probe) cé danh dau phéng xa lai v6i cdc doan DNA
trén mang lai, tao nén cdc phan tir DNA lai. Tién hanh lai phan tir bing céch cho vao
hop lai chuyén dung mét 16p khoang 0,2- 0,4 cm dich lai, chita méi ¢6 danh dau
phong xa. Pat mang lai vao hop lai & nhiét do 65 °C trong 3- 8 gio, sau dé thém dich
lai v6i ché do nhiét 65 °C, lic nhe d€ tang t6c do phan tng. Rlra mang lai bing dung
dich SSC (NaCl, natri citrat, va nuéc) & nhiét do 65°C hai dé€n ba 14n, thdm kho bing
gidy loc hoac siy kho 6 65°C.

Thuc hién phéng xa tu ghi bing phim X quang nhay & nhiét do - 20°C, xir ly
dudi 4nh sang tir ngoai trong 4 gidy dé kiém tra két qua lai.

Vat nang 0,5 - | kg

Lép gidy tham

Mang lai

Ban gel

| Bic gidy loc

p —— Dung dich dém
...... At —— Bé doban gel

Hinh 5.6. So dé phuong phép lai Southern blot.

Nam 1990, Ishii thuoc Vién Lia Quéc t€ dé nghi cai tién phuong phap
Southern blot khong dung déng vi phéng xa, bing céch sir dung digoxigenin. Cic
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phan t& lai duge phdt hién bing khang thé coa digoxigenin ¢6 gin véi enzym

photphatase kiém.
2. Phuong phap Northern blot

Phuong phip lai Northern blot 1a phuong phip lai RNA cila t€ bao véi miu
do 1a DNA. Nguyén tic thuc hién giéng nhur lai Southern blot. Tich chiét vi tinh sach
RNA ciia t& bao, gay bién tinh RNA va chuyén lén ming lai. Sir dung cic miu do 13
DNA c6 dinh dau phéng xa dé lai véi RNA tao nén céc phan tir lai RNA - DNA,
phdt hién céc phin tir lai bing phim X quang nhay.

3. Lai tai cho (in situ hybridization)

Lai tai chd 1a phuong phdp lai phan tir ngay trong t€ bao khong cin tich chiét
acid nucleic, dé thuc hién va it t5n kém hon lai Southern blot. Lai tai chd thuong sir
dung méu dd duge dinh ddu bang huynh quang thay cho mau do dinh diu phéng xa.

Tuy timg loai té€ bdo va mo6 cd thé thuc hién cdc phuong phap lai tai chd khic nhau.
3.1. Lai trén nhiém sdc thé

Chon t& bao d ky giita clia qua trinh phan bio khi cdc nhiém séic thé cé kich
thude 16n nhat. Bing cdc k§ thuat xi 1)?. ¢6 dinh t€ bao trén lam kinh, dinh vi hinh
dang va vi tri cla nhiém sic thé. Sir dung enzym RNase va protease dé loai bd RNA
va protein. Ding cic miu do DNA hodc RNA c6 danh dau huynh quang (c6 thé dung
miéu dd danh dau dong vi phéng xa, tuy theo muc dich nghién cifu) thuc hién phan
tng lai trén lam kinh. Sau mét khoang thdi gian nhat dinh, phit 1én lam kinh mot
huyén dich nhay cdm véi chdl huynh quang hosic chat phéng xa. Quan sat két qua
trén kinh hién vi, tai cdc diém ¢6 céc phan tir lai xuit hién cic chim den trén lop

huyén dich.
3.2. Lai trén t¢ bao va.mé

Lai trén t& bio va mo6 thudng sir dung d€ phét hién cadc mRNA. Cic loat
mRNA hoat dong & cic giai doan khdc nhau trong qua trinh phat trién t€ bio va co

thé. Lai trén t&€ bao va m6 nhiim nghién ciru giai doan hoat dong ciia mRNA, tr d6
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tim hiéu hoat doéng gen, méi lién quan gifa phién ma va gidi ma, dinh vi cdc gen cén

nghién cttu trén cdc nhiém sic thé...

Tich chiét DNA d3 chuyén gen Y Gen Y duge dung dé

{doan DNA can nghién citu) a0 miu do (mdi)
Cat DNA bing RE Cit gen Y bing RE
Dién di trén gel agarose Dién di trén gel agarose
l cung thang DNA chuan
Chuyén DNA tit bin gel agarose Cat riéng tir ban gel doan
lén mang lai nitrocellulose gel co gell Y (méau do)

DBanh diu miu dd bing
“[PJJCTP

Lai giita DNA trén mang lai véi
DNA ¢6 ddnh ddu phéng xa cila gel Y

Kiém tra bing phéng xa tu ghi

Khéng c6 phéng xa Co phdng xa
Chuyén gen khong thanh cong Chuyén gen thanh cong

Hinh 5.7. So d6 ki€m tra két qui chuyén gen biing lai Southern blot.

Té bao va mo6 duge xir 1i bing cdc ki thuat & bae hoc phu hgp (tam paraffin,
khir nude...), cat thiwh cdc lit méng 7- 10 pm r6i o6 dinh trén lam kinh. Xir ty enzym
protease dé loai bd protein, sau dé xir If bing enzym DNase dé loai bo DNA. Lai véi

mdu dd ¢ ddnh diu phéng xa hoac huynh quang. Sau dé phua mot 1dp huyén dich
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nhay vé6i phéng xa hodc huynh quang dé mét thai gian thich hop cho phan ing xdy
ra, quan sit két qua lai dudi kinh hién vi. Trong € bio nhimg vi tri ¢6 phan tir lai

dugc phiit hién biing céc cham den.

IV. MOT SO KY THUAT UNG DUNG PCR TRONG PHAN LOAI
PHAN TU VA XAC PINH PA DANG DI TRUYEN

1. Ky thuat RAPD (Random Amplified Polymorphism DNA)

RAPD - da hinh cic doan DNA duge khuéch dai nglu nhién do William
(1990, Welsh va cong su {1991) phit minh.

Céc sinh vit €6 bd gen giong nhau hodn tean khi nhan gen bing may PCR
véi cic méi ngdu nhién, két qui thu duge cic doan DNA hoan toan gidng nhau vé
kich thudc va cau trdc. Dién di két qui nhan gen thu duge dién di dé gém nhimg
bang, vach DNA & nhiing vi tri giong nhau trén ban gel. Khi bo gen cila cdc miu
kiém tra cé sy khde nhau (¢6 da dang sinh hoc) cho két qua khdc nhau trén dién di
do.

Moi ngdu nhién la nhimg doan oligonucleotid tlr 5-12 nucleotid, cdc hing
san xudl khic nhau ¢6 ciic méi ¢6 ky hiéu, tén goi va trinh tu khic nhau. Chon cip
moi ¢in luu ¥ sao cho cic moi chi bit cap v bim vio hai ddu clia doan khuén, dé
doan DNA giita cic méi ¢6 thé doc nhan 1én. Méi cang ngan thi khi ning bit cap
cang cao dé thuc hién phin ing PCR, mdi cang dai thi k& qua nhan gen cang chinh
xic. Nhiét do bién tinh cta cdc moi (Tm) duge chon phii dim bio khéng cich biét
qud 16n v&i Tm ctis doan DNA khuon. Hing Operon Technology bdn nhiéu loai méi
ngdu nhién duoe wa chudng. Henry Nguyén (Dai hoe K¥ thuat Texas- My) ding 43
moi ngiu nhién do hiing Operon Technology san xudt di phat hién nhiéu khac biét di
truyén ctla 13 giong hia ¢6 ngudn géc khdc nhau & Chau A, Chau Au va Trung A.
Ky thuit RAPD duoc thuc hién theo cic bude co bin sau:

- Téich chiét DNA tng s6, nhian DNA biing may PCR

- Pién di wrén gel agarose hodc gel polyacrylamid
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- Xdc dinh tinh da dang di truyén bing cAc phin mém thong dung (NTSYS -
PC, UPGMA Cluster, Gelcompar..., 1ap dendrogram. Céc 6 liéu thu durge cho thdy su
gin giii hodc cich biét di truyén ciia cide miu nghién ciru.

Hé s& dong dang di truyén ¢ thé tinh theo céng thifc cia M. Nei & Li
{1979)

trong d6 N; 1a s6 vach cua gidng i, N;1i s& vach cha giGng j va N;; 1 s6 vach chung
cua ca 2 gidng i va j.

K§ thuit RAPD ¢é uu diém thyc hién nhanh, dé lim va it ton kém, gidp xdc
dinh tinh da dang sinh hoc va nguén géc di truyén cia cdc giong dong vat, thuc vat

vil vi sinh vat con duge goi 13 phuong phip phin Joai phin tir.

2. Ky thuat RFLP
(Restriction Fragment Length Polymorphism DNA - RFLP)

K§¥ thuit RFLP - da hinh chiéu dai cdc doan DNA ciit ngiu nhién boi cic
enzym gidi han 1a k¥ thuat tao nén cdc doan cit khac nhau phan biét duge bang dien
di d5, cic doan cit con duge goi 1a cic “diu van tay” dac trung cho titg phan tir
DNA. Xir Iy cdc miu DNA biing citng mot cip enzym gisi han, cdc bo gen cé ciu
triic khdc nhau tao nén s6 lugng doan cit ¢6 chiéu dai khdc shau con nhitng bo gen
hoan toan gidng nhau tao nén cic doan cat giong nhau. Bin d6 di truyén cic két qua
RFLP, ¢4 tinh chinh xic cao thudng sir dung trong nghién ciru dinh loai nguén géc va
mitke d6 tién hoi cia céac lodi sinh vat.

K¥ thuit RFLP con duge goi la k¥ thuit Fingerprinting. Qui trinh thuc hién
RFLP bao gom ciic budic:

- Tich chiét va tinh sach DNA.

- Cit cdic miu DNA céin phan tich bdi ciing mét cap RE.

- Dién di va thuc hién phan ting lai Southern blot.



CO SG DI TRUYEN PHAN TU'VA KY THUAT GEN 153

- Xdc dinh da dang di truyén cdc doan cat giéi han, lap ban dé di truyén cic

doan gi6i han.

( XX y
( o 2 CapNST

dong dang

1... TGGCCGATGGTAAGGCCTATAGAAGCTCGAGGCC TACT

2... TGGCCGATGGTAAGGGCTATAGAAGCTCGAGGCC TACT

t ;

Dién di do: (+)

e —_—
—— —_—
m——— e—

.................. - “

Vach chdm méiu
1-b6 2-me 3-con

Hinh 5.8. So do6 ky thuat RFLP.

Trong chon giéng thuc vat c6 thé sir dung RFLP dé chon loc truc tiép cdc c4
thé mang cdc gen lan mong mudn, khong cin phén tich qua lai nhiéu th€ hé. Mat
khdc véi cic dic diém do nhiéu gen kiém sodt, hodc ¢6 su lién két giita cdc gen, sir
dung RFLP c¢6 thé phat hién quan hé giita cic gen d6. Hinh thiic chon loc RFLP ¢6
thé thuc hién tir khi cdc cd thé thuc vat, dong vat con non giam cong stic, d& tén kém
chi phi nu6i tréng. Phuong phip RFLP con dugc sir dung dé kiém tra su phan li di
truyén ctia mot s6 tinh trang theo qui luat Mendel. Vi du, kiém tra gen xdc dinh mau

hoa:
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Lai dong thudn chiing hoa d6 x  dong thudn ching hoa tring

6 kb
8kb
F, 6 kb X 6 kb
8 kb 8 kb
F 6 kb 6 kb 6kb
8kb 8 kb 8 kb
8kb/8kb  6kb/Skb 6kby/ 8kb 6kb/6kb

Hinh 5.9. So d6 tting dung ky thuat phap RFLP dé kiém tra kiéu gen.

3. Ky thuat AFLP (Amplified Fragment Length Polymorphism DNA)

AFLP - Ba hinh chicu dai cic doan DNA duge khuéch dai chon loc, do Vos
va cong su phit minh 1975. Nguyén tic cila phuong phiap AFLP gidng nhw RFLP,
diem khidc biét co ban 1a AFLP khéng cén tién hanh lai phan tit (lai Southern blot), do
vay thyc hién nhanh hon. K§ thuat AFLP gém hai néi dung co ban (a:

- Cit DNA bing enzym gi6i han cé bé sung cic adaptor dic hiéu tao nén cic
doun c6 diu muit giéng nhau, dic tning cho cic méi di chon trude.

- Nhan doan DNA bing k¥ thuit PCR ngit quang véi hai loai méj khde nhau.

Qui trinh thue hién AFLP gém bon budc:

- Tach chiét va tinh sach DNA.

- Cit cic miu DNA nghién ciiu biing cic cip enzym gi6i han (RE) chon loc
¢6 bé sung cdc adaptor phit hop.

- Tién hanh PCR ngét quing v&i hai loai méi dic hiéu, méi | +1 nucleotid vi
mai 2 + 2 nucleotid,
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- Phan tich két qua bing cdc phin mém thong dung, lap dendrogram dé xdc

dinh su khdc biét di truyén va da dang sinh hoc ctia cic mau nghién ciu.

v

5’.... GAATTC TTAA... 3
3’....CTTAAG AATI.LS?
EcoRI T Msel
AATTC Y T
G XX000000XaAT
Mai | +1
Adaptor EcoERI + A(5”) Adaptor Msel + C(5°)
A
o DR I
AATTCA GTTA
TTAAGT )OO0000(CAAT
Moi 2 42
Adaptor + AC (57) Adaptor + CC(5)

AC
[y |
PRE cd
AATTCAACXXXX)OOO(XGGGTTA
TTAAGTTG CCCAAT
Hinh 5.10. So d6 ky thuat AFLP.

4. Ky thuat SSR (Simple Sequence Repeats)

SSR — la ky thuat khuéch dai cdc doan lap lai don gian, con goi 1 phuong
phap vi vé tinh hay ti€u vé tinh (Micro satellite). Bo gen eukaryote c6 nhiéu doan
DNA 1ap lai, cdc doan lap DNA c6 kich thuéc dai ngén khic nhau tuy theo timg loai,
ting giéng. Vi du, & lda c6 khoang gan 1000 lan lap lai trat tu AC/TG, khoang trén
300 lan lap lai trat tr GATA/CTAT, nhiéu loai cay mot 14 mam (ngo, lda...) lap lai
doan CGG/GCC. Cdc doan DNA lip lai thudng ndm gdn tam dong hoic ddu miit cha
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cac nhiém siic thé, co thé cd vai trd giit tinh 6n dinh cha b nhiém sac thé, trong céc
qud trinh phin bao. |

St dung cic méi don gian dé€ khuéch dai cic doan DNA lap lai. Dua vio kék
qua thu duge vé do dai cdc doan lap DNA khéc nhau, s6 lugng cic doan lap DNA
khic nhau giita cdc gidng dong vat, thuc vat va vi sinh vt cé thé xac dinh duge mikc
do da dang di truyén cba cde miu so sinh. Vi du, bing k¥ thuat SSR nghién ciiu sy
khic biét bd gen gilta ciy du du duc va du du céi, Parasnis (1998) phit hién doan lip
GATA kich thude 5 kb chi ¢6 & ¢y duc khong ¢é & cay cdi; mét s6 nghién citu & ca
chua biing k¥ thudt SSR st dung cdp m6i GACA va GATA da phdt hién trong bo gen
cay ci chua cé 32 doan lap. St dung k¥ thuat SSR ¢6 thé phdt hién nhanh sur khéc
biét DNA giifa cac c4 thé, dé thuc hién va it t6n kém.

Ciéc bude thyc hién k¥ thuat SSR cha yéu la:

- Tdch chiét va tinh sach DNA cia cdc méu nghién ciu.

- Thuc hién phan tng nhin gen qua PCR vd&i cidc méi dic trung cho cic doan
ldp don gian.

- Dién di két qua trén gel agar va tinh todn s6 liéu, xdc dinh midc do giong va
khic nhau giira cic doan 1ap DNA.

- X{r Ii s6 liéu biing cdc phin mém Map Marker Program, SYSTAT, NTsys -
PC...l1ap ban d6 di truyén va dung cdy phdt sinh ching loai (dendrogram).

V. NGUYEN LY KY THUAT CHUYEN GEN VA UNG DUNG

K§ thuat chuyén gen, ghép gen I k¥ thuit dua mot gen la (mot doan DNA,
RNA) viio t€ bio chi (host cell) lam cho gen 1a tén tai & cic plasmid trong t&€ bao chu
hodc gin vao BQ gen té€ bao cha, tc‘in.tai va tai ban cling v&i b gen cua t€ bao chu.
Gen la trong t€¢ bao chu hoat dong 1éng hop cic protein dic hiéu, gay bién déi cic diic
diém di c6 hoic 1am xuat hién nhitng dac diém méi ctia cic co thé chuyén gen.

Sinh vat chuyén gen bao gém cdc giéng cay tréng, dong vat v vi sinh vat
mang céc gen ¢é loi cho con ngudi, tao nén cc san phdm ¢ ning suat cao pham chét

t6t. Cay chuyén gen, dong vat chuyén gen ngdy cang ducc dua vio sin xuit phé bién



CO SG DI TRUYEN PHAN TU'VA KY THUAT GEN 157

& nhiéu nudc trén the gidi, dua lai loi ich kinh t& ddng ké gép phin xod d6i giam
nghéo, bio vé moi truemg bén viing. C6 hai hinh thitc chuyén gen chi y&u 1a chuyén

gen truc ti€p va chuyén gen gidn tiép.
1. Chuyén gen truc tiép

Chuyén gen truc tiép thudng sir dung mot s6 k§ thuat khic nhau siéu am,
xung dién hay polyethylene glycol (PEG), vi tiém, bin gen... dé bién nap gen la
(DNA) vao té bao chil.

L1 Ky thudt siéu dm

Ky thuat siéu am dwge sit dung dé chuyén gen vao t€ bio trin. Siéu am lam
cho DNA ngoai lai dé xam nhap vao bo gen (DNA) clia t& bio vit chi.

