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MO PAU

Chung ta dang bi cudn hat va phan nao dang that sw tham gia vao mét cudc
cach mang khoa hoc cong nghé ma that ra da dwgc dy doan trwdc tir nhirng nam bay
muoi cha thé ky XX vira qua. Nhwng loai nguwdi van bi bat ngd vi nhirng thanh tyu
ndi tiép thanh twu ngay cang dén dap lam tdng qua nhanh téc d6 clia cudc cach mang
doé - cach mang cdng nghé sinh hoc hién dai ma hat nhan la di truyén hoc - Iinh vuc
khoa hoc da dat t¢i mot tdm cao ly thuyét da dé tré thanh lwc lwong san xuét truc
tiép, phuc vu hét strc hiéu qua cho cac nhu cau hang ngay cta thuc tién xa hoi, khong
phai chi clia cac nwéc phat trién ma cho ca cac nuwéc nghéo nhw nuwédc ta. Diéu dac
biét va rat dac thu & day la cuéc cach mang nay da va dang tao ra nhirng co hdi Ion
va rat hiém c6 dé cho cac nwdc nghéo co thé rut ngén khodng cach véi cac nuwéc giau
trong viéc phat trién khoa hoc nay, néu chang ta biét chép 14y va tan dung tét nhirng
co héi.

Cac khai niém vé “gen”, “ADN”, m¢&i ngay nao con mang ndng tinh han lam, ly
thuyét xa voi, thi gi day cac san pham tlr ching da bay ban trén cac sap & cho trén
khap cac chau luc. Viéc thao tac ADN, cac ky thuat di truyén phan t&r - mot hé théng
cac phuong phap két hop nhirtng thanh twu khoa hoc I&n dwoc giadi thwdng Nobel,
gior day dang dwoc s dung phd bién trén khap thé gidi, trong d6 cé nhiéu phong thi
nghiém & nwéc ta, dé phuc vu nhirng nhu cau thwe tién da dang.

Ngay 12-2-2001 toan bd trinh tw hé gen nguwdi da dwoc xac dinh va cong bd,
mé& ra mot thdi ky phat trién maéi cha di truyén hoc trén déi twong con ngudi. Day lai
la mét co hdi nlra cho cac nwédc con ngheo vi dwgce thira huwdng mot kho thdng tin
khéng 16 va vé gia ma khadng phai tra tién.

Gi4o trinh nay dwoc bién soan nham cung cip nhitng kién thirc co ban nhét
vé di truyén hoc, twong dwong véi chwong trinh phd théng trung hoc clia mén hoc.

Trung tam cua di truyén hoc la gen

T cubi thap ky 60 cla thé ky XX xuéat hién mot cong nghé cao bat nguén tir di
truyén hoc hién dai goi la ky thuat di truyén. N6 da phat trién voi tbc do than ky va dat
t&i diém ma hién nay trong nhiéu phong thi nghiém trén toan thé gidi ky thuat nay da
tré thanh cong viéc hang ngay: tir tach chiét doan ADN dic thu cdia mot hé gen cla
mot sinh vat dén viéc xac dinh trinh tw bazo va danh gia chirc nang cta né. Diéu dic
biét hap dan la cdc nha khoa hoc riéng biét c6 thé dp dung ky thuat ma



khéng can nhieng thiét bj dat tién hodc nhirng nguén tai chinh Ién, ndm ngoai
tam v&i clia ca nhan cac nha khoa hoc riéng 18.

Nguyén ly co ban clia ky thuat nay kha don gian. Co s& cla cong nghé la
théng tin di truyén ma hoa trong ADN, t6n tai & dang cac gen. Théng tin nay cé thé
stra dbi theo nhiéu cach khac nhau dé dat téi nhirng muc tiéu nhat dinh trong nghién
ctu ly thuyét, 'ng dung va trong y hoc. Cé 4 linh vwc chd yéu s dung thao tac di
truyén la:

- Nghién ctu ly thuyét vé ciu tric va chirc nang cua gen;

- San xuét cac protein hiru ich bang cac phuwong phap méi, dwa trén
chlrc nang cua gen;

- Tao ra céac thye vat, ddng vat va vi sinh vat chuyén gen;

- Xét nghiém ADN dé xac dinh d&c trwng ca thé va chan doan bénh di
truyén va bénh nhiém tring...