Qui trinh: tdch (¢ bio trin (protoplast) tir thit 14 bing cich xi 1y véi enzym
pectinase va cellulose. Ly tim 6000 vong / phiit dé tinh sach t&€ bio trdn. T€ bdo tran
duge treo frong méi trudng chia 20% - 21% dudng sucroza, nudi & néng do
3 x 10%ml. Cim déu siéu Am véi d6 su 3mm, tén s& 20 kHz. Sau d6 dem cdc (& bao
trin nudi trong moi trudng thich hgp trén hop petri, thir va xdc dinh cdc 1€ bao trin da

dugc chuyén gen. Tich rieng cdc & bio trin di chuyén gen, nudi vA tiép tuc theo déi.
1.2. Ky thudt dién xung

Diing thiét bi dién xung (electroporation) tao dién thé cao khoing 500 V/em,
véi khoang thai gian 4-5 phin nghin gisy tao nén cdc 16 trén mang € bao trin, lam
cho DNA la bén ngoai ¢6 thé xam nhap vio bd gen ciia t& bao. Béing k¥ thuat dién
xung di tao duge cdc gidng mia chuyén gen (Molina, 1992), va nhiéu gidng thuc vit
chuyén gen khic.

Qui trinh thuc hién: tron cic t€ bio trdn véi plasmid tdi t6 hop chita gen cén
chuyén trong mét 6ng cuvet chuyén dung, dat & giita 2 tdém kim loai cdch nhau
khodng 1 - 4 mm. Sau khi dién xung chuyén cdc t€ bio tran sang dia petri chita moi
truong Bs (Gamborg), r6i chuyén sang méi trudng c6 khang sinh  kiém tra va chon

cdc t& bio trin cé chuyén gen.
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1.3. Ky thudt PEG

Polyethylene glycol (PEG) la chit ¢6 i luc lén véi nude. Khi & ndng d6 cao,
PEG lam cho DNA dinh vao mang nguyén sinh chit cla t€ bio, tiép dé t€ bao trin
“nudt” DNA trén mang theo co ch€ amip. Téch va tinh sach t€ bao trén bing enzym
pectinase va cellulose. Ly tam 6000 vdng / phit dé tinh sach t& bao trdn. T€ bao trin
dugc treo trong méi truomg nudi thich hop vdi timg loai thue vat, ndng dé 3 x 10%/ml.
Sau dé ly thm lam lang protoplast, thém 20 pl DNA(20pg DNA) plasmid tdi t6 hop
¢6 gen can chuyén. Thém 2ml PEG vao méi trudng nudi lic nhe trong 30 phiit, rira 1-
2 lan bang moi trudng nudi.  Kiém tra két qui bing nuéi 1€ bio trin trén moi trudng
¢6 chifa cac khing sinh chon loc dé tich cde t€ bao trdn di duge chuyén gen, nuoi

riéng hodic tiép tuc nghién cinu.
1.4. Ky thudt vi tiém (micro injection)

Ky thuat vi tiem duge sir dung rong rdi, 14 k§ thuat ding truc tiép mét luong
DNA nho tiém vao (& bao, hodc tiém vio trimg di thy tinh & giai doan phoi 4-8 t& bio
hoic tiém vao cdc “t€ bao réng”, cdc “phoi réng”. Ky thuat vi tiém sit dung cic thiét
bi vi tiém hay mdy vi nhu dong do 1a cac “silanh siéu nhé”. Céc thiét bi ndy dung dé
hiit b6 DNA nhiin ciia phoi, clia t€ bao hoac hiit cdc gen cin chuyén di nhian qua PCR
vil bom vilo cdc t€ bao trimg réng, phoi réng.

Diing k¥ thudt vi tiém nhdm cdc nha khoa hoc Scottand di tao nén ci Dolly
2.1997, nhém cic nha khoa hoc My tao nén bé “Gen” 8.1997 bﬁﬁg phuong phip sinh
san vO tinh, Hién nay k¥ thuat vi tiém sit dung cé hiéu qua trong chuyén gen, tao

nhiéu gidng dong vat chuyén gen va cde dong thuc vat chuyén gen.
L.5. Ky thudt bdn gen

K§ thuat bin gen ddu tién do Sanford & dai hoc Cornell (M) dé xudt 1987.
Sting ban gen ddu tién 13 PDS -1000 (particle delivery system 1000) do hing Biorad
san sudt, toc do vi dan dat 1.300m/gidy. Vi dan (microprojectile) dung hat volfram
hodc hat viing tron véi gen cdn chuyén (DNA) va phu gia lam DNA két tda va bao

quanh vi dan. Sau d6 vi dan duge lam kho trén mot dia kim loai méng duong kinh
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0,5-0.8 cm, vd duge gin vao ddu mét vién dan 16n. Sing bin gen la thiét bi ¢b luai
thép min bén ngoai ddu nong cich diu nong khodng 2 cm. Cho phép khi vién dan lén
vit dia kirﬁ loai chita vi dan duoce biin ra khéi ddu nong s& dugc giir lai, con cic vi dan
dugc ban vio 1€ bao véi mét gia t6c 1dn. Gen cén chuyén (DNA) duoe bin vio t& bao
c6 thé téi t6 hop v6i bo gen cha t€ bao tao nén cdc (€ bio cé gen la. Tich riéng cdc 1€
bio nuoi trong diéu kién thich hop, tao cdc ¢ thé chuyén gen.

Hién nay c6 rit nhiéu ki€u siing ban gen duge ché tao ngiy cang hién dai va
hiéu qui hon nho sir dung ludng khi helium dp luc cao. C6 thé khong ding vién dan
16n ma dimg bo phin nén khi manh tao dp e ddy vi dan nhwe sting bin gen Sautter do
Sautter d€ nghi 1991, hoiic sing Finer Do Finer & Pai hoc Ohio (My) dé nghi 1992...
Nhitng nam gin diy & Viét Nam nhiéu tic gia thuoe Vien Cong ngheé sinh hoc, Vién
Di truyén nong nghiép da sir dung siing bin gen Corbo-PIG chuyén vio mé €0 cic
plasmid pMON, PRQ6 mang cic gen chéng rdy, chéng nim bac 14 thu dugce nhiéu

dong lia chuyén gen ¢é nhiéu dac tinh t6t.

1.6. Ky thudt chuyén gen bdng soc nhiét

Bang 5.1. Mot s6 ky thuat chuyén gen duoc img dung

trong chuyén gen ¢ cay lia

Két qui chuyén gen Doi nrgng K§ thuat Tic gia
Callus liia Japonica Té¢ bao trin | PEG Uchimya va CS 1986
Lia Japonica chuyén T bao trin | Xung dién Toriyama va CS 1988
gen Té bao trin | Xung dién Zhang via CS 1988
Lia Japonica chuyén Té& baotrin | PEG Zhang va Wu 1988
gen Tébaotran | PEG Datta va CS 1990
Liia Japonica chuyén Phoi Agrobacterium.| Hiei va CS 1994
gen.

Cay lia indica dau tién | Phéi chua Qard va CS 1996
Chuyén gen qua trudng Bén gen

Agrobacterium thanh

Chuyén gen khing thuéc

diét co




60 MQT SO PHUONG PHAP CO BAN SUDUNG TRONG KY THUAT GEN

K# thugt soc nhiét don gidn dé tuye hién thudng sir dung trong chuyén gen &
vi khudn cho hi¢u qua cao. Qui trinh: nu6i E. coli trong mo6i truwdng thich hgp, cé bé
sung CaCl, S0mM (néu néng d6 t& bao qud thip, cé thé Iy tam t6¢c do thap dé tang
mat do t&€ bao). Tron chung cdc plasmid tdi 6 hop c6 gen cn chuyén véi cdc 1€ bao
bién nap & nhiét do lanh 5°C trong 30 phiit, tang nhiét do 1én 42°C trong 2 phit, lam
lanh 4 - 5°C trong 30 giay. Chuyén sang nuoi cdy O nhiét d6 binh thudng trong moi
trudmg c6 chit khdng sinh hoac chélt chi thi chon loc v agar dé kiém tra céc t&€ bio da

duge chuyén gen.
2. Chuyén gen gian tiép

Chuyén gen gidn tiép 1a k¥ thuat bién nap DNA (gen) nhd nhan t& trung gian

14 vi sinh vat, thudng ding vi khudn Agrobucteriuni va virus.
2.1. Chuyén gen nho vi khudn Agrobacterium

Agrobacterium 1a nhém vi khudn gay cdc khéi u & thuc viat, co hai loai
thudng pap 1& Agrobacterium tumefaciens va Agrobacterinm rhizogenes. Gan day,
phiéu nghién ctu khiing dinh c6 thé vi khuin Agrobacterinm lam vecto chuyén gen,
¢6 thé dua gen la vdo t&€ bdo thuc vit, dong vat.

Trong té& bio A. tumefaciens ¢ mot plasmid 16n, kich thude khoang 200 kb
tao nén cic khoi u & thue vit (tumor inducing = Ti) goi 12 Ti plasmid. Cay bi nhiém
A. Tumefuciens qua cic vét xude, A. Tumefaciens da truyén mot doan DNA ciia Th
plasmid v duge gin vio bd gen cia cily, tao thanh cic khai u. Poan DNA cua Ti
plasmid (T-DNA) khodng 25 kb trong d6 c6 cdc gen mi hod sinh tong hop auxin,
xitokinin, opin, ¢ic gen gay khéi u (oncegen), cic gen tii ban plasmid va viing gen
Vir (vimg gen gdy kha nang xAm nhiém). Khi ciy nhiém bénh, T- DNA gin vao bo
gen cia cay, hoat dong san sinh auxin, xitokinin va opin gdy nén cdc t€ blo phan
chia v6 16 chiiic tao nén cac khéi u.

A. Rhizogenes cling chita mot plasmid gy nhiéu long to (oot inducing) goi 1a

Ri-plasmid. Poan T-DNA ciia Ri-plasmid gin vio bd gen cha té blio, san sinh auxin
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giy hién tugng nhicu ré to clia city bi nhiém bénh. Vi khudn A. Rhizogenes chi nhiém
cho cay 2 1a mam.

Sir dung vi khuan Agrobacrerium chuyén gen gap khé khin 16n, do Ti
plasmid cua Agrobacterium 16n (200kb} khé chuyén gen, Ti plasmid chita ¢dc gen
ghy khoi u bit lgi cho thue vat, mat khac khi chuyén cdc Ti plasmid nay vio E. coli,
khong c6 kha nang tii ban trong £. coli. Do d6 tit cdc Ti plasmid ngudi ta ¢il tao nén
cac plasmid nhéin tao. Ly doan DNA cia T plasmid giit vai trd gitp su xam nhap tdi
bin trong 1€ bao, vi doan DNA ¢in cho hoat déng cta plasmid trong & bio, ghép véi
mot doan cua plasmid pBR322 tao nén cic plasmid nhin tao méi la cdc vecto nhi thé
hodc vecto Hién hop.

Vi dy, ¢ thue vat gen cry cia vi khuan B. rhuringiensis véi nhiéu gen cryl,
eryll,.... eryVI trong d6 hai gen crylA(b) va crylA(c) duge cii tién nhd ki thuit
gen ¢6 doe tinh cao, phé diét sau rong duge sit dung nhiéu trong chuyén gen thuc
vat. Nayar vi cdng su nam 1997 cho thiy trén cay lda Indica duge chuyén gen
crylA(b) vi crylA(c) co két qua digt duge sau duc than. Sit dung gen crylllA dé
phong diét con tring thude coleoptera (nhu mot gao vi bo xit) 1a phuong phép c6
hiéu qua.

Cic chang Agmimf-!erfum khic nhau ¢6 cic dang Ti plasmid khic nhau,
citu trde Ti plasmid €6 4 ving twong dong, ving T-DNA va ving vir (virulence),
lién quan fryc 1iép tdi su hinh thanh khéi u, hai ving cdn lai chita gen ma hod cho
viéc tdi bin plasmid (replication) vd chuyén nap (conjugative transfer). Vimg vir
phy trdch khi nang giy nhiém, lam trung gian cho qué trinh chuyén  T-DNA. Cé
t6i 24 gen doc nim trong ving vir trén Ti plasmid dang octophin, céic gen ndy sip
Xép trong 8 operon tif virA — virH, méi operon thudng chita mét s6 gen. Trong bo
gen cua ciy bi khéi u tén tui mot hodc vii ban sao cia T-DNA, mot s6 rit it trugng
hap b gen thuce vat chita nhiéu hon 10 bin sao cia T-DNA, cic bian sao T-DNA ¢6
thé niim trén ciing mot locus hodc ¢6 thé gin & cic vi tri khic nhau trén DNA thuc
vat. ¢ ci chua ¢ 7 doan T-DNA cua Ti-plasmid da giin vao 5 nhiém sic thé khic

nhav, & Crepis capillaris T-DNA thdy trén 3 nhiém sic thé ¢6 cic doan T-DNA.
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VIR
VIR

oN

Hinh 5.11. Ti — plasmid octophin (pTiAchS) va nopalin (pTiC58).
(J: ving twong dong gitra hai plasmid
3 : vang chuyén nap
Ori : Diém khéi déu tdi ban plasmid
VIR : Vung lay nhiém
T, : ving trdi T-DNA, Tyviung phai T-DNA

Trén Ti- plasmid ving T-DNA duoc giéi boi mét doan trinh tu 1ap lai gém 25
cap base nito  GGCAGGATATATTCCGTTGTAAT va goi la doan ranh giéi (T-
DNA border sequence). Doan ranh giéi bén phai (Ty) c¢6 yéu t§ hoat dong cis cin
cho qua trinh chuyén T-DNA, cdc khéi u khéng duge hinh thanh hoic bi suy giam
néu bi cit doan ranh giéi bén phéi. Trong khi doan ranh giéi bén trii (T,) c6 anh
huodng rét it dén su hinh thanh kh6i u. Céc gen trén T-DNA gém hai nhém: Nhém
gen ma hod cho cic enzym cho cic qué trinh sinh tng hop opin, 12 san phdm dugc
vi khudn Agrobacterium sit dung 1am nguén nang lugng cung cip cacbon va nito;
Nhém gen gay khéi u mfang cdc gen tmsl, tms2 ma hoé cho sinh téng hop auxin ;

tmr mad hod cho enzym lién quan dén sinh téng hop cytokinin. Khi T-DNA xam
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nhip vao by gen cla cay chd, chung bit ddu hoat dong vi san sinh ra auxin,

cytokinin va opin, cdc t€ bao phan chia vo té chiic vi tao cic khoi u.

Bang 5.2. Mot so cay duge chuyén gen cry

Crystal protein {cry) Con triing Cay chuyén nap
crylAa Lepidopiera | Cranberry, poplar, rutabaga
crylAb Lepidoptera | Téo, bong vai, bip, khoai tay, lia,
thuée 14, ci chua, White clover

crylAc Lepidoptera | Tdo, bap cai, béng vai, nho, mu tat, lac,
lda, dau nanh...

crylCa Lepidoptera | Alfalfu, arabidopsis, thude 14

crylH Lepidoptera | Ngo

cryllAa Lepidoptera | Béng vai

crylllA Coleoptera | Catim, khoai tay, thusce 14

cryVIA Coleoptera | Alfulfu

crylXC Lepidoptera | Ngo

Ré& cua cdy bi tén thuong tiét ra céc hop chdt dang phenol nhue axetosy-
ringon, o-hydroxy- axetosyringon. Agrobacterium nhan biét ¢ bao chi thich hop
va gan vio thanh t€ bao thuce vat, nhe hoat dong ciia cic gen vir, chinh cic hop chat
nity v6i vai trd cdm \{ing gidp cho cdc gen viing vir ciia Ti-plasmid hvat déng. Khi
Agrobacteriunt xam nhiém t€ bio thuc vat qua vét thuong, gen virA nhin bigt su cé
mat va twong tac vdi cdc phan tr axetosyringon din dén sy hoat dong ciia gen
virG, cdc protein VirG lai kich hoat céc gen gay doc con lai nhu virB, virC, virD va
virE ...

Céc vecto Ti-plasmid nhan tao duge sir dung trong cong nghé gen thuc vat
c6 thé chia thanh hai dang chinh : vecto lién hop (co-integrate vecto) vi vecto nhi
thé (binary vecto).Vecto lién hop duoe thiét ké dua trén Ti-plasmid véi viing vir
duge gitr lai, Ti-DNA mi hod chifc ning gay ung thu bi loai bd (hay thé vao dé 1a
doan DNA mdi.

G Viet Nam cdc tic gia Hoang Kim Oanh, Nguyén Ditc Doanh va cong sir

(1998) da sir dung Agrobacterium tumefaciens dé chuyén gen chéng nam, chéng siu
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duc thin vao md seo lita, tao duoc cic dong lila chuyén gen, mang gen chéng nim ,
- N 1 .. g ' a . s N . ~ -
chong sau duc thin, tuy nhién su biéu hién coa cdc gen nily trong cac dong lda

chuyén gen chua ro.
2.2 Chuyén gen nhe virus va phage

Sit dung virus va phage 1am vecto chuyén gen & té bilo dong vat vix vi khudn
6 ket qua cao, phage A duge st dung phd bién nhat. Tir phage A da tao ra hang loat
cdc phage tit t& hop (phage A thé hé 2) rit da dang phage EMBL3, EMBL4, AGEM
11, \GEMI12, Agtl]... Phage M13 c6 DNA m6t mach don, kich thude 6,4 kb 1a co
50 Ly tudng dé tao cic vecto tich dong manh. Sir dung phage 1am vecto chuyén gen
¢6 lgi hon cdc loat plasmid khdc vi phage ¢é hé théng xam nhip vio vi khudn, sinh
san rdt nhanh, hi¢u qua hon dung cdc loai plasmid d€ chuyén gen vio vi khudn.
Trong nhiéu trudng hop céc virus BPV (hovine papilloma virus) gay cic mun cée &
da bo, virus SV40  duoc ding lam vecto chuyén gen dong vit cé vi. Chic
Candiflower mosaic virus (CaMV) chita DNA kich thude 8 kb giy bénh dém 14

loang 16, ciing duge sir dung lam vecta chuyén gen & thuc vit.
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I. NHIEM SAC THE

Nhiém sic thé 12 nhimg c4u tric hién vi trong nhan t€ bao, ciu tao chil yéu tir
DNA va protein kiém (histon), ¢6 kha ning tv nhian doi va bién ddi hinh thdi cau triic
theo qui ludt trong cde qud trinh phin bao.

Nhiém sde thé t6n tai trong nhan t€ bao soma thanh timg cap déng dang,
trong dé mét nhiém sic thé ¢ ngudn gée tir b6 va mot 6 ngudn goc tir me. Trong
céc t& bao binh thudng méi nhiém sic thé gém 2 nhiém sic tir (chromatid), trong cdc
giao tit bo nhiém sic thé don boi & dang mot nhiém sic tir. Mbi loai binh thudng cé
bo nhiém sic the ludng boi (2n) dic trung riéng vé s6 luong, hinh thdi ciu tric | dn

dinh tuong déi qua cdc thé hé.
I. Cau tric nhiém séc thé

Nhiém sic thé & sinh vat prokaryote cau tric don gian, 13 phan tir DNA trin
(khong <6 su tham gia clia cdc phan tit protein kiém) cuén xoin tao thinh cdc vimg
nhiém sdc. Nhiém sic thé & enkaryote cau tric tir cdc nucleosom, mdi nucleosom do
“phan 1t DNA cuon xodn 1, 75 vong quanh 8 phan tif histon, méi vong xoin DNA
gom 80 ciip nucleotid.

Chu triic co ban cia mot nhiém sic thé gom tim déng, cinh dii, cdnh ngén
vi diém mit. Tam dong ¢6 vai trd quan trong trong cic qud trinh phan bio, la diém
bam cua thoi day 1o vo siic d€ cdc nhiém sic thé phan Ii v& cic cuc &€ bao khi (€ bio
phan chia. Tuy theo vi tri clia tam dong c6 thé chia nhiém sic thé thanh cdc dang ciu

tridc: t4m can, tim léch va tim miit. Diém miit 1a viing DNA ddu mdt cta nhiém sic
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thé, thudng & dang mach thing, giif vai trd quan trong cho su tdi ban va miic do tén

tai cia t€ bao dai hay ngén, gép phin quyét dinh tudi tho ctia ci thé.

DNA

/ MNucleosom

" 30-nm

Hinh 6.1. Cic mifc do cau tric ctia nhiém sic thé.

Mai nucleosom c6 dudng kinh 110 A (1 A = 10"mm), cic nucleosom néi véi
nhau bing cdc doan DNA ngin kich thudc khoang 15 - 100 bp tao thanh soi co ban
c6 dudng kinh 110 A (chudi nhiéu nucleosom). Soi co ban cuén xoin tao thanh soi'
nhiém sic dudng kinh khodng 300 A, cdc soi nhiém sic xoin gap khiic khi dat cuc
dai tao thanh cdc nhiém séc tir khoang 700 A, mot nhiém sic thé dién hinh gom hai
nhiém sic tr ¢6 dudng kinh khoang 1400 - 1500 A, & mét s6 it loai c¢6 nhiém sic thé
rat 16n, dudong kinh c6 thé t6i 6000 A . Hinh dang, kich thuéc nhiém sic thé dic trung
riéng cho timg loai sinh vat, quan sit rd nhat o ky gitta cia qud trinh phan bao.

Hinh dang, kich thuéc va s6 lugng nhiém sic thé khong biéu hién miic tién

hod cua sinh vat. Vi du, & ngudi 2n = 46, bo 2n = 60, ga 2n = 78, rubi gidm 2n= 8,
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lia 2n = 24, ng6 2n = 20... Cic giao tir c6 bd nhiém sic thé don boi (n), & ngudi
n=23, ngoén=10,bon=30...

2. Co ché 6n dinh ctia bo nhiém sic thé
Trong qua trinh phan bao nguyén phan cic nhiém sic thé nhan d6i mot lian
& ky trung gian va chia d6i mot 1n & ky sau, nén s6 lugng nhiém sic thé cla cic té

bao con giéng nhau va giong t€ bao me (2n). Nguyén phan 1a co ché dam bdo tinh

6n dinh cua bo nhiém séc thé qua cdc thé hé t& bao trong cling co thé.

Trn tu NST 1

NST 2

Trung td

Mang nhéan
Hach
nhan

N ; NST 2 N # ach nhan
Céc té bao con KY TRUNG GIAN NST 1 KY TRUGC

e NNEN Tam dén e
Day to ¥ -
vO sac e ——gpad N
NSTIRSN\ ===
' Tam dong—g _ 7
X NST 2 <
Hach nhan NST chiem

Td nguyén sinh chat -~ KYGIUA
'-'e" _;__‘_‘ -~ l’“,’\ 5 = ki < ey
N i e
) g '
KY SAU \kﬁ = 7

Hinh 6.2. Phan bao gidn phan.

Hinh thdi va cflu tric nhiém sic thé trong nguyén phan bién déi theo chu
ky. O ky trung gian chi 1 cdc soi nhiém séc rit manh (cdc phan tir DNA) moi qud

trinh ty nhan doi, phién ma va dich ma xay ra & giai doan nay. Bude vio ky trude
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soi nhiém sdc bat diu xoan lai kich thudc nhiém sic thé 16n dan. O ky giita dat
miic xoan cuc dai cdc nhiém sic thé ¢6 hinh dang kich thuée 16n nhat dac trung cho
loai. Ky sau cdc nhiém sic thé theo thoi day to vo sic truot vé cic cuc t€ bao,

nhiém sic thé gidn xodn va trd lai dang soi nhiém sic manh & cudi ky cudi.

Giam phan I Giam phan II

Hinh 6.3. Phan bao giam phén.



CO SO DI TRUYEN PHAN TU VA KY THUAT GEN 169

Trong phan bio gidm phan nhiém sic thé duge nhan doi maét 1an & ky trung
gian v chia doi 2 lan & k¥ sau cta gidm phan T va ky sau ciia gidgm phan 11, nén s6
luong nhiém sic the trong cdc giao tir gidm di mot nita so véi 1€ bio soma. Cic giao
tr ¢6 b nhiém sic the don boi (n). Su két hop gifta giao tr due va giao i cii trong
thu tinh tao nén cde hop tir ludng boi (2n), dim bao tinh én dinh cha bé nhiém sic thé
cua lodi gua cdc thé he,

Trong giam phan hinh thdi ciu tric nhiém sic thé bign déi theo chu ky. Ky
trung gian nhiém sic thé & dang soi nhiém sic manh, k¥ truse soi nhidm sic xodn lai
kich thude nhiém sic thé 16n ddn va dat kich thude dic trieng cua dodi & ky gitia cia
gidm phén I, hinh thii kich thudc giir dén k¥ giita cla gifim phan I1. ky sau cla
giam phan II cdc nhiém sic the gidn xodn va trd Tai s¢i nhiém sic minh & ky cudi ciia
gidam phan IL

Su bi¢n d6i vé hinh thdi ciu tric nhiém sic thé mang tinh chu ky trong
nguyén phin va giam phan, 1a co s¢ bio dim thudn loi cho tu nhan d6i va phan li cia
cde nhiém sic the, bio dam théng tin di truyén duge truyén dat mot cich chinh xdic
qua cdc the hé 1€ bie trong cling co thé, v qua cic thé hé khic nhau trong moi lodi

sinh vat.
II. QUI LUAT DI TRUYEN MENDEL

Di truyén nhiém sic thé 1a s di truyén clla ciic tinh trang do cdc gen niim
trén nhiém séc thé qui dinh. Cic tinh trang duoge di truyén qua cdc the hé trén co s¢ su
phan li doc lap, to hop tu do cia cac nhiém séc thé wong cdc qud trinh gidn phan,

gidam phan va thu tinh.

1. Mot s6 thuat ngiy

- Gen (gene): nhin t6 di truyén qui dinh cic dac diém tinh chét ciia sinh vilt:
nhu hat ving |, hat luc...

- Alen (alelle): Cic trang thai khic nhau clia mot gen, trang théi tréi got 1a

alen tréi (con goi 1a gen troi), trang thdi lan goi ta alen lan (con goi 1a gen Tan).
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- Kiéu gen {genotype): tip hop cic gen trong co thé, thudmg chi xét dén mét
s6 gen dang nghién ciu.

- Kiéu hinh (phenotype): 1a céc tinh trang do kiéu gen qui dinh duge biéu
hién

2. Cac qui luat di truyén Mendel

Nim 1865 Gregor Mendel cong b két qua thi nghiém nghién ettu s di
truyén ctia 7 dic diém & cic giong dau Hi Lan. Mendel 1a ngudi dau tién kham phd
qui ludt vé sy di truyén cic tinh trang, néu khai niém nhan 16 di truyén (vé sau goi fa
gen). Cong trinh Mendel bi ling quén, naim 1900 cong trinh nghién ciu trén 16 lod
thuc viit khiic nhau cia 3 nhi khoa hoc Hugo Vries (Ha Lan), E. Correns (Piic) va E.
Tschermak (Ao) cic qui luit di truyén Mendel dugc tdi phdrt hién. Theo di két qui thi
nghiém lai gilta cdc giong diu HA Lan, Mendel cho ring méi cip nhiém sic thé cé
chita mot cap gen, méi cap gen qui dinh mot ¢iip tinh trang va di truyén doc lap véi
nhau.

Cong trinh nghién ciiu coa Gregor Mendel duge 1ap hop thianh ba qui luat di
truyén:

1. Qui fudt tinh teéi.

2. Qui luat phan l1 tinh trang.

3. Qui luat phan 11 doc lap.

3. Tinh da hiéw ciua gen

Trong cdc thi nghiém lwi cic gidng div Ha Lan, Mendel da phdt hién su
ki€m sodt nhiéu tinh trang clia cing mot gen goi [a tinh da hiéu clia gen. Chang han,
gen qui dinh hoa mau do & dau dong tha xdc dinh vo hat miau ndu hoiic €6 cic vach
do & be 4.

Cic nghién ciiu sau nay cua Vavilop (nhi khoa hoc Nga) cho thady & nhiéu
lodi thue vét ¢6 biéu hién tinh da hiéu cia gen, nbuw & lia mi gen qui dinh vo hat den

dong thdi kiém sodt tinh trang miy hat c6 16ng.
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II1. DI TRUYEN TUGNG TAC GEN

Trong thuc tién nghién ctu di truyén hoe phat hién nhiéu tinh trang cla sinh
vat khong phan li khéng theo cic qui luat Mendel. Nhiing tinh trang nay do nhiéu cap
gen Kiém sodt, sy twong tée gitta cdc cip gen khong alen ndm trén cdc cap nhiém séc
thé khic nhau, tao nén cic ty 1¢ phan li kiéu hinh dic trung rieng. C6 nhiéu kiéu
tuong tdc khie nhan: tuong tdc bé trg, tuong tdc dt ché, trong tic cong gon. .

Tiong tic gen lam tang tinh da dang phong phii cua sinh gigi, déng thoi giai
thich sur phan 1i kieu hinh khong theo ty 1é Mendel cia nhiéu ciip tinh trang. Di truyén
tuong tdc gen ¢6 thé xdy ra véi hai hay nhidu cip gen niim trén cing mot cap nhiém
sic thé, hojc trén cic cap nhiém sic thé khic nhau, Trong pham vi gido trinh ching
ta xét mot s6 qui ludt twong tic chit yéu cla cdc cip gen trén cdc cip nhiém sic thé
khic nhau.

1. Qui luat tuong tac bo tre giita cic cap gen

Viduy 1: Khi lai gita 2 gi6ng bi qua trdn khdc nguén géc thu duoe F, déng
loat bi qua det. Cho bi F, thu phin v&i nhau duge F, ¢6 ty 1¢ phan 1i 9/16 bi qua det:
6/16 bi qua tron: 1/16 bi qua dai.

P: Quil tron X Qua tron
AAbb l aaBB
F, AuBb (Quadet) x  AaBb (Quadct)
F. 9{A-B-): 3(A-bb), 3(uaB-): | {(anbb)
AN —y A N — AN v A

9/16 Quadet  6/16 Qua tron 1716 Qui dai
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Vi du 2: Tién haoh ta gitta 2 giong diu thom (Lathyrus odoratus) dang hoa
triang thu duge F, déng loat hoa d6. Cho  F; thu phén véi nhau duge F, ¢6 ty 1& phan

1i kiéu hinh theo ty 1¢ 9 hoa do : 7 hoa tring.

P Hoa tring X Hoa triing
AAbb i aaBB
F, AaBb (Hoadd) x  AaBb (Hoa doé)
F. S(A-B-) : 3(A-bb), 3(aaB-), 1(aabb)
— - — v
9/16 Hoa do 7/16 Hoa tring

2. Qui Inat tirong tac at ché giira cic cap gen

Vi du: Khi lui giita 2 giGng ga c6 long tring nguén goe khic nhau thu duoc
F, dong loat ga 6 leng tring. Cho  F, giao phéi véi nhau duge ty 1& phan li kiéu '

hinh F : 13/16 ga 6 1ong tring: 3/16 gi ¢6 léng nau.

P Long tring X Léng tring

CCII i ccii
F, Celi (Long trang)  x  Celi (Léng triing)
F. 9(A-B-), 3(A- bb), 1(cabb): 3 (aaB-)

" Y

13/16 Long trang 3/16 Lorg niu
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3. Qui luat twong tic cong gop gitra cic cap gen

Thi nghiém lai lda mi c6 hat miu d6 d4m véi lda mi c6 hat mau triing cla
Nilson- Ehler (Thuy Dién, 1908), di phat hién qui luat di truyén (uong tic cong gop
gilta cdc ¢ap gen.

‘irong truong hop ¢6 sy di truyén tuong tic tich luy s6 luong gen troi, kidu
hinh cia cd thé bidu hién 1wy thude s6 lugng gen troi trong kidu gen. Khi kidu gen
cta 4 thé c6 nhiéu alen troi, ki€u hinh vé tinh trang twrong ting cta cd thé biéu hién
manh. Nguoc tai kiéu gen cua'ca thé ¢6 it alen troi, ki€u hinh vé tinh trang tuong (ng
cta cd thé biéu hién kém, nhiing cd thé khong mang alen tréi biéu hien ki€u hinh
kém nhat.

Thyc hién thi nghiém lai giita gidng Ida mi ¢6 hat mau dé dam thudn ching
voi giéng lia mi hat mau tréng thudn ching, dugc F, déng loat o6 hat ¢é mau do
héng. Cho F, thu phin véi nhau duge F, c6 ty 1& phan i kiéu hinh 15 hat mau do: 1
hat mau trang. Mau séc hyt d6 cla hat lda mi thay d6i tir d6 dam dén d6 rét nhat tuy
thudc 6 alen troi trong kiéu gen:

P Hatmaudodam x  Hat mau trdng

AAAA, i apdy d;d,
F.: Aja Asa, (BOhongy  x Aja; Aya, (D6 héng)
Ty 1& phan li cdc loai kiéu hinh & Fi:

| Hat mau do dim (c6 4 alen tréi A, A, A, vaAL)
4 Huat miu do (cé 3 trong 4 alen tréi)

6 Hat mau do héng (c6 2 trong 4 alen troi)

4 Hat c6 mau héng (c6 | trong 4 alen 1réi)

I Hat miw trdng (khong cé alen troi ndo)
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IV. DI TRUYEN LIEN KET GEN

L. Di truyén lién két gen hodn toan

Bang thuc nghiérn nghién citu trén déi tuong rudi gidm, T. Morgan va cong
st dd chimg minh trén méi nhiém sdc thé ¢ nhiéu gen, cic gen sdp xép theo dutng
thang trén shiém sic thé. Cdc gen nim trén cing mot nhiém sfc thé (;;0 nén mot
nhém lién két gen, méi nhiém sdc thé 12 mét nhém lién két gen. Cac gen nim gin
nhau trén nhiém sic thé thudng duge di truyén ciing nhau goi 12 di truyén lién két
hoan toan.

Trén nhiém sic the thudng khi cdc gen ndm gdn nhau di truyén lién két hoan
toan, cdc gen luén tudn phan li ciing nhau vé mat giao ti, tac nén ty 1& phan li kiéu

gen 1a 1:2:1 va ty 1& phan i kiéu hinh 1 3:1.

- P khidc nhau bai 2 cip gen

P AB x ab
AB ab
G, AB ab
F, AB
ab
G AB,  ab
F, AB AB AB ab

AB ab ab ab
Ty 1é phan likidu gen 1:2:1
Ty 1¢ phan li kiéu hinh 3: 1

- P khdc nhau bai 3 cap gen

P ABD X abd
ABD abd
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Ge ABD_ abd
F, ABD
abd
G ABD,  abd
F. ABD ABD ABD abd

ABD abd abd abhd
Ty 1& phan li kiéu gen  1:2:1
Ty 1¢ phan li ki€u hinh  3: 1

2. Di truyén lién két gen khong hoan toin c6 hoin vi gen

Trong qua trinh giam phén hinh thanh giao tir ¢4 hién tuong bit chéo va trao
déi cac doan nhiém sic thé twong déng, tao céc giao tir tai t6 hop. Trao ddi chéo tao
nén sy hoan vi gen, tao nguén bi¢n di (6 hop 14 co s§ clia tinh da dang phong phi
cua sinh gidi.

Nim 1931 cic thi nghiém cia H. B. Creighton va B. Mc. Clintock trén cly
ngé va thue nghiém cta C. Stern trén rudi gidm da dua ra nhiimg béing chiing t¢€ bio
hoc cla trao d6i chéo.