Nhw vay, trung tdm cda di truyén hoc la GEN. Trén co s& hiéu biét ré cu
tric, chire nang va qui luat van dong clia ching con nguwdi dang ngay cang lam cha
céng nghé diéu khién sy sdng clia mudn loai theo hwédng mong mudn.

Vay gen la gi? Hanh vi clia ching ra sao? Con ngu¢i dang va sé lam duoc gi
dé diéu khién hanh vi dé phuc vu cho lgi ich ctia nhan loai?

Gen dwoc Mendel phat hién tir thé ky 19

Ngay tir khi lich st loai nguoi bat dau, ngudi ta da tw héi cac dic diém, tinh
trang da dworc truyén tir thé hé nay sang thé hé khac nhuw thé nao. Méc du céc con
thwdng tréng gidbng bd hodc me hon, nhung néi chung cac dac diém thuwdng pha tron
gitra ca bb va me. Nhiéu thé ky chon gibng déng vat va thuc vat da cho thay céc tinh
trang c6 ich nhu tbc d6 chay clia ngwa, strc manh ctia bd, kich thwdc ciia hoa qua
chiu @nh hwéng ré rang cta nhitng phép lai nhat dinh. Tuy nhién, luc d6 khéng c6
mot phwong phap khoa hoc nao cé thé dy doan trudc két qué ciia mét phép lai gitra
hai cap cha me cu thé.

Cho dén tan nam 1865 mét thay tu ngwdi Ao tén 1a Gregor Mendel da phat
hién ra rang nhirng tinh trang riéng biét dwoc xac dinh b&i cac nhan té riéng ré ma
sau nay dwoc goi la gen. Chinh ching 1a cai dwoc di truyén to» bd me sang cac con.
Cach nghién ctru nghiém tuc va chat ché clia éng da bién chon gidng ndng nghiép tiy
mot nghé thuat tré thanh khoa hoc. Tuy nhién, cong trinh ctia 6ng lic d6 chwa dwoc
thtra nhéan ngay. Vi vay, khoa hoc di truyén chi that sy dwoc tai sinh véi viéc phat
minh lai céng trinh ctia Gregor Mendel vao dau thé ky 20 va 40 ndm sau cac nguyén
ly di truyén d6 da dwoc chirng minh va lam sang td. Di truyén hoc vi sinh vat da phat
trién manh mé vao nhirtng nam 40 thé ky trwdc va vai trd ctia ADN (thanh phan héa
hoc clia gen) da dwoc khang dinh. Ciing vi vay, sw hiéu biét clia con ngudi vé cac co



ché chuyén gen gitra cac vi khuan ciing nhw nhirng kién thirc co' ban cta khoa hoc
sy sbng tr& nén sang té hon rat nhiéu.

Phat minh cia James Watson va Francis Crick ndm 1953 vé c4u tric cla
ADN d3 tao ra bwéc dot pha cho phat trién di truyén hoc & mrc phan t&v. Viéc giai
xong méa di truyén day du vao ndm 1966 duwoc coi la ngay ra doi cha di truyén hoc
hién dai.

T nam 1865 dén ngay nay lich s& phat trién cta di truyén hoc phan anh s
hiéu biét ngay cang tang ctia con nguoi vé gen. Trwdc khi dinh nghia gen mét cach
chinh xac, chung ta hay tam hiéu gen Ia mét doan ADN cé da théng tin di truyén dé
qui dinh mét chirc ndng nhw mau mét cla ngwdi, hinh dang clGa hat dau hay mét can
bénh nao do.

Gen chi yéu nam trén cac nhiém sac thé

T4t ca cac sinh vat déu ciu thanh tlr cac té bao. Cac phan &ng héa hoc dién ra
bén trong cac té bao goi la qua trinh trao déi chat. Théng tin di truyén can thiét dé
duy tri céc té bao ton tai va san sinh ra cac té bao méi dwoc tang trir trong nhan té
bao céac sinh vat. Thong tin di truyén dwoc truyén tir mot thé hé sang thé hé tiép theo.