O ngo trén cip nhiém sic thé s6 9 c6 mot nhiém sic thé binh thudng mang 2
gen. Gen 1an ¢ xdc dinh n6i nhi tring va gen troi Wx* xdc dinh noi nhil b&. Trén
nhiém sic thé déng dang twong ting ddu phinh mang gen tréi C xdc dinh ndi nhii mau
do v gen lan wx xdc dinh n6i nhil déo. Thuc hién phép lai dong ngd ¢6 ndi nhi miu
do, bo véi dong ngd ¢6 ndi nhi trang, déo thu duge su phan li kiéu hinh & d&i con
gom 2 loai kiéu hinh gidng b me (n6i nhii mau dd, bé& va ndi nhil trdng, déo) va 2
loai ki¢u hinh khic b6 me (n6i nhil mau dé, déo va noi nhil mau tring, bd), Két qua
thu drge cdc loai kiéu hinh c6 n6i nhii mau dd, déo vA nai nh mau tring, bé do su
trao di chéo & dong ngo noi nhik dd, bé hinh thanh hai loai giao tir binh thufrng va 2

loai giao tir tdi t6 hop.
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Tén s6 trao déi chéo hay tin s6 hodn vi gen tinh bing ty lé giita s6 luong ci
thé tao nén do trao déi chéo trong lai phéan tich so véi téng s6 cd thé thu dugc tinh
theo phén tram.

Qui uéc mot don vi Morgan hay [ Centi Morgan (¢M) bing 1% tin s6 hodn
vi gen. Tén s6 hodn vi gen biéu hién khodng cdch giita cdc gen trén nhiém sic thé.
Trudng hop cdc gen phan b6 trén nhiém séc thé & cédc vi tri cang cich xa nhau, tin
s6 hodn vi gen cang 16n va nguge lai cic gen phan bé & cic vi tri gdn nhau, tin s6

hoan vi gen cang nho.

P do , bo tring, déo
C C c - C
Wx WX X WX - WX
Giao tir P M
c - - |C ¢
Wx*- wce -we]- Wx* -we
= -

Giao tir khong Giao tir c6

trao déi chéo trao déi chéo

Fy

& & o1y c c- c U -c
Wx*-] [wc wcl l»wx WC~| I:wc Wx* -WC

Tring, bo Po, déo Tring, déo Do, bé

Hinh 6.4. Co s6 t€ bao hoc cua hién tugng trao déi chéo & ngo.
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Tan s6 hodn vi gen giita hai cip gen trén cing mét cap nhiém sdc thé phu
thuge cdc diéu kién ngoai canh nhu tia tir ngoai, tia Rontgen (tia X) va cic ho4 chat
gay bign tinh DNA.... Tdn s6 hodn vi gen ¢on phu thude dic diém cdu irtic cua cap

gen va trang thdi sinh Iy ca co thé, giai doan pha trién cha t& bio, tdi c4 thé ...
3. Ban do di truyén nhiém sic thé

Bin d6 di truyén nhiém séc the 1a so dd vi tri sap xép tuong d6i cia cdc gen
trén nhiém sic thé.

Bin dé di truyén nhiém sic thé cdn goi [a ban dé lién keét (linkage mapping),
duge xay dung trén co s& tin sd trao d6i chéo giilta cic gen trén nhiém sic thé. S
luong nhém lién ket gen bang s6 lugng cdc cap nhiém sic thé cing ngudn, trong bo
nhiém sic the ludng boi clia loai. Vi du & ngudi 2n = 46 ¢6 s6 nhém lien két 23, ngo
20 = 20 ¢6 56 nhém lien két 10, rudi gidm 2n = 8 c6 4 nhom lien ket |

Bin d6 di truyen li¢n két duge ghi ddy dit cdc nhém lién ket, ky hiéu cic gen
vd khoang cdch giita cic gen tinh bang phan tram (%), vi trf cdc gen trén nhiém séc

thé tinh tir d4u miit cta nhiém sic thé.
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Di truyén ngodi nhiém séc thé 12 sur di truyén clia mot s tinh trang do céc
gen nam ngodai nhiém sac thé (ngodi nhan) qui dinh. Di truyén ngoii nhiém sic thé &
sinh vat prokaryote 1a di truyén cic dic diém do cdc gen ndm & plasmid hoic episom,
con sinh vat eukaryore di truyén ngoai nhiém sic thé 12 swr di truyén ctia cac gen nam

trong ti thé, lap thé v mét 58 bao quan Khic.
1. DI TRUYEN TI THE

Ti thé 1a bao quan nhd cla té bao, 12 noi tdng hop cic enzym hé hép, téng
hop phin 16n ATP ciia t€ bio, dam bdo nang lugng cho moi qud trinh trao déi chat. Ti
thé 6 kha nang tw nhan déi doc 1ap véi qué trinh tu nhan doi ciia DNA (nhiém séc
thé) trong nhin 1€ bao, c6 kha ning tdng hop cic protein dic thi trung cla ti thé.

Mbéi t& bao dong vat, thuc vat cé vai tzam ti thé, t€ bao ndm men S.
Cerevisiae c6 22 ty thé. Trong mbi ti thé ¢6 nhiéu bin sa0 hé gen ti thé (mtDNA).

B6 gen tj the (mtDNA) & dang chudi xodn kép trdn (khong ¢6 sy tham gia
cua cc phan tir histon), mach vong. Kich thuéc mtDNA khic nhau tuy lodi. Nam
men 5. Cerevisiae ¢ mtDNA kich thuée khodng 84 kb, & ngudi, chuot vi mot s6
dong vat ¢6 vii kich thuéc mtDNA khoang 16,5 kb, o thuc vat kich thude bo gen ti thé
thudng rat 1on (& ngo khodng 570 kb). B gen ti thé chia t€ bao dong vit gém céc
exon, con bd gen ti thé cia t& bao thyc vat vi nim men gdm cdc exon va intron xen
ké.

B6 gen ti thé & dong vat ¢ vii c6 ciu triic twong d6i gidng nhau, méi mtDNA
goém 37 gen, trong d6 ¢6 13 gen mi hod protein, 22 gen mi hod tRNA va 2 gen mi

hod rRNA. Cdc protein do gen ti thé ma hod ¢é trong thanh phin 16p mang bén trong



180 DI TRUYEN NGOAI NHIEM SAC THE

cua ti thé. Pa s6 cic loai thuc vat, ndim men va dong vat c6 vii thanh phan protein
trong céu triic ti thé déu do bo gen ti thé ma hod. Cic gen ti thé cua t€ bao dong vat
¢6 vii phén b6 twong d6i dong déu, con céc gen ti thé ndm men tap trung mot cum 16

gen con 10 gen phan tan khip toan bo gen ti thé.

Small
ribosomg,

Human ntDNA

NDE Met
H —~ND2
strand
Leu
Ser 2

subunit 8

Hinh 7.1. Céu tric gen ti thé nguoi.

DNA ti thé thuong c6 thanh phan khéc biét véi DNA ciia t€ bao, vi du, & nim
men DNA ti thé ¢6 ty 1&¢ G - C khoang 21%, con DNA nhan c6 ty 1¢ G- C khoang
40%. DNA ti thé cuia t&€ bao dong vat c6 viing gen trim nhau (overlap), viing D-loop

la viing diéu khién cia mtDNA.
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M di truyén clia mtDNA cia ti thé ¢6 mot 56 khic biét v6i ma di truyén cla

cic gen nhin & ca sinh vit prokaryote va sinh vit enkaryote.

Bang 7.1, Su khac biét clia ma di truyén ti thé vi ma di truyén gen nhan

Boba. 1\:{]”;2]1] o Mai di truyén cua gen fi thé

ma hod nhan ?(?11\{50\’@(- Ruéi gidm | Nam men Thuc vt
UGA Stop Trip Trip Trip Stop
AGAAGG Arg Stop Ser Arg Arg
AUA Ile Met Met Met Ile
AUU Ile Met Met Met ile
CUU,CUC, Leu Leu Leu Thr Leu
CUA CUG

II. DI TRUYEN LAP THE

Lap thé c6 & & bao thuc vat, nhiéu loai tao vi vi khuin quang hop. Lap thé
chia diép lye, 1 co quan quang hop cia € bao. Mai t€ bao thue vit ¢6 khodng 40 -
50 lgp thé, 6 mot 6 loai 140 1€ bio chida hiang trim lap thé,

Lap thé ¢6 kha nang phan chia vi ty nhan doéi déc lap véi cic thanh phin
khde cua t¢ bao. Kich thude, hinh ding, ham luong diép luc trong lap thé khdc nhau
tuy theo loai t€ bie thuc vat. Lap thé duge chia thinh nhiéu loai khdc nhau tuy theo
cilu tric va chiic nang nhu luc lap, sic lap va bot lap. Céc loai lap thé déu ¢é hé gen
(cp DNA) tuong déi giong nhau vé thianh phin va ¢d tric DNA.

Heé gen lap thé (cpDNA) 1én hon mtDNA khoang 9 -10 1in, Ciu tric phan tir
DNA lap thé thuomg ¢6 dang xoin kép, trdn néi thanh vong. Phan tir cpDNA clauté
bio thuc vit bac cao c¢é kich thude tir 120 dén 160 kb, & cac loai téo khic nhau

cpDNA ¢6 kich thude tir 22 kb dén khoang 300kb. Méi luc lap thudng c6 nhiéu bin
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sao cpDNA. Chéng han, tring roi Euglena méi t& bao c6 15 luc lap méi luc lap cé 40
biln sac cpDNA, méi t& bio cay thude 1d €6 khoang 150 ban sao cpDNA.

Ciic gen cha lap thé chia thanh hai nhém: nhém gen ma hod (RNA, tRNA vi
nhém gen cén thi€t cho hoat dong quang hop cia lap thé. Phan I6n protein trong lap
thé duge ma hod b cic gen nhan va chuyén dén lap thé. Hé gen lap thé ¢6 cdc gen
mi hod cdc tRNA vt (RNA cla l;_1b thé, c6 mot s6 gen mi hod cho mot s protein

tham gia c&u tric mang lap the cdn thiét cho qud trinh quang hop.
1L PAC DIEM DI TRUYEN NGOAI NHIEM SAC THE

Gen nhin md hoi cho cde tinh trang di truyén theo quy luat phin ly va té hop
cla cdc nhiém sic thé trong cdc qud trinh nguyén phan, gidm phan va thu tinh. Cic
gen ngodi nhiém sic thé (cic gen nam trong cic bio quan trong t& bio chat) di truyén
khong phu thuge vio quy luit vin dong cla cdc nhiém sic thé trong nguyén phan,
giam phan va thy tinh ma ¢6 ¢dc dic diém riéng biét.

Cic dac diém co bin ciia di truyén ngoai nhiém siic thé:

- Két qua phép lai thuin nghich Ii khdc nhau

Vidusfal liacdi x ngua duc — conla
lai lra duc x ngua cdi — con bacdo

lai ci chép cdixcidideduc —  cd nhung (¢6 riu)
fi i chép duc x cd diéc cdi —  cd nhung (khong rau)

- Tinh trang do cic gen ngoai nhiém sic theé mi hod vin ton tai khi di thay
nhan t€ bite bang mot nhan ¢é ciu tric di truyén khic.

- Hién tuong bit thu duc 1€ bio chit (cytoplasmic mule sterility - CMS). Cay
ngd la cay ludng tinh chng gée, cdc co quan sinh duc due vi cdi phit trién trén cling
mot cay. O ngé o hign twong bil thu duce té¢ blo chit - CMS, o nén cic hat phin
réng hode hat phin bat thu. Bat thy duc t¢ bio chit & ngo duoe gidi thich theo cic co
ché khdc nhau,

+ Gia thuy¢t don nhan 3 cho riing hién tugng bat thu due t€ bao chit do st

(uong tic gitta mot ciip gen nhan vi y&u 16 kiém sodt (gen kiém sodt) trong 1¢ bao
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chét. Trong nhan co gen phuc hédi hitu thu Rf va khéng phuc héi hitu thu rf, trong 1&
bao chit cé gen kiém soit cyt® gy bét thu hat phin, gen kiém sodt cyt" xdc dinh hat
phén binh thudng. Kiéu gen cyt’rfrf (am cho cay bi bét thu dyc 1€ bio chat, cic kidu
gen cyt®RfRf, cyt® Rftf, cyt"rfrf, cyt™ RfRf, cyt"Rfrf déu binh thuong. Yéu 18 Rf
khong 1am thay déi cdu tric va tinh chit cha t& bio chat cyt’, md ¢6 tic dung tc ché
sir biéu hién bt thu duc,

+ Gid thuyét da nhan 16: sy twong tic giita mét s6 ciap gen trong nhin 1€ bao
véi cic nhan t6 kiém sodt trong t&€ blo chat giy nén hién tuong bét thu duc t& bao
chat. Céc nghién citu cho thay & ngd cd tir 3 - 5 gen nhiin tham gia xdc dinh tinh bat
thu & bio chit (Nikoro, Xidorov 1966).

Ngay nay nhiéu cong triinh nghién ciu & nhiéu lodi thuc vat di khang dinh
cdc gen gy tinh bat thu va cdc gen phuc héi hitu thu & cic dong, giéng khic nhau ¢6
sir khic biét nhau, c6 hing chuc gen khac nhau kiém sodt tinh bat thu hat phin & thuc
viit (Dubinhin 1967,1982}

Trong thuc tidu sin xuit nong nghiép, con ngudi ting dung tinh bit thu duc 1€
bao chit & ngo, dda vi nhiéu loai cay tréng khic dé san sudt hat ngé lai, lia lai va
cac hat lai ¢6 niing sudt cao. Khi gieo trong dong bat thu duc 1€ bio chit, bén canh
mot dong binh thutmg su gino phin giita 2 dong tao ra 100% hat lai phuc vu san xudt,

ning cao nang sudl ¢iy trong.



Chuodng 8
POT BIEN

I. KHAI NIEM BIEN DI

Bién di va di truyén ) dac tinh vén ¢ cia méi sinh Vi, 1 hai mat doi lap
théng nhit. Trong qud trinh t6n tai v phdt trién, méi ci the sinh vét khong ngiing
phit sinh cdc bién di khong dinh hudng, nhitng bién di ¢é Igi cho ban than sinh vilt
do truyén cho cde thé hé sau s& dan dan trd thanh phé bién. Bién di va di truyén I
su biéu hign cia ciie qui Tudt vén dong cla vat chat di truyén. Bién di duge chia lam
hai loai bién di khong di truyén va bién di di truyén. Bién di khéng di truyén goi 1a
thudng bi¢n, bién di di truyén gém bién dj 18 hop va dot bign.

Thudng bién 1a sy bi€u hién cde dang kidu hinh khic nhau, ciia ciing mot
ki€u gen trong nhiing moi truong khic nhau. Thudng bién biéu hién kha nang thich
nghi cua sinh vat véi diéu kién ngoai canh, Thutmg bien khong di truyén duoc, khong
€6 y nghia trong chon loc va trong qud trinh tién hod cua sinh vit,

Dot bién (mutation), bit nguén tir chit Hy Lap Muratio, 12 nhifng bién o
trong vat chiilt di truyén, nghia 1a nhimg bién déi trong cau triac gen hoic cic bien
d6i trong cau tric v s& lwong nhiém sic thé. Dot bien tao nén vo s6 cac bign di,
lam tang tinh da dang trong sinh gidi, 13 co s& cla cdc qua trinh chon loc. Trong
qud trinh ti€n hod lau dai cia sinh gidi, chon loc va duy tri cac dt bién tu nhién
hinh thinh cic lodi méi, giGng méi. Trong chon loc nhan tao con ngudi gitr lai
nhiing ¢d thé ¢ nhi¢u dac diém qui, hoic cé loi tao nén vo s6 cic gidng vit nusi

ciy trong mdi.
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Bién dj 16 hop L3 su t6 hgp lai cdc gen cua bd me © thé hé con do su két hop
cac giao (&, hofc su 6 hop lui cdc gen trong kiéu gen do trao déi chéo va hoin vi
gen, lam cho con chiu ¢6 cic dic diém mdi khdc vai bé me,

Trén co s& nguyén nhan phét sinh dot bién, ngudn géc va dic diém cha dot
bién chia thanh cic loai dot bién khdc nhau. Dya vao thanh phin cfu tric bi dot
bien, cdc dot bién ¢é thé chia thanh bdn nhom: dot bigh gen, dot bién ciu tric
nhiém sic thé, dot bién s& huong nhiém sic thé va dét bién 1€ bio chit. Dua vio
nguyén nhan phat sinh dot bién, cdc ddt bi¢n duge chia thanh hai nhém: dot bién tx
nhién va dot bidn nhan tac. Dua vio hau qud ¢é thé chia thanh cdc loai: dot bign

eiy chét, dot bién giam séng, dét bién trung tinh...
II. NHAN TO POT BIEN VA CO CHE GAY POT BIEN

Nhian t8 gy dot bién {mutagen) gdm cdc nhan t6 vit 1i, hod hoc va nhin t6
sinh hoc. Cic nhan t6 giy dot bién c6 thé 1am ting tin s dot bién cha sinh vat Ién
10 dén 100. 000 ldn. Nhém nhén t8 dot bién duge nghién cifu k¥ 1a tia UV, tia
phéng xa, tia X, cdc chit déng ding cha cdc base nito, acid nito va cic tic nhan
alkyl hoil.. trong dé tic dung cua tia bic xa duge nghién cliu g dung nhiéu trong

giy dot bién thye nghiém.
L. Tia bie xa khong giy ion hoa

Tia UV (tia (&t ngoai) 13 tia bic xa khéng gay ion hod, bude séng tir [36 -
4000 A. Photon ciia tia UV ¢é niang tuong thip khong du giy ion hod, khéng xuyén
sdu nén khong tic dong duge dén céc 16 bho nim sin trong cd thé sinh vat. Tia UV cé
higu qua gay dot bién & vi sinh vit, hat phan... Tdc dong gay dét bién cua loat tia UV
chit yéu [ do acid nucleic va cic hop chit trong t& bao hip thu, su hip thu cang manh
thi kha ning gay dot bién cing cuo. Acid nucleic hip thu bude séng 260 nm cao
nhit, nén budce séng 260 nm cd hiéu qua gay dot bién nhiéu nhit.

Tia UV ¢6 thé gdy nén cic dot bién gen vi eic dot bién cdu tric nhiém sic
thé. Tia UV gay ra su bién doi quang oxy hod cdc gdc purin va pirimidin. Téc dong

cla tia UV 1am cho adenin (A} bj bi¢n thianh hypoxantin, din dén nhitg thay déi hoa
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hoc cua DNA. Tia UV lam cho cic base tﬁymin gdn nhau trén phin tr DNA lién két
vO1 nhau tao dimer thymin, gdy méo mé phan tir ‘DNA. N¢&u trén phan tir DNA ¢o
nhi¢u dimer thymin ¢6 thé 1am mat kha nang t4i ban ctia DNA.,

Trong cdc t€ bio song mot s6 enzym c6 kha ning lam ditt mach triing phan
clia dimer thymin khoi phuc chic ning ciia DNA. Do d6 khi tia ti ngoai tic déng
thuong it lim chét 1€ bilo mil tao nén cic dot bién. Do sdng sét clia cac t& bio vi sinh
vt phu thuoe vao liew luong hip phu tia UV. D6 dam dic cla dich huyén phir duoc
chiéu tia UV anh huong 16 rét dén tan sd dot bién. Dich huyén phit qua dam dac (Ién
hon 1.10 t& bao/ml) tia UV bj cic 1€ bdo che 1ap 14n nhau hiéu qua hap phu tia UV
khong cao, nguge lai dich huyén phit qud lodng dé giy chét cic 1€ bio khi bi chiéu tia
UV. Tic dong giy chét t&€ bio va gay dot bién cia tia UV codn phu thitoe nhidu vio
trang thii sinh }y ctia cdc t€ bio, tuéi gidng, loai sinh vit...

Té bio & giai doan sinh trudng luy thira (pha log), min cam véi tia UV cao
hon so véi pha on dinh. Hién nay mdi tuong quan giita liéu luong tia UV dudc € bao
hip thu viusé lugng dot bién tao nén chua duoe xdc dinh duge rd ring. Véi lidu luong
tia UV thap thi tan $6 dot bién c6 xu hudug ty 1¢ thudn, khi lidu lugng tang én thi tin

s0 dot bién khong tang kip vit dén mot midc nhit dinh thi lai giam xudng.
2. Tia bire xa ion hoa

Tia buc xa ion hod con goi la tia phong xa jon hod bao gém hai loai:

+ Tia c6 ban chiit song dién tir véi bude séng cuc ngdn gém tia Rontgen (tia
X} va tia gamma (y).

+ Tia cd bin chit 14 cdc hat gém tia alpha (o), tia beta ($3), vit ciic proton,
naotron.

Cic tia bitc xa ion hod ¢6 ning fugng lén, 1im cho cic phan t{r nude va cic
hop chilt khiic trong t€ bio bi phd v& thinh nhiing phén ti tich dién (b ion hoa). Cic
dang biic xa ion hoi déu ¢4 hiéu Gng gay dot bién, gay chét t&¢ bao. Khi v6 mat O,
biic xa ion hod sin sinh ra peroxid hydro vi nhiéu chat phin sing manh lam tdn
thuong DNA.
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- Ta Rﬁlltgel1 (tia X) e6 bude séng dudi 10 A, duge tao nén tir cdc may
phat Rontgen. Tia X ¢6 khil niing xuyén sau kém, diing trong y hoc 1a chi yéu.

- Tia gamma (y) ¢6 budc séng ngdn nhat dudi 1,0 A do hat nhan nguyén tir
bi kich thich phéng ra. Tia y thudng xudt hién trong qua trinh phan ril hat nhén cic
déng vi phéng xa hoic cdc phan dng hat nhan. Trong sinh hoc thudng su dung tia
gamma Ia déng vi phéng xa Co™ dé gay dol bién. Tia y tic dong gidng nhu tia X,
nhusg bude séng ngan hon nén do xuyén sau cao hon. Tia ¥ duge sir dung nhiéu
trong giy dot bién nhan tao & thuc vit, nhiéu giéng lda dot bien chiu han, chit fing,
chong saun bénh, ndng sudt cao duge tao ra nhdr xu 1 dot bién bing tia y va chen loc.

- Tia alpha (&) 13 tia phdng xa jon hod ban chit hat, hat ¢ duge hinh think
tit hat nhan cla nguyén tit helium (He), gém 2 proton vi 2 notron. Hat o ¢6 kha
niing xuyén siu 0,07 mm trong mé sinh vat.

- Tia beta (B) 1 chim dién tt giai phdng ra tit nguyén tir clia cdc dong vi
phéng xa P v $ 1ia B it duge ding trong giy dot bién nhan 1a0.

Liéu lugng phéng xa ion hod thusng duge do bing don vi ronghen (R) vi
rad. Mot ronghen (1 R) 14 luong phéng xa tao ra trong lem "khong khi kho, & diéu
kien 0"C dudi dp sudt 760mmHg. D&i véi 1g mo sinh vat song thi IR ¢é khad ning
gay s& lugng ion hod gip 1000 1dn so véi Lem *khong khi khé. Don vi rad (1 rad) L
luong phéng xa hip thu nang lrong 1am cho lg mo sinh vt séng bi chiéu xa hip
thu nang lugng 100 erg, lrad = 100 erg/g. Hai don vi Rontgen va rad duge coi i
tuong duong nhau.

IR = 1 rad = 2,58 x 10" (culong/kg khong khi)
lrad = 100 erg/g, 1GY {gray) = 100 rud = [QU R

Tia phéng xa ion hod giy tén thuong ciu ric DNA, do bifc xa ion hoa ¢6 thé
do diit mot mach don, dit mach kép hodc su thay thé cic base nite. Su thay thé cic
base nito gy nén cic dot bien & sinh vat nhian so va nhan chudn. D6l véi sinh vt

nhén chuiln, bite x4 ion hod 1am dit gy nhiém siic thé, thuong gy chét. Nhiéu loai
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sinhk vat trong t&€ bao cé hé thdng tu stra chita dot bién, tuy nhién sira chita cac dot
bién ¢6 thé din dén dio doan, lap doan, chuyén doan va mét doan.

Hién nay ¢6 nhiéu gia thuyét khdc nhau giai thich co ché gay dot bién cla tia
phong xa ion hod.

- Thuy¢t bia: Thuyét bia cho ring cdc t€ blo, c¢de co thé sinh vat c6 nhimg
trung tAim nhay cam phéng xa duge coi nhy nhimg don vi ¢cdm ling nhy mét c4i bia.
Khi cic lugng tir hoac cdc hat co ban va cham vio cic don vi cam Uing, gay ra bién
doi din dén dot bign. Khi tiang hiéu lugng phéng xa qud ngudng, hiéu img phdng xa
giam do ¢6 sy va cham tiép theo ciia cdc lugng tlr véi cdc nhan t8 vat chit di chét.

- Thuyét doc ta: Thuyét doc t6 cho rang tic dong cla tia xa déi véi t€ bio
stnh vit [am tao nén cic hop chat doc.

- Thuyét enzym: Thuyét enzym cho ring dudi tic dong clia tia xa lam thay
doi hoat tinh cla cdc enzym. Do tic dong cia tia phdng xa ion hod, 1am cho cic
enzym trong lyzoxom dugc giai phéng vio t& bao chit giy r6i loan su trae-déi chat
cua té bao.

- Thuyét co ché tdc dung gidn tiép: Theo thuyét co ché tic dung gidn tiép hay
thuyét cic géc tu do phin tir nude trong t&€ bao cd vai trd trong sy tao thinh cic dot
bién. Trong cic 16 chifc sdng nude chiém 85%, khi cac tia phéng xa ion hod tic dong
vao t¢ bao hodic co thé, cic phan 1w nude trong t& bao hip thu nang lugng, bi mat di
mot dién wr {e) trd thanh ion duong.

H.O - H, 0" + e
bBién t mdi phéng ra, duge mot phan tir nude khic da bi phéng xa kich
dong hap thu twd thanh ion im:
H.O + e —» H,O

Cic jon H.O" via H,O- khang bén viing nhanh chéng bi phan huy tao ra cic
géc tu do H' va OH’ va hai ion bén vimg H* vd OH-. Céc géc tu do H' vi OH" khéng
bén, gdc H' ¢ thdi gian 16n tai khodng 10 ~° giay d&n 10 °* giay sau dé ching ¢ thé
tic dung véi nhau: H* + H" = H,.

Khi c6 oxy H"+ O,= HO,’
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Cic gdc tu do ¢6 thé két hop véi cdc chét trong € bao tao thanh peroxyt. Cic
peroxyt tdc dung 1én phan tir DNA 1am maét géc NH, cila géc di vong chifa nito, mat
nguyén tir hydro hodc lam dit lién két giita dudng pentoza va géc di vong chia nito,
hoac c6 thé 1am diit vong pirimidin gay dit mach DNA, din dén cic dét bién gen.

- Thuyét hién dai: Thuyét hién dai gidi thich co ché tic dung ctia tia phéng
xa lén vat chit di truyén bang néng do va trang thdi ctta cac cht hitu co trong € bao.
Khi t& bio ¢6 néng do cdc chit hitu co cao, su va cham cta lugng tit vio cdc phan tir
nhiéu hon, ddn dén hiéu qua truc tiép Ion hon. Néu ndng-do thip, cac lwong (i ciia tia
phéng xa phan huy nuéc tao thinh cdc géc tw do (H® vd OH®), hinh thanh cdc peroxyt
v0 ¢ va hitu co 1am bién d6i cdu tnic DNA din dén cic dot bisn.

Do cam vmg phéng xa (radiosenbility): Méi cd thé sinh vat ¢6 kha nang
chiu dung liéu lwong phong xa khic nhau, goi 1a mie d6 cim dng phéng xa. Trong
cling cd thé cdc b phan, co quan khic nhau ¢6 do cim tng phéng xa khéc nhau.
D6 cam ting phéng xa phu thudc vio oai, kiéu gen, tudi, giai doan phit trién cila co
thé. Céc lodi khdc nhau cé do cam ting phéng xa khéc nhau. Liéu giy chét 50%
(LD 50) 1a liéu sau khi chi€u xa giy chét cdc sinh vat, & thue vat lidu LD 50 duge
tinh bang s6 lwong c4 thé con séng tir lic chiéu xa dén truée khi ra hoa, con véi
dong vt s6 cd thé con s6ng vao thai diém 30 ngay sau chidu xa...

Liéu LD 50 & mét s6 loai sinh vat:

G 600 - 800 R

Khi 550 - 650 R

Chuot nhat 500 - 550 R

Ruéi gidm 46.000 R

Lia (hat kho) 50.000 - 75.000 R
Ca chua (hat kho) 20.000

S6 lugng dot bién gay tao nén bdi mdi liéu ronghen 12 khong déi, nghia 13 s6
luong dot bién khong phu thude vio thai gian chiéu xa dai hay ngén, phu thude chi

yéu vio cudng do phéng xa.
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Tinh min cim phéng xa thay déi theo do tudi ci thé, trang thii sinh 1y, diéu
kién dinh dudng. Ham luong nuée va hdm lugng oxy khi chi€u xa anh huéng 16 rét
dén tinh min cidm phéng xa. Vi du, & lda mach ham lugng nude tr 8 - 20% c6 tinh
mdn cam phéng xa tia X giam, khi ham lugng nude trén 20% tinh man cam phéng xa
tia X tang. Tang ham lugng oxy lam tang tinh min cam phéng xa, & ndng do oxy

khodng 20% hiéu qui gay dot bién cao nhat.
3. Nhiét do 1a nhan to gay dot bién

Nhiét do tang hodc gidm déin trong giéi han it Anh huwdng dén tdn s& dot bign.
S6c nhiét hoac lam thay déi nhiét do, nhiét do cao hon hoae thap hon mitc trung binh
dot ngot ¢é hiéu qua gay dot bién. Nguyén nhan do méi co thé sinh vat ¢6 co ché noi
can bing, giif cho hoat dong sinh 1i coa t€ bao khong bi thay déi khi nhiét do thay
d6i. Khi bi séc nhiét co ché tu bao vé chia 1€ bao khong khai dong kip, gay cdc chén
thuong trong bo mdy di truyén cia t€ bao, gay bién tinh khong thuan nghich cta cic
phan tir DNA, xuit hién cic bién ddi frong ciu trdic di truyén cla té bao tao nén cde
dot bién,

4. Tac nhan hoa hoc gay dot bién

Cic tdc nhan hod hoc gay dot bién, chl yéu do 1am thay ddi ciu triic gen va
cdu trie nhiém sic thé. Cic hod chat gay dot bién c6 kha ning thdm thiu cao qua
mang t€ bao, mang nhan va déng thdi gay thay déi trang thii cia DNA va nhiém sic
thé. Téc nhan hod hoc gay dot bién ¢6 thé chia thanh mot s6 nhém cha yéu: acid nito

vit din xudt cua nd, cdc chit alkyl hod, cdc chit acridin...
4.1. Acid nitro (HNO,)

Acid nitro ¢6 tic dung gdy bién ddi hod hoc cha cic base nito trén phan tir
DNA. Do tac dung cla acid nitro giy cdc phan img oxy hod khir amin, 1am cho nhém
amin (-NH,) trong cdc base nito ca DNA bi thay th€ bing nhém hydroxy! (- OH)
hay oxy (Oy). Cic base guanin (G} khi bi khit amin bién thanh xantin khéng gay dot

bién, do cdu tric xantin gi6ng guanin. Cic base Adenin (A) bi khir amin tré thanh
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hypoxantin (Hy), hypoxantin €6 xu hudng ghép doi véi cytosin thinh cap Hy - C, gay
déng hoin A =T — G = C. Két qui sau hai lan tdi ban phan tr DNA mdi ¢6 cip
G = C thay vao vi tri cia ¢ip A = T 1am thay déi ciu tric DNA tao nén dét bién.
Trudng hop cytosin (C) bi khir amin tr& thanh uracin (U) ¢6 su ghép déi giita uracin
(U) vit adenin (A), giy ra dong hodn G = C - A=T, sau tdi ban DNA xuét hién cip
A =T thay thé¢ cap G = C, giy ra dot bién,

Acid nitro va cdc din xudt cia né ngoai téc dung khir amin, con lam dit méi
lién két hydro trong phan tir DNA dang tdi ban, tao nén cdc dot bién. Cic hop chit
hod hoc gay dot bi¢n thudc nhém acid nitro rit ¢6 hiéu qua déi véi sinh vt nhin so,

it hodc khéng ¢é hiéu qua gay dot bién & sinh vt bac cao.
4.2. Cdc hop chdt gdy alky! hod

Cic hop chit gay alkyl hod nhu ethylmethan sunfonat (EMS), nitromethylure
(NMU), ethylenimin {EI) 1 nhiing tic nhan gy dét bién duge si dung nhiéu trong
nghién ciu di truyén hoc. Cdc hop chét nay bd sung (CH; - CH,-) vii cdc nhém tuong
ting cho cdc base nito cua phan tir DNA, ¢6 hiéu qua gy dot bién vdi sinh vat nhan
sO va sinh vat nhan chuin.

Su alkyl hod guanin (G} va thymin (T) déu gay hién tugng ghép doi sai, din
dén cic dong hoin A=T > G = Cva G = C > A=T.. Sualkyl hod guanin con din
dén sw khir purin, hodc mat nhém base nito bi alkyl hod trén phan tir DNA, do pha v&

lién két gitia nito cia purin va dudng deoxyriboza, ¢é thé 2dy cdc dot bién.
4.3. Cdc chat gdy dot bién nhém acridin

Cic chat gay dot bién nhom acridin nhu proflavin duge ding nhiéu trong
nghién ctn dét bigén gen. Cdce chdt thude nhdém nay lam thém hodc mat di mot cap
base nito cia phan tr DNA. Khi acridin Xen vao giita hai cdp base nito lién ké cia
phan tr DNA chua tii ban, acridin gén vio mach khuon {am cho khodng céch giia

hai cap base nito la 0,68nm (gip d6i khoang céch binh thudng).
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- Y
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4
Phin &t acridin X’ 0,68 nm, x’- base nity xen
—— |3 [ viovitri d6i dién véi acridin
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61— — 6
35— 15
41 — {4 Mot cip base nito méi x-x’
x| _Ix durge xen vao phan tir DNA
30 3" pay dot bién dich khung
2 N A
1 —r

Hinh 8.1. So d6 téc dong gay dot bién cia acridin.

Khi phan tir DNA nay tdi ban, mot base nito ngiu nhién duoce gin xen vio
mach don DNA dang tdi ban, & vi tri d6i dién phan tit acridin. Trong 14n tdi ban thi
frai, mot base nito khdc bit cap bd sung véi base nito méi xen vao, két qua lam cho
phan tlr DNA duge bo sung mét cap base nito so véi khuén miu din dén su thay doi
khung dich mi, giy nén cidc dot bién dich khung.

Khi phéan tir acridin xen vio vi trf cla base nito trén mach don ciia DNA.
Phan tir acridin bat cip véi base nito trén mach don tuong Ung ciua DNA. Néu phin tir
acridin tdch ra khéi mach don truée khi DNA tdi ban, sé& tao nén cdc phan 1y DNA

sau tdi biin bi mat mot cip base nito, din dén dot bien dich khung.
4.4. Cdc chdt déng ddng ciia base nito

Cic chilt déng dang cita base nito c6 kha ning thay thé€ base nito binh
thudng cia DNA trong qud trinh tdi bAn DNA, mét trong nhiing chit déng ding 13
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5 - bromuraxin (5-BU). Khi 5-BU & dang déng phan bén viing (dang keto}, cé cau
tao gan giong v6i thymin nén c6 thé thay the thymin trong cip A = T tr& thanh cip

A =35-BU.

l [ |

DNA ban dau Phan tir DNA con

mang cap A = 5-BU

lTaii ban I
A=T G =35-BU
Binh thudng ll’t gap
lTéi ban I

Thé dot bign ||
déng hodn A=T > G=C

[
G= C A=35BU

Hinh 8.2. So dé gy bién d6i cip A =T thanh G=C.