Nhan t& bao cé chira théng tin di truyén (ADN) Ia trung tam diéu khién cua té
bao. ADN dwoc boc géi thanh cac nhiém séc thé. Viéc tbng hop (sao chép) ADN va
tbng hop (phién ma) ARN twong tng di&n ra bén trong nhan. Phién ma la buéc dau
tién trong qua trinh biéu hién ctia théng tin di truyén va la hoat déng trao dbi chéat chi
yéu clia nhan té bao.

T& bao

Hinh 1.

Mbi gen, tirc mbi don vi thong tin di truyén 12 mot doan ADN ma théng tin cla

né dwoc thé hién trong moét ngdn ngl chi bao gdbm 4 chir cai, méi chiv la mét bazo

nito. Théng tin lwu trir trong cac soi ADN sau do thé hién trong trinh tw cla moét loai
polymer sinh hoc khac, dé la protein.

f ADN i)y ARN =ssssmls PROTEIN
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Nhan ban Phién ma Dich ma

Hinh 2.



Cong trinh t& bao hoc cudi nhitng nam 1800 d& chirng minh rdng méi co thé
sbng c6 mot bd nhiém sac thé d&c thu nam
trong mbéi t& bao. Cung thodi gian d6 céac
nghién cru héa sinh hoc da cho thiy réng vat
liéu cAu tao nén cac nhiém séc thé bao gébm
ADN va protein.

Léi ciia 8 phén t Histon

Histon H1

Coéng trinh clia Avery va Hershey,
trong nhirtng nam 1940 va 1950, da ching
minh rdng ADN la phan ti di truyén.

Céc cong trinh hoan thanh vao nhitng nam 1960 va 1970 da cho thiy, mbi
nhiém séc thé 1a mdt ciu tric chi gdm mdt soi ADN lién tuc va rat dai. O sinh vat bac
cao céc protein cAu tric, ma mot sé trong dé 1a histon, déng vai trd gia d& giup cho
ADN c6 c4u tric nhiém sac thé chat ché.

Hhén t& bao

Nhan ban ADN

Polymerase

Nhiém sic the
d

Xir Iy ARN

\_ i théng tin ARN
- -~ = Mang nhan

Hinh 4.
Gen c6 thanh phan l1a ADN hoac ARN

Céu tric ctia ADN (Axit DeoxyriboNucleic) gém 4 don vi vat liéu goi 1a cac
nucleotid. MAi nucleotid gdm dwdng deoxyribose, nhém phosphat, va moét trong 4
bazo nito: adenin (A), thymin (T), guanin (G), va cytosin (C). Cac nhém phosphat va
duwdng clia cac nucleotid ké can ndi véi nhau tao nén mét polymer mach dai. Trong
khi d6 cac bazo nito A két véi T va G két véi C tao cho phan t&r ADN hinh anh mét
chubi xoan kép gibng nhw cai thang xoén trong nha &. Piéu nay dwoc khang dinh
trong cong trinh nam 1953 cua James Watson va Francis Crick tai phong thi nghiém
Cavendish & Cambridge, nwéc Anh.



Nhw vay cac cap bazo cé tac dung gan chudi xoan kép véi nhau. Noi "bét
dau" ctia soi phan t&r ADN duwoc ky hiéu 14 5'. Con dudi ctia phan t&r ADN dworc ky hiéu
la dau 3'. Thuat ngir 5' va 3' chi vi tri cia bazo twong (rng v&i phan tr dwong trén bd
khung ADN noi cac méi lién két phosphodiester két néi gitra nguyén tlr carbon 3' va

carbon 5' clia dwong deoxyribose (trong ADN) hodc dwong ribose (trong ARN).
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Hinh 5.

Hinh 6.

Mbi nhiém s&c thé chi bao gdm moét phan ti

ADN don I1é. ADN cua chung ta chira téi hon 3 ty

| cap bazo - mét con sb khéng 16. Tat ca lwong
théng tin nay phai dwoc tb chirc theo cach dé co
thé boc géi bén trong nhan té bao bé nhé. Dé thuc
hién dwoc viec d6, ADN phai nam trong té hop voi
histon dé& tao thanh chromatin. Histon |14 nhirng
protein dic biét d& phan t& ADN c6 thé cudn
quanh va tr& nén c6 dac hon. Sau dé chromatin tw

Hinh 7. Hai sgi ADN trong chudi xoén

kép c6 dinh huéng nguoc nhau cudn va tao thanh dang nhiém sac thé.