Hop chat 5-BU dang enol do ¢6 cdu tric gin gidng vdi cytosin (C), nén cd
thé thay thé cytosin (C) trong cip G = C trd thinh cip G = 5-BU. Su thay thé cip A
=T bang cip A = 3-BU khong xay ra dot bién, do khéng 1am thay d6i chiic nang
DNA. Lan tdi ban ti€p theo ¢6 su viéc ghép doi giﬁa 5- BU véi guanin (G), tao
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thanh hai cdp G = C va A = 5-BU. Nhu vay sau hai 14n téi ban lién tiép, cip A =T
trong phan tir DNA duoc thay bing cip G = C, gay bign déi cAu triic gen Vi tao nén

céc dot bign.

| me ]| |
G=C | " | G=5BU |G =¢cC
DNA ban|d€iu | ’ Phﬂl\ tir DNA con | |
mang cip G = 5-BU
lTéi ban [
|| L
' G=C A=5-BU
Binh thuong | ‘ } |
l Tai ban IT
| |

L |
boéng hodn A=T->G =C A=T A=35-BU
|

Hinh 8.3. So d6 gay bién ddi capG=Cthanh A=T.

III. CO CHE PHAN TU POT BIEN

Céc sai s6t trong qué trinh tdi ban DNA déu gay bién déi cdu tric di truyén
cla t€ bao tao nén cdc dot bién. Phin 6n sai s6t duge sira chita nhd cdc co ché tr
stra chita trong t€ bao, tuy nhién vin con cdc sai sdt tao nén cac dot bi€n. Cic base
nito bét ciap khong theo nguyén tic bd sung, din dén ciu tric chudi polynucleotid
cla phén tir DNA bi thay déi sau khi tdi ban DNA, tao nén cac dot bién.

Pot bién dong hodn xdy ra khi mot base purin duge thay bing base purin
khdc, hodc thay thé base pyrimidin nay bing base pyrimidin khic. Khi mot base
purin thay bdng base pyrimidin hoac nguoc lai goi 13 d6t bién nghich hodn.,
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Pong hoan A=T > G=C béng hodn G=C —» A=T
A
A G

Hinh 8.4. So d6 gay bién d6i céu triic DNA cla 5-BU .

C4c sai hong ngiu nhién 1am tang hodic gidm cdc nucleotid trén phan tir
DNA déu gay dot bién. Sai hong nglu nhién thudng gap nhit do bi dit lien két
glucozit gifta C; cla pentoza v6i base nito, lim mét adenin (A) hoac guanin (G).
Khi nhém amin (-NH,) cua cytosin (C) bi mét tao thanh uracin (U), cic uracin mdi
bit cip b sung véi adenin (A) trong sao chép, gay ra déng hoin G=C = A = U.
Sai hong ki€u nay c6 thé duge sita chita nhd enzym uracin DNA glycol. Enzym
uracin DNA glycol nhan biét dac hig¢u uracin trén phin tit DNA, cat bd céc uracin
bit cap khéng theo nguyeén tic bd sung tao céc 16 héng, sau dé enzym DNA
polymerase tng hop base nito méi phit hop.
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Trén phan tr DNA, mot s6 cytosin duoc methyl hod thanh S-methyl
cytosin, chit ndy mat nhém amin bién thanh thymin, cdc sai héng ndy enzym
uracin DNA-glycol khéng phat hién duoc, khong ty sta chifa gay céc dot bién & vi

khuin va & bio sinh vat bac cuo.

NH, ﬁ)

H.C er _ Mat amin H,C /\NH
SN
AN

\N/\O \II\I '0

5-Methylcytosin Thymin (T)

Céc tdc nhan gay dot bién tic dong vao cdu triic phan tit DNA, gay bién déj
ciu triic DNA, tao nén céc dot bién cdu tric gen va dot bién cu tric nhiém sic thé.

Dot bi€n gen va dot bign c4u triic nhiém sic thé ¢6 thé do mot s& truong
hop bién d6i sau: -

- Dt kép: dit ca 2 mach don cia phan tr DNA, giam chiéu dai phan tir
DNA, giam d¢ nhét cia dung dich.

- Dt don: didt & mot mach don, 1am phén tir DNA bién déi hinh dang, t;_lb
thanh cic cudn

- Gay hién twgng déng hodn, nghich hoan, 1am thay déi céu trdc phan tir
ciia DNA. Hai base thymin gédn ké nhau lién két chit ché vdi nhau bing céc lien két
dong hod tri tao cc dimer thymin, 1dm méo mé chudi xoin kép, ic ché tai ban
DNA.

- Do cdc doan xen IS hodc cic gen nhay Transposon gan vao gen lain thay

doi trat tw sip x&p cha cic nucleotid trong gen.
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- Tdc dong cua hé théng tu sua chita SOS din dén su ghép doi cdc basc sal,
khéng theo nguyén tic bd sung gitta cdc base nito hoic din dén hién trong ddo
doan, chuyén doan nhiém séc thé.

Dot bién s6 lugng nhiém sic thé tao nén cic dang da boi thé do cic bién
d6i & miic t& bio:

- Khong xdy ra gidm nhiém tao thanh cde giao tr ludng boi (2n), cdc giao
tir két hop véi nhau tao nén hop tlr 1 boi (4n).

- Do hop tir phdn chia khong binh thudmg ngay tir giai doan dfu tién, tao
nén ca thé ¢6 bo nhiém siic thé ting gip doi.

- Téc dong cha cdc nhan t6 gay dot bién khi giam phan hinh thinh giao ta,
do mot ciip nhiém sic thé khong phan ly déu vé céc giao tir. Tao nén cic giao tir
thita hofic thi€u mot nhiém sic thé, s& hinh thanh cic hop ti (2n + 1), (2n - 1) hoac
{2n +2)...

IV. QUA TRINH TU SUA CHUA SAU POT BIEN

Tur stra chita sai s6t ¢iha DNA 14 thudce tinh cha moi t€ bao s6ng, khéi phuc
fai ciu tric e nhién ciia DNA khi bi cde tdc nhan gay dot bign 1am tdn thuong.
Bén nay nhiéu co ché€ tu sira chita sai s6t cba phin tir DNA, dd duge nghién ciru va
xac dinh trong cdc t€ bio song.

- Sita chita truc 1i€p biing quang phuc hoat {photo reparation): Khi ¢é tic
dong coa tia tr ngoai (tia UV), cée thymin ndim ké nhau xich lai gin nhau hinh thanh
cic dimer thymin, gy hién tuong méo mé chudi xoin kép. Dudi tic dong clia cac
photon dnh sing, cic enzym photolyase ¢ the truc tiép loai bo cic dimer thymin, tich
thanh cic moneme binh thudng lam che cau tric phin tr DNA dugc phuc héi.

- Tu stra chita SOS: 14 co ché lam cho khi phian tir DNA tdi-ban, hoidc phién
mil bo qua cidc doan bi 1dn thuong, bd qua cée dimer thymin vin ddm bao su tii bin
hodc phién ma chinh xdc. Trong co ché SOS nho hé Ihc‘iﬁg doc - sita cia enzym DNA
polymerase bi lam yéu di, 1am cho qud trinh polyme hod di qua duge cic dime

thymin trdnh dugc cdc sai sét.
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Sira chira biing co ché cit bo cdc sai s6t: nhd hang loat cdc enzym nhan biét
cic base nito bi ghép sai v cit bd, enzym DNA polymerase I xic tic tdng hop céc

base phir hgp, qui trinh nay rat phiic tap chua duge biét can ké.

V. DOT BIEN NHAN TAO VA TAO GIONG MGI BANG PHUGNG PHAP
GAY DOT BIEN

1. Phuong phdp gay dot bién nhan tao ¢ cay trong

Nguyén tic co ban 2é gay tao dot bién thanh cong 1a dua vao dic diém sinh
trudng, phdt trién cha ciy tréng va vit nuéi dé chon phuong phap va tic nhan gay dét
bién thich hop. D61 véi dong vat gay dot bién nhan tao con it thinh cong.

boi vdi ciy trong sinh sdn sinh dudng bd phéan xtr 1i thudng chon 12 md phan
sinh, dinh chéi hodc ¢i. Tic nhan gay dot bién thudmg 12 tia X, tia (v) hodc ¢ic hod
chét giy dot bién (conxicin, dimethyl sulfat- DMS, diethylsunfat- DES, ethylmethan
sunfonat- EMS...). Vi dy : Hoa cam chuéng x( 1 than bing tia X liéu lugng 1,5 - 2,0
Krad, khoai tay xir If ci bing EMS liéu lugng 100-500 ppm trong 4 gid, chudi xir Ii
dinh chdi bing tia (y) 1-2,5 Krad, mia xir i chéi bing tia (y) 3,5 - 7,0 Krad, khoai
lang x{r 1i than bang tia () lidu lugng 20 Krad.

Cay trong sinh san bang hat thuémg chon hat kho k bo phan xir i, tuy lfl'l:lg
loai cily can chon nhan 18 dot bién {(mutagen) ¢6 cdc liéu lrong khdc nhaw. Vi dy, véi
hat 1da kho c6 thé xir 1i tia X liéu luong 14 - 28 Krad, hat ngo xix Ii tia (v) 13 - 30
Krad, hat ¢i chua xir li EMS 0.8% & 24°C trong 24 gio, dau tuong xit Ii tia (y) 10 -
20 Krad con dan - HaLan  xir1i diethylsunfat- DES 0,2% & 20 °C trong 15 gid .

Biing xir Ii dot bién két hop chon loc & nhidu nudce trén the gidi v Viéet Nam
di tao duge rit nhiéu giéng éfly lwong thuc, ciy an qua dot bién ¢d ning suit cao
pham chat 16t duge dua vao san xufit mang lai lgi ich kinh ¢ ding ké. Cac gi6ng lia
dot bién niing suit cao, chdng chiu sau bénh, chiu rét ciing cay DT 10, DT [l Xuan
$6 3, 50 6 (Viét Nam); Cic gidng dau Hi Lan ddt bién ning sufit cao, chin sém chéng

nam (Thuy Dién, Nga, My , Dic); Cic giéng diu tuang chis néag, chiu han M103,
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DT 84 (Viét Nam), nhifu gidng ddu twong ham luong protein cao, lipif cao (Nga, My,
Bric)... va nhiéu giéng cay trong dét bién duge sir dung phé bién frong san xuft, nang
cao lgi ich kinh t& néng nghigp.

Bang 8.1, Tao d6t biéh & mot so gidng ca bing soc nhiét

Loaicd Thoi gian | Nhiétdo | Ty 1é cd 3n, Téc gia
(phut) C) 4n ¢
Ci héi 0. kera 7 31-32 6 Chemenko, 1987
Ca hoi Salmo 20 26 100 Thorgaarrd, 1987
gairdneri
Ca tam 3.7 34 33-52 Vaseski, 1967
Ci chép 45 0-2 100 Gervai, 1980
C4 ro phi 60 11 75 Valenti, 1975
Catrée 60 5 OO Wolters et al,
_ 1981

Ca bon 120-240 0-1 100 Lincoln, 1980

2, Bot bién nhan tao & dong vat

Béng vt c6 he thin kinh do vay gay dot bién nhan tao thudmg din dén hién
tugng gy chét ngay & giai doan phéi, hodc chét yéu. Mét s6 thanh cong gy tao dot
bien da bai thé & dong vat chi yéu 13 tao mot s6 gidng ¢4 dot bién c6 hiéu qua kinh t&

cao bing phurong phép sée nhiét.
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NGUYEN Li CO BAN TRONG CHON GIONG

I. KHAI NIEM VE CHON GIONG

Gidng vat nudi, cay trong va gidng vi sinh vat 1a cdc quan thé sinh vat do con
ngudi tao nén. Méi gidng dong vat, thue vat hojc vi sinh vat déu cé céc dac diém di
truyén nhat dinh, va c6 cic kiéu hinh hay cic tinh trang c6 loi cho muc dich cua con
nguoi. _

Chen giong 1a qud trinh chon loc do con ngudi tién hanh. Muc dich chon
giong 1a Jam the ndo dé tich ra nhitng cdc thé o6 kiéu gen, kiéu hinh mong muén
déng thisi loai thii khi quan thé va nhig cf the xdu, dim bio cdc ci thé duce chon

loc €6 cde dic diém di truyén 16t hon cdc ca thé khic trong quan 1hé.

I1. CAC PHUGNG PHAP CHON LOC

1. Chon loc hang loat

Chon loc hang loat (Mass selection) 1a chon loc cdc ¢4 thé 16t vé kiéu hinh
theo mot muc dich nao dé tir mét quan thé ban ddu. Cic tinh trang chon loc khic
nhau tuy theo muc dich chon gidng, vi du nhu téc dé sinh truéng, kha ning chiu bénh
viL mot 6 cdc chi tiéu sinh hoa...

Trong chon loc hing loat cdc cd thé duge chon ¢é kiéu gen chua 16 nén hiéu
qud chon lgc 6 nhiing bién-déi tuy theo diéu kién chon loc.

Hiéu qua chon loc hing low duc}c xac dinh theo cong thifc cta Falconer
{1960).
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R=i.5.0"=S N
trong d6: R: sy thay déi gid tri tinh trang sau mot thé hé hay hiéu qua cheon loc;
i: cudng d¢ chon loc;
5: do léch chudn;
h™: hé s6 di truyén;
S: phuong sai chon loc (sy sai khdc gitta gid tri trung binh tinh trang cia cd

thé chon loc, so véi gia tri trung binh tinh trang cla quin thé trude khi chon loc).
2. Chon loc ca thé

Chon loc ci thé (Individual selection) 13 chon loc dwa vio kigu gen. Thuomg
chon cic cidp b6 me ¢6 kidu gen di bi€t mang cic tinh trang 16t, cho giao phéi véi
nhau va theo ddi doi con, néu cie ca thé thu duge & ddi sau biéu hién cdc tinh trang
mong mudn thi duge giit lai lam giong, nguge lai biéu hién chua tét thi phai chon loc
tiép tuc. Chon loc cé thé con goi 1a chon loc theo gia dinh.

Hiéu qua chon loc cd thé duge xac dinh theo cong thiic:

i 3;h? S 0Of

R = =
' 1 1

trong dé: R; : hiéu qua chon loc cd the;

iy rcudng dé chon loc;

& 1 da léch chuan;

h'y: hé 6 di truyén;

5; : phuong sai chon loc;

I :khodng cdch thé hé (tinh bang nam).

Phin 16n cdc tinh trang kinh € ¢4 lgi cho con ngudi ¢6 heé s6 di teuyén trung
binh hoac thip. Chon loc cd thé ¢6 hiéu qua t5t vai cac tinh trang ¢ hé sd di truyén

thap, sé gitp xédc dinh duoc nhimg kiéu gen t6t nhat.
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3. Chon loc hén hop

Chon loc hén hop (Combinative selection) [a hinh thitc chon loc phoi hop cic
hinh thiic chon loc trén. Hiéw qua chon loc hén hop vé 1i thuyét bing téng cic hinh
thitc chon loc: R, = R + R;. Thue t€ chon loc hén hop han ché duge nhuge diém cla

cac hinh thic chon loc hang loat va chon loc ¢4 thé, va ning cao hiéu qua chon loc,
4. Uu thé lai va chon loc

Uu the lai 1a hién tugng con lai F, thu dugce bing cich lai giita hai bd me
khdc nhau vé mat di truyén, to ra wu viét hon b6 me chiimg vé sinh trudng, siic chong
chiu va nang suat.

Uu thé lai duge sir dung rong rdi trong cong tic giong. Co s& di truyén hoc
cla wu thé lai dugc gidi thich bang cdc gia thuyét khic nhau gém gia thuyét tinh troi:
tic dong tich hop cic gen tréi & con lai vi gia thuyét siéu trdi: nang cao tic dung di
hop clia cdc cap gen di hop tir. Trong ty nhién wu the lai biéu hién & sur tang sirc song
cta con lai. Trong thuc ti€én ddi séng con ngudi tao ra cic wu the lai vi muc dich con
ngudi, ¢6 khi ddc diém dé 1a bit loi d6i véi sinh vat (ching han nhy tao nén cd chép
khong vay). Trong tao uu thé lai ngudi ta thudng lai hai hodc nhiéu dong khic xa
nhau vé diéu kién phan bo dia li, hodc lai giita cdc loai khéc nhau dé ning cao hiéu
qud wu the lai. Uu the lai cao nhat ¢ di F,, sau dé gidm ddn do su thay déi trong
tuong quan gilfa cic gen thude cic locus gen khac nhau.

Muic biéu hién ctia wu the lai duge xéc dinh theo cong thic:

eV Xpi + Xps
Xp =" X, +X
H%=——=— 5 —x100="2_""P2 qqgp,
bt X PI.PY
2

trong dé: H %: Miic do biéu hién uu thé lai:

X,y : Gid tri trung binh cia tinh trang con lai F,;

Xy, : Gid trj trung binh cta tinh trang & con me;
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Xy, : Gid tri trung binh c{ia tinh trang & con bo.
5. Da bdi thé va chon loc

Da boi thé 12 cdc dot bién 1im ting mot s6 14n b nhiém sic thé co ban ciia
céc t€ bio trong co thé. Pa boi thé ¢é vai trd quan trong trong qué trinh hinh thanh
fodi va tién hod cla loai. Mifc dé da boi thé cla cdc ¢4 thé trong lodi cAng cao thi ca
thé dé cang c6 nhiéu dic tinh qui hon. Vi du, lia mi luc béi (6n) cho nang suit cao
hon, thich tng réng rai hon so véi lia mi ludng bdi (2n). Hién nay, giéng lia mi (6n)
duge gieo trong rong rai, chiém 4/5 dién tich gieo tréng trén the gidi.

Nhiéu giéng cay tréng hoiic gitng dong vit cé cic thé da boi do cic dot bién
tur nhién hoac nhan tao nhu: béng 2n = 26, 4n = 52; tdo 2 = 34, 3n = 51; chudi 2n =
22, 3n = 33; khoui lang 2n =90, 4n = 180; & cd ¢ cdc dang tam bOI ¢ chép , cd
chach, ¢d r6 phi, ¢4 héi...

Trong chon gidng, c6 thé tao cic da béi thé nhan tao vi chon loc. Da boi thé
cung nguén & thuc vat thudmg c6 do hitu thu thip nén ngudi ta thutmg khic phuc
bing cdch tao da boi thé khic ngudn.

Peé tao cdc dang da boi thé & thuc vat thudng ding conxicin, ¢é tic dung 1am
dit soi to vo sic, 1am cho cde nhiém sic thé khéng phan by vé cic € bao con, ming
ngan giita t€ bao khong hinh thanh va 1€ bao khéng phan chia, tao nén cdc cd thé cd
s6 lugng nhiém sic thé tang gip d6i (4n). O thuc vat c6 thé ding conxicin dé xit i
hat, mam, ré hodc cay non sau d6 kiém tra két qui va chon loc cic thé da boi. Dot véi
dong vt tao cdc dang da boi thudmg st dung bién phdp chi€u xa tinh tring, hodc gay
s6c nhiét tring mdi thu tinh, tao thé tam béi & ¢4 ¢ thé cho lai thé tir boi (4n) vdi
dang binh thudng (2n), hojc gay séc¢ nhiét

6. K¥ thuit gen va chon loc

K thuit gen md ra tiém ning (o 1n, trong chon tao giéng thuc vat, doag vat
va vi sinh vit. Bang ky thuit gen c6 thé dua bat ky gen mong mudn vio t& bao sinh

vit, d€ thu duge nhitng tinh trang c‘luf mong muén. Dén nay cdc gen chéng sau bénh,
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gen diét co, gen chiu méan chiu han... di duge chuyén vio nhiéu ging cay trong khic
nhau nhu ngo, lda, dau twrong, cii ddu, bong... Cdc nha khoa hoc Nhat Bin di chuyén
thanh cong gen khiang bénh vang tui (Tungro) vao lia Japonica. Vién nghién ciu lua
quéc 1€ IRRI chuyén gen Bt chdng sau duc thin cho lda, ngo, gen Chitinase chong
¢ic beénh ndm dao 6n, ndm khé vin cho hia. Tién s§ Franken (IRRJ) tao thanh cong
giong lia bién déi gen gidu vitamin A c6 tén 13 Franken, chia ham luong [3-caroten
cao, chong bénh thiéu vitamin A cda tré em. Céc nha khoa hoc My chuyén gen tao
gidng bong c6 mau xanh, vang, do... dé tao cic loai vii cé mau tu nhién khéng cin
dung thuée nhudém. Céc nha khoa hoc thude Trudng Dai hoe Toronto (Canada) 120
gidng thuc vat chuyén gen chiu man, c6 thé chiu duoc d6 man t6i 200 mM NaCl.

Nam 1999 Chinh pha M§ chdp nhan cho tréng phd bién 50 loai cay ¢6 cai
bién di truyén bang cong nghé gen, trong khi dé EU chdp nhan chi ¢6 9 loai cdy trong
bién déi gen.

Doi véi dong vat, di c6 hang loat déng vit chuyén gen phuc vu lgi ich con
ngudi. Cong ty AF Protein tai Vién Massachusetts di tao giéng c4 hdi bign déi gen ¢
viing bién Canada, chi sau 18 thing to gip 5 14n c4 héi binh thwdng, va ¢6 tée d6 1on
gap 10 1dn ¢4 hoi binh thudng.

Nim 1997 Vién Di truyén hoc Cambridge tién hanh nusi lon chuyén gen tao
sita 6 chita mot s6 loai protein cila mau ngudi d€ san sust chit déng mdu chita cdc
bénh mdu khé dong. Ciing theo huéng nay Phong nghién citu Quéc gia thudc Bo
Nang luong My, cong bS két qua tao gidng cay thude 1d chuyén gen 3/2000, cly
thudc 18 nay san sinh mét s6 loai protein ¢6 trong mau ngudi, sir dung dé sin xuit
chat lam dong mdu chita cic bénh mdu lodng khd dong, vh dé sin xudt chit
Thrombin tam kin nhanh cic vét phiu thuat & nguii.

Hi¢n nay, hang loat duge pham hiéu qua cao duge san xuit & qui mod cong
nghiép nhir sin xuat insulin diéu tri bénh tiéu duomg, interferon chéng ung thu bang
phuong phap chuyén gen & vi sinh vat duoc, & Viet Nam di va dang san sudt thi
nghiém Superferon (interferon o), budc ddu sir dung trong diéu tri mot s& bénh ung

thu c6 hiéu qua.
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1. KY THUAT GEN UNG DUNG TRONG SAN XUAT NONG NGHIEP

Vi khuan Bacillus thuringiensis duge sit dung thir nghiém chéng sau duc
than & ngd tit nhitng nim 1920. Trong t& bao vi khudn Bacillus thuringiensis mang
céc protein tinh thé doc c6 thé tiéu diét du tring thude bo canh vay, cdnh cung, hai
cdnh va bo canh déu (mubi, rudi den..)c6 y nghia quan trong trong viéc phong trir sau
bénh cho cay trong va trir con tring truyén bénh s6t rét cho con ngudi. Gen ma hod
tinh th€ protein doc t6 ctia vi khudn Bacillus thuringiensis d3 duge phan 1ap va nhan
biét tr nam 1980, goi 13 gen crystal protein (Cry). Nam 1980, mét s6 cong ty cong
nghé gen da thanh cong chuyén gen ma hod céc t6 delta- endotoxin vao cay tréng. Sir
dung sing ban gen hoac vi khuin Agrobacterium tumefaciens chuyén cac gen mi
hod doc t6 diét con tring (gen Cry) vao khoai tay, ca chua, bong, cai ddu, dau tuong...
tuy nhién hiéu qua con rét thap. '

Vi khuén Bacillus thuringiensis c6 4 loai doc to gdém néi doc 16 & (5 -
endotoxin) va 3 loai ngoai déc t6 a (a - exotoxin), B (3 - exotoxin) va y (y -
exotoxin). Trong d6, ndi doc té 3 - endotoxin quyét dinh hoat tinh diét sAu bo va
¢6n tring, nén dugc nghién ciru k§ nhit. Noi doc t& 3 1a mot protein két tinh gém
khoing 1180 géc acid amin, tao nén cdc dang tinh thé déc ¢6 hinh dang kich thuée,
do doc khdc nhau. Dén nay, ¢6 khoang hon 20 gen ma hod protein tinh thé déc cha
vi khufin Bacillus thuringiensis da duge gidi trinh ty. Céc tinh thé protein déc (tién
doc t6) cha vi khudn Bacillus thuringiensis vao trong dudmg rudt con tring, do tic

dung cia pH cao trong dudng rudt con triing, tinh thé doc bi thuy phan gidi phéng
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cde doc t6. Doc 16 lién két vai 1€ bao rudt gay phan huy t€ bao rudt, can tré su vin
éhuyéll ion vao t& bao biéu mo ruél, gdy mat khd nang an uéng hoic gay chét cén
triing, khang doc hai cho ngudi dong vat,

Gen mi hoa doc 16 thudng ndm trén plasmid I6n, dai t6i 3 kb. Gen Cry
g6m hai phan: doan 2 kb tinh tir d4u 5° ma hod protein tinh thé doc, doan con lai
ma hod doan protein c6 lién quan t&i kha nang lién két clia déc 18 véi t€ bio bién
mé ru@thcc‘m tring.

Dura vio c¢du triic, khéi hrgng phan i protein doc v hoat tinh déc coa cdc
protein doc 18 chia cic gen mi hod néi doc 16 (5 - endotoxin) thanh 6 I6p chinh ky
hi¢u: Cryl, CrylIl, Crylll, CryIV, CryV va CryVI. Hién nay phdt hién thém mot s6
gen Cry khong pho bién ky hiéu tir CryVII dén Cry XX

Bang 10.1. Cac nhom gen Cry vi hinh dang Kich thude protein doc to

. . . Hinh dang o
Nhém gen Cry Kich thudc tinh the Pho tic dung

%’ YUABCDE, |30 138 kDa | hinh thoi cdnh ciing, viy
Cryll{ A,B,C) 70 -71 kDa lap phuong cinh ciing, vay
CrylIll (A, B, :

66 -73kDa | hinh thoi cinh ciing
Dy

135 - 145 hinh ciu,
CryIV(A,B,C) hai canh

kDa ch@ nhat
CryV(AQ) 81 kDa hinh thoi cinh eing,viy
CryVI 44 -45kDa | hinh thot giun tron

Nhém gen Cryl dugc nghién citu k¥ nhit, gen Cryl ma hoid protein tinh thé
doc, ¢6 trong tugng phan tr 130 - 138 kDa, gom 8 nhém phu ky hiéu tir CrylA —
Cryl H, mdi nhém phy ¢6 mdt s6 gen. Vi dy, gen CrylA gém 3 gen CrylA(a),
CryIA(b) vd CryIA(c). Cdc thi nghiém chuyén gen Cry II A(a) clia vi khuadn Bucillus
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thuringiensis vao cay trong lam xudt hién nhiéu protein ¢ doc tinh véi con tring
trong than, 14 cay.

Cong ty Monsanto (M} st dung k¥ thuat gen tam thay déi mét phin ciu
tric gen Cry I A tao mét gen mai, gen ndy mi hod dge tinh cao 6 khd nang digt cén
trung manh. Thay d6i tiinh tr cdc gen Cry I A (b}, Cry I A (c) di tao cdc protein doc
16 ¢6 hoat tinh khdng cén tring cao hon tir 10 - 100 14n so véi gen cry I A(b) vacry 1
A(c) tur nhién,

Bing 10.2. Phé diét sau hai, con tring clia mit so gen Cry

Ky hiéu Chong B. t Diét sau hai Bo
Kurstaki Sau xanh duc than | Cinh vay (Lepidoptera)
Cryl(a, ©) Aot Sau do, sau xam, | Canh vay (Lep),
) mdi Hai canh (Diptera)
, Sauw keo, moi, sin CaInh va}! (Lep),
Cryl (b) Berliner . Cdnh cing
hai kho
| (Coleoptera)
oo | Sau to, sdu xanh . .
Cryl (b, ¢) Thuringiensis hat cai Canh vay (Lep)
at cal
Cryl(d, e, ) Aizawai Siu bd canh viy Cinh vay (Lep)
Crylll (a, b, ¢) | Kurstaki Sau bd cdnh vay Canh viy (Lep)
, e Canh citng
Crylll a Shangai Bo khoai tay (Coleoptera)
I P . Céanh cing
Crylll a Tenebrionis Bo cdnh cimg (Coleoptera)
. Mudi Culex va .y -
CrylV a Israelausis Acdes Hai cinh (Diptera)
Sau keo, moi, sau p 5 .
Cry V hai kho, bo canh | 27" o ](L"f:z'ga“h
ciing cung (Coleoptera
Cry VI Giun tron Mematodu

Baculovirus 1a virus gay nhiém hon 600 loai c6n trung khic nhau thudc céc

bo: Lepidoptera, Hymenoptera, Diptera va Coleoptera, khong gay nhiém cho ngudi,
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dong vat ¢ vi va dong vat va thue vat. Cic nha khoa hoc Cong hod Lién bang Nga
tao baculovirus ii to hop bing cich gan gen Cry 1 A(b) va Cry 1 A(c) vao vecto
pAcUW2B, sau dé chuyén vio Buctlovirus Awrographa California, Cic baculoviris
tai t6 hop tao thinh 6 hoat lyc diét sdu va ¢on tring khong cae hon haculovirus
hoang dal, nhung phd diét siu hai réng hon rdt nhiéu l4n.

Virus BTV (Blue Tonge Virus) ma hod mot protein doc té rat manh véi con
trung va sdu hai, ¢d kha ning xam nhiém con tring kém. Bing k¥ thuit gen ¢6 (hé
tao baculovirus tdi té hop mang gen doc t6 manh clia virus BTV ¢6 phé xim nhidm
con trung va sau hai réng, kha nang diét sau cao.

Diau tién, tao cic vecto tdi 16 hop bing cdch gii gen doc 16 clia BTV vio
vecto tich dong o ciing phia véi promoter ciia gen mi hoid polyhedrin (gen ma hod
doc 1o cia huculovirus), veeta tii t6 hop duge nhan ddng trong 1¢ bao vi khuin va
tao sinh kholi tao nén dang thude tric sin sinh hoc ngudn gée virus ¢6 hiéu qua diét
sau cao, O nudc ta cic ché pham thudc trif sau sinh hoc nguén géc virus ngay cang
duge su dung réng rai. Vi du, ché€ phiam virus NPV - Dp trir siu rém thémg
(Dendrolinus punctatus) duge dp dung & Thanh Hod tir 1991, hiéu qua diét sau dat
74 dén 82%; ch& pham virus NPV- Ha trir sau xanh hai bong (Heliothis arniigera)
sit dung & Cong ty Bong tir 1993 ¢6 hiéu qud diét siu cao. Ngay nay cé rat nhiéu
loai thude trir sau sinh hoc sdn xudt tir k¥ thuat gen, duge sir dung trong san xudt

ndng nghié¢p & nhitu nude trén thé gidi va & Viet Nam.
IL KY THUAT GEN TRONG SAN XUAT VACCIN

Vaccin dau tién dwoe Edward Jenner (Anh) ché tao 1796 tir mun mi bd bi
bénh dan mia, vaccin dai duge Louis Pasteur ché tao thanh céng nam 1885, Vaccin
dugc chia thanh ba nhém chinh: vaccin gidm doc tinh, vaccin bat hoat tinh vi vaccin
bang k¥ thuat gen. Vaccin bt hoat tinh, dugc ché tao bing cich giét chét tic nhan
gy bénh (vaccin phong bénh ho ga, thuong hin, ciim, ché dai...), edc vaccin nhém
nay c¢é do an todn cao, 8n dinh nhung hiéu luc khéng cao. Vaccin gidm d6c tinh duoc

tam tir vi khudn hay virus con séng (vaccin phong bénh lao - BCG, s, bai liét, quaj
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bi...) ¢é hi¢u qui cao phai luon ludn bio quan lanh, mot s6 it trudng hop virus hodc vi
Khudn ¢6 thé phuc hoi hoac bién déi gen doc co thé din dén hiéu tng khong mong
muén G néuﬁri duge tiém chung.

K¢ thuat gen nhim gay dot bién gen hoac loai bo mot phin ciia cic gen kiém
sodt déc tinh, vin gilr duge tinh khing nguyén cao ding dé sin xuit vaccin. Ky thuat
gen ngly cang duge dng dung trong san xudt vaccine bang cong nghé DNA tii 16
hop, nhw vacein viém gan virus B, vaccin viém gan virus A, vaccin 16 mém long
modng, AIDS...

Vaccin chéng bénh viém gan virus B thé hé diu la vacein duoce chiél tich tit
huyét tuong ngudi o6 khing nguyén HBs 161 giy bat hoat, dé tao vaccin cin luong
Ién huyet thanh ngudi mang HBsAg (khing nguyén bé mit ctia virus viem gan B) qud
trinh chiét tich phic tap. Vaccin viém gan virus B thé hé thit hai 1i vaccin tao bing
cich lay nhiém virus viem gan B vao & bao chu cho virus san xudt ra khing nguyén,
‘tach chiét va giy bét hoat virus dé tao vaccin, Han ché cla logi vaccin nay 13 k¥ thuit
chiét tich khdng nguyén phitc tap vi t&n kém.

Vaccin viem gan virus B the hé thit ba 13 vaccin tao bing k¥ thuat gen. Virus
¢4 ba nhém gen md hod protein vo virus 12 protein S, protein pre-S, vi protein pre-S,.
Trong dé protein pre-S, cé khd ning gay ddp tng mién dich gitp sir bio vé t& bao
thanh va manh nhit. Gen ma hod cho protein pre-S, dugce tich dong nam 1981 va tii
t6 hop & t€ bllo ndm men Succharomiyces cerevisice (Rutter vi cong su, Bai hoc
Culifornia).

Bing ky thuat gen vaccin viém gan B tdi 8 hop duoc san xuat tir 1986 vai
nhicu thuong phim nhir Engerix B sin xudt trén nim men tdi t6 hop (hing Smith
Kline, M¥). Recombivax (hing Merck- Sharp DNA Dohme, M¥); Genhevac B san
Xudt trén t€ bio trimg chudt dit vang Trung Quéc -CHO (hing Pasteur Merieux).
Hién nay Viét Nam la mét trong 6 rit it e sin suat thanh cong vacein viém gan
virus B tii t6 hop o6 hidu qua cao & qui mé cong nghiép.

Hién nay, tich dong gen mi hod protein b8 mat ctia virus HIV tao vacein

mién dich chéng lai virus HIV dang duge nghién ciu. Virus HIV ¢é nhiéu chung
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(type) khdc nhau, méi (type) virus HIV giy bénh & mic do6 khic nhau cin loai
vaccin khdc nhau trong phong tri bénh. Mit khéc, virus HIV ¢6 kha nang thay déi
nhanh chéng kiéu gen, thay déi ciu tric 16p v ngoai dé chéng lai cdc vaccin gay
khé khan rét 16n khi san xuft vaccin dac hiéu. San xudt vaccin chéng virus HIV doi
hoi nhiéu nghién citu phite tap, thir nghiém than trong. Hién nay, vaccin chéng

virus HIV dang & giai doan san xudt thir nghiém & mot s6 nude tién tién.

III. KY THUAT GEN UNG DUNG TRONG SAN XUAT CAC HQP CHAT
CO HOAT TINH SINH HOC

1. San xuat insulin

Insulin 12 hormon diéu chinh qua trinh déng hod dudng trong co thé nguoi
va dong vat. Nam 1955 trinh tu céc axit amin cta insulin da dugc xédc dinh. Phan tir
insulin gébm hai chudi polypeptid: chudi A gébm 21 axit amin va chudi B c¢6 30 axit
amin n6i v6i nhau nhd 3 lién két disulfur. San phdm déu tién do gen mi hod dugc
tong hop la pre- proinsulin. Phan tir pre- proinsulin dugc cit bd doan peptid tin hiéu

gém 24 acid amin tao thanh phan tir tién insulin (proinsulin).

3 & Poan peptid tin higu
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Hinh 10.1. Cau triic phan ti pre- proinsulin.
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Trong t&€ bao, phan tir proinsulin bi cit bo khoang 35 acid amin & doan giita
(doan C), mot lién két disulfur giita 2 acid amin Cystein ctia chudi A va 2 lién két
disulfur néi cic acid Cystein ctia chudi A va chudi B, tao nén phan tr insulin hoan
chinh.

Nam 1963 - 1965 ngudi ta da thanh cong tdng hgp hod hoc hai chudi
polypeptid A va B va tao dugc insulin nhan tao déu tién, qua trinh téng hop rét phic
tap v6i hon 170 phan tng, gid thanh rat dat. Sau d6 insulin tir tuy bo va tuy lon duoc
tich chiét dé chita bénh cho ngudi bi tiéu dudng, tuy nhién mot s6 ngudi bi bénh
tiéu dudng di ting véi insulin bd va lon, giy nén cic phan tng loai thai insulin bo va
Ion nhu loai thai cdc protein la.

Gen mi
hoa chudi Gen ma hed
chudi B

%%I

R:I

m M

Chudi A& N?\Jihuéi B

NHy CooH
ol o
lign k&t disufur
Hinh 10.2. So dé téng hop insulin ngudi bang ky thuat gen.
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Nam 1978 lan dau tién insulin ngudi duge tong hop nhes vi khuiin £ cofi
bing k¥ thuat gen. Insulin ngudi [a sin phdm protein tao dong dau tién, ¢ gia
chita bénh ti¢u dudng cho con ngudi duge bin trén thi trudng. Pau tién, tong hop
nhan 190 hai doan DNA md hod chudi polypeptid A va chubi pelypeptid B. Tuo cic
vecto téi t6 hop dé€ méi doan DNA duoe gin vio plasmid pBR322 & doan cusi cla
gen lacZ (gen ma hod enzym B-galactosidase). Mai vecto tii t8 hop chuyén viio mét
domg vi khuin £, coli. Trong mét dong vi khudn E. coli t6ng hop nén phan tir protein
lai frgal- chudi A, mot dong 16ng hop phan tit protein fui f-gud- chudi B. Cic chudi
polypeptid A vi B duge tich va tinh ché biing k¥ thult diic timg ¢6 sw tham gin cla
cyanua bromid. Két hop chudi polypeptid A vi chudi polypeptid B trong diéu kien
thich hop dé hinh thanh cdc lién két disulfur, tao nén phan tit insulin hoal tinh ding

trong chita bénh.
2, San xpit interferon

Interferon duge phit hien nim 1957, interferon 1a mét protein khing 1thé duoc
hinh thanh khi 1¢ bao bi nhiém virus, ¢é tic dung gitip t& bio chang lai su xam nhiém
cua ¢iic loai virus khic. Interferon khong ¢6 tinh dac hiéu virus, ¢6 tinh dic hiéu loai
cao, interferon do t& bio cia lodi nde sinh ra chi ¢6 thé gitp co thé eia lodi dé chong -
lal virus. T nam 1980, interferon duge sin xudt bing k§ thuit gen.

Trude day. interferon dwoge phin loai dya vio tinh bén viing véi acid. Ngiy
nay phin loar interferon theo loai (€ bdo san xudt, gdm hai nhém véi cic loai
mterferon . interferon 3 v interferon v.

Cic mterferon nhém T gém interferon « do cic &€ bio bach ciu sdan sinh,
interferon 3 do cic t¢ bio fibroblasts sén xudt, ki ¢6 su xam nhiém coa virus. Ciic
Interferon nhdm I L interferon y do ciie 1& bio lympho T sin xuit. Interferon o do
22 gen khice nhau trén nhiém sic thé s6 9 ma hod. Cic interferon 3 do mot gen nim
trén nhi¢m sic the 56 2 mi hod, interferon ¥ do mét gen ndm teén nhiém siic hé s 12

ma hod.
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Interferon o (IFN- ) 1a protein ¢6 166 acid amin, interferon 3 (IFN- 3) cé
187 acid amin con interferon ¥ (1IFN- v) ¢6 220 acid amin. Cdc interferon ¢6 tic dung
khang virus, diéu hod mién dich, chéng lai su ting sinh cha cic t& bao khai u, chémg
ung thur...

Ciic budc chu yéu trong cong nghé san xuat imterferon:

- Tiich mRNA tir ciic gen mi hod interferon cua t& bio bach cau nguo (tuy
theo yéu ciu san xudt ¢in tich mRNA coa gen mi hod interferon o, interferon 3 hoac
interferon ), thue hién k¥ thudt phién mi nguge tuo cDNA tirong ong.

- Sit dung vecto tich dong 1a phage A tao cdc vecte tdi 16 hgp gitia cDNA véi
vecls tich dong.

- Chuyén vecto 1di 16 hop vio vi khudn E. coli. nudi ey tao sinh khai dé thu
interferon.

- Tach chiét, tinh sach interferon, bio che vdéi cic phu gia nhu NaCl,
KH,PO,, Na,HPO,. dextan... ding k§ thuit dong khd vd dong géi ché phim

interferon.

3. San xuat Kich to hormon sinh trudng nguii

(Human growth hormone)

Hormon sinh trudng nguési (hGH) th mét protein ¢6 191 axit amin, duec
sin xudt o tuyén yén. Tuyén yén quyél dinh su phit trién cioa mo xuong va toc do
phat trién ¢l ngudi. Mot s6 tré em bi gidm chie nang tuyén yén phit trien khong
binh thudng. do qui it hormon sinh trudng,. Trude day, tré em ¢di coc duge diéu L
bing hormon sinh trudng tich chiét tir tuyén yén ngudi chét. Diéu tri cho maot tre
em thiéu nang tuyén yén rit ton kém. trong mét nim cin lugng hormon tir hon 70
nio ngudi chél. Mat khic hGH thu duge biing tir niio ngudsi chét ¢6 thé bi lay nhiém
cdc bénh & ndo, nén kém hicu qua. Pouan peptid tin hiéu cua hormon sinh truong
ngudi gom 24 acid amin ¢ doan diu cua phin tw protein, peptid tin hiéu qui dinh vi

tri ndo trong 1€ bio protein duge dita dén hoie tiét ra ngodi t€ bio.
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Céc budc co ban trong cong nghé tdng hop hormon sinh truéng ngudi bing
k¥ thudt gen:

- Tich chiét mRNAq, tif cic t€ bio tuyén yén dang hoat dong

- Tong hop phan tit DNA b6 sung (cDNA) nhey enzym phién mi nguge
(reverse transcriptase) va DNA- polymerase

- S dung cip enzym gidi han Eco RI vi Hind TII ciit cDNA, va loai bo
doan gen diéu khién doan peptid tin hiéu,

- Téng hop nhan tao doan gen ma hoa 24 acid amin cé su khdc biét mot
hodc hai nucleotid so véi doan gen mi hod peptid tin hién vi giin doan gen nay vao
cDNA tac nén gen ma hoi hGH.

- Tao cdc plasmid tdi to hop gitta gen mi hod hGH vil plasmid rBR322.

- Bi€n nap plasmid tii t6 hop vdo vi khudn E. coli, nuoi cdy tao sinh khai

deé thu hGH, sau dé tach vi tinh ché hGH dé tao ché phém.
4. Tong hop Somatostatin

Somatostatin [i hormon duge tao ra & ving nio diéu khién than nhiét. Biing
k¥ thudt gen somatostatin ¢6 thé 10 ra trong £. coli gidng nhu k¥ thuat tong hop
cic polypeptid ngédn.

Cic bude chi y&u cia cong nghé sin xudt somatostatin:

- Tong hop hod hoc mat phan tit DNA sgi don ¢é 51 base, ¢6 trinh t: TAC
- 42 base {(md hod somatostartin) - ACTATC,

- Phién mil tao mRNA tuong ing li: AUG - 42 base - UGAUAG. Phan tit
MRNA nay ¢6 mdt bd ba AUG khong duge st dung cho su khéi déu, mot trinh tu
g6m 42 base mil hoid somatostatin vi hai bd ba stop.

- Sw dung k¥ thudt phién mi ngude tao cDNA tuong ting.

- Vecto tich dong la plasmid pBR322 duge bién ddi ¢6 promoter lac va
mot phiin cua gen lacZ. Boan cudi gen lacZ mi hod doan peptid ¢6 nhém - NH, cla

enzym [-galactosidase. Tao veclo tdi t6 hop giita cDNA vé6i vecto tich dang.
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- Bién nap vecto tich dong vio t€ bao chu, trong t€ bio bién nap tao thinh
mot phin tr protein lai cd doan peptid c¢é nhém - NH., cia enzym [3-galuctosidase
vii doun peptid cia somatostatin,

- Tach va tinh ché protein va xir li véi cyanua bromid, tao nén somatostatin,

IV. LIEU PHAP GEN

Li¢u phip gen 1a k¥ thuat dua mot gen linh vio co thé thay thé cho gen bénh,

hoac dua gen ciin thié¢t ndo dé thay vio vi tri clia gen bi sui hdng. Do gen mdi dua vio
- co the co thé biéu hién mét cich tuy tién hodc khang duoc biéu hién. Gen méi dua

vio ¢6 the gay ra hi¢u qud khéng mong muén, ¢6 thé gin vio vi tri gay hoat hod mot
gen tién ung thy, din dén sy biéu hién qui dé ctia gen gay ra ung thu... nén khoé khan
160 nhit cla k¥ thuit gen 13 su kiém soat cac gen cin dua vio co thé. Liéu phdp gen
thinh cong ty thude vio cdc vecto tai 16 hop vi diéu kién k¥ thuat hién dai.

Vecto tich dong sir dung trong liéu phip gen thudng sir dung 1a cdc virus.
Nhém retrovirus gém cde virus RNA ¢6 enzym phién md nguge, thudng dioc si
dung trong chuyén gen vao t&€ bao ngudi. Retrovirus cho phép cii DNA vio t& bao
chu, va biéu hién DNA trong t€ bio. Tuy nhién, sit dung retrovirus lam vecta chuyén
gen ©6 nhiéu han ché&: retrovirus 1A nhém virus gty ung thu; bo gen retrovirus gin vao
bo gen t€ bio chi mdt cich nghu nhién khong kiém sodt duoc, dé giy cic dot bién
khong khong dinh hudng trén bd gen cila t€ bio chii, mat khic retrovirus chi lay
nhiém nhanh & nhitng t€ bio dang phan chia, nén st dung retrovirus lam vecto
chuyén gen khong thé dp dung dé sita chita & nhimg 1€ bie di duoc biét hod tan
clng.

Nhom adenovirus a virus DNA, ¢6 khi ning xam nhiém nhiéu loai 1€ bio
(khong ciin 0 giai doan t& bio phan chia, thich hgp cho viéc chuyén gen vio 1€ bio
biéu bi & dudug ho hap.

Mot s6 y kién cho ring viéc sit dung liéu phdp gen & ngudi tic dong truc
1iép viio von di truyén cla nhan loai, do viy cin phai bi kiém sodt chit ché. Mot s6

nuge con dé nghi nghiém ciim str dung liéu phip gen chita bénh & nguoi. Hién nay,
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liéu phip gen [a mét phwong phip diéu tri bénh méi diy hita hen, ngly cing 6

nhiéu ngudi duge chita bénh bang liéu phip gen.
1. Liéu phap gen chira cic bénh di truyén

Bénh thiéu hut mién djch gay ra bGsi mot khi€m khuyét trong gen mi hod
enzym adenosine deaminase (ADA) licn quan dén sy chuyén hod purin. Nguoi
dong hop tir gen ADA bi hong ¢6 mét hé mién dich rit yéu, ¢6 nguy oot vong do
nhiém mot s bénh, ma nhimg ngusi ¢é gen ADA binh thudng khong bi. Tre em bi
bénh ndy phai nuoi cich 1i thuong xuyén trong nhi kinh, dé tranh sir nhidm cdc tic
nhan gy bénh. Nam 1990, French Anderson va cong su thanh céng sit dung liéu
phdp gen chiia bénh thicu hut ADA cho mdt em gdi 4 tuéi. Anderson va cong su di
liy mot s6 t€ bao miu tring khiém khuyét, ciy vao té bao mot veeto retrovirus chifa
mot gen ADA binh thudng. Sau mot dén hai thing & bio ndy duge ciy lai vio
ngudi chiu bé, trong khi vin ti€p tuc diéu tri che chéu bing enzym ADA. Nam
1992, chdu bé da phuc hoi duge chie ning cia hé théng mién dich va sinh hoat

nhu ngudi binh thuong.

Bénh ciu hinh liém [a bénh  thi¢u midu di truyén, ngudi bi bénh hong ciu
hinh liém do gen - globin bi dot bién. Li¢u phdp gen 6 thé thay cic (€ bao ty
xuong mang gen dot bién bing cic 1€ bio y xwong mang gen binh thuimg.

Cic bude co bin cua lidu phiip gen:

- Tdch mot 56 t€ bio tuy xuong cla ngudi bénh, sau dé chuyén gen p-
globin binh thuting di dugce tich dong vio cic € bio tiy xuong niy, chon loc cic
t€ bito tuy xuong (i 16 hop mang gen B-globin binh thuomg.

- Nudi (¢ bio cic t€ bio tuy xuvong tdi t6 hop mang gen  f-globin binii
thudng trong di¢u kién thich hop dé tao sinh khoi.

- Chieu xa tia X véi mot licu lugng cao cho bénh nhan, dé giét cic 1€ biao
Wy xuong mang gen dét bién.

- Cliy cife ¢ bio tuy xuong (di t6 hop mang gen -globin binh thudmg vio
co thé ngudi béuh, cic 1€ bio niy s sinh trudng vl phue hoi din s6 lrong 1€ bilo

ty xuong. bénh thi¢u madu din din duoe khic phuc.
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Diéu trt licu phap gen véi cie t€ bio bénh duge xir 1{ & bén ngodi co thé goi

Iiv diéu tri ex vivo.
2. Liéu phdp gen trong diéu tri bénh AIDS

Nam 1983 tai hai phong thi nghiém Vién nghién aitu Pasteur (Phip) va
Yien nghien ¢l Ung thu Quée gia (M¥) ddng thdi phat hién virus gy suy giam
khi rang mién dich cia co thé ngusi (HIV),

Nam 1996, Mery Kerington nit bic hoc ngutsi My da phit hién hai gen 13
CD; vit CCR; ¢6 kha ning gitip cho cde t¢ bio khang virus HIV. Ngudi bj nhiém
virus HIV tién trién thinh bénh nhan AIDS, do gen CCR; o dang binh thuong
khomg bién di. Trong 1& bio virus HIV ti€p can gin t€ bao mién dich, gen CCR.
dieu khién t& bao téng hgp protein CCR;, protein niy két hop véi protein CD, {do
gen CD; mil hoid) tao thinh diém thu cém cho virus HIV tiép xic véi t€ bio mién
dich. Bo gen cta virus HIV duoc gin véi bo gen t& bio & vi b trong gen CCR.,
duge 16n tai v nhan 1én cling véi cic t& blo trong qui trinh phin chia. day 1 giai
doan u bénh. Mot s6 ngudi ¢ gen CCR; bi biéh di, khong tao cic diém thuy cam
trén bé mat & bio, virus HIV khong thé tiép can duge véi 1€ bilo mién dich, nhimg
ngudi ¢6 gen CCR; bign di di tiép xidc trre tiép véi virus HIV ciing khong bi lay
bénh.

Phit hi¢n coa Mery Kerington mé ra tri€n vong méi chita khoi duge bénh
AIDS theo hudng 190 mét loui Khing nguyén ¢é thé k&t hop vdi gen CCR; , hoic
chuyén cic gen CCR; bign di vio co thé ngudi ¢€ vo hiéu hod virus HIV. BPiy 1a bién

phap trién vong nhat dé chita bénh AIDS frong tuong Lai.

V. KY THUAT GEN UNG DUNG TRONG CHUAN DOAN CAC BENH DI
TRUYEN
Ky thudt gen duoe tien hanh nghién citu va trién khai tai Vigt Nam tropg
hang loat cde ting dung: tng dung PCR phdt hién doan DNA dic hiéu cta vi khuin
Mycobacteriunt tuberculosis trong chuin dodn béunh luo, g dung RT- PCR phit

hign Virns Dengie (DHT) gdy sét xudt huyét tai cdc bénh vién ahi, tng dung PCR
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phit hién doan DNA ‘dac hiéw cia vi khuidn Helicobacter pylori tir cde miu sinh
thiét dé xdc dinh cic trudng hop viem loét da diy, td trang do vi khuidn
Helicohacter pylori.

Ung thu gan id loai ung thu do virus viem gan HBV, HCV gay nén. C6 thé
chuin dodn ung thy gan bing xét nghiém phan {ng huyét thanh tim khdng nguyén
HBsAg. Sir dung k¥ thudt gen chan dodn ung thu gan, c¢6 thé chudn dodn chinh xdc
loai ung thw gan nguyén phit do HBV hoac dinh luong RNA cua virus HCV trong
huyét thanh nho st dung phin tng PCR da duge sir dung & mét 56 bénh vién nudc

ta.
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