Khi mét té bao phan chia thanh hai t& bao con thi ADN, tat ca 46 nhiém séc
thé, chdng han, & ngudi, phai dwoc sao chép (tbng hop). Tinh d&c hiéu trong viéc
két cap gitva A/T va C/G 14 rat quan trong dé& téng hop soi ADN méi gibng hét soi
ADN cha me. Vi mbi soi nay dwoc dung lam khudn dé tbng hop ADN theo nguyén
téc bd sung gitra hai s@i — soi cii lam khudn va soi méi dwoc tdng hop.

Néu c6 truc trdc xay ra trong qua trinh sao chép ADN thi né sé& lam hdng
chirc nang ctia gen. Chéng han, néu mét bazo sai dwoc xen vao trong qua trinh sao
chép (mot dot bién) va sai sét nay xay ra & doan gitra ctia mot gen quan trong, thi nd
c6 thé dan dén mét protein bj bat hoat. R4t may, ching ta da cé dwoc trong qua
trinh tién héa nhitng co ché khac nhau dé ddm bao rang nhirng dot bién nhuw thé
dwoc phat hién, dwoc stra chira va khdng bi nhan 1én. Tuy nhién, déi khi nhirng co
ché nay bi hong va dét bién khéng dwoc slra chiva van c xay ra. Trong truéng hop
do6 qua trinh chuyén hoéa hodc mét ciu tric sé bj hily hoai dan dén bénh tat.



Hinh 8.

Provirus mdi
dugc tao thanh

ADN ADN

Mét sb virut lwu trir théng tin di truyén trong ARN, mac du da co luc nguoi ta

tin rang ADN la phan t&r di truyén duy nhét.

Mac du vay, cac virut nay van tao ra protein ding theo cach nhw & céac sinh vat
bac cao. Trong qua trinh gay nhiém (virut xam nhap vao té bao chi), dau tién ARN
virut phién ma nguoc tré lai ADN, sau dé chuyén sang ARN rbi sang protein phu hop
véi so dd da dwoc chap nhan. Qua trinh chuyén déi tv ARN sang ADN goi 1a phién
ma nguoc, va cac virut st dung co' ché nay goi 1a retro-virut. M6t polymerase chuyén
dung, goi la transcriptase nguoc, st dung ARN nhw soi khudn dé tébng hop phan tir
ADN mach kép bd sung nhw néu & hinh trén.

Gen c6 thé tw sinh ra gen

3% 5

e 50i ban ddu
501 mdi

=== Mdi ARN

Soi

2 dfn ddu

thea sau

Miii t&n chi hu'dng
sao chép ADN

5

Hinh 9.

Vi cac gen c6 thanh phan cAu tao la ADN nén
chiing c6 thé tw tao ra ching khi ADN sao chép. Tinh
d&c hiéu trong qua trinh két cap bazo gitra A/T va
C/G giup giai thich vi sao ADN duoc sao chép trwéc
khi t& bao phan chia. Cac enzym dan xoan ADN
bang cach bé gay cac mdi lién két hydro gitra cac
cap bazo. Cac bazo' khdng két cap gior day cé thé tw
do bam vao cac nucleotid khac véi cac bazo bb tro.
Enzym primase bt dau quéa trinh bang cach tbng
hop cac doan méi ARN ngan bb tro véi ADN chua
két cap. ADN polymerase bay gi® dinh cac nucleotid
ADN vao mét dau cua soi bd tro dang duoc kéo dai
ra do tbng hop.

Qua trinh sao chép dwoc thyc hién lién tuc trén mot soi goi la soi déan dau. Vi
qua trinh tng ho'p bao gid ciing bat diu tai du 3’ cla soi khudn va tién dan vé phia



dau 5’ cua soi khudn nay, nén soi ADN méi chi dwoc sao chép lién tuc trén mot soi
khuén. Trén hinh n6é & phia bén phai. Con trén sgi khudn bén trai hinh, qua trinh
tbng hop dién ra véi nhirtng doan ngén riéng biét cé tén Okazaki. Soi nay goi 1a soi
theo sau..Sau d6 enzym c6 tén la ligase sé& ndi cac doan Okazaki v&i nhau, tao nén
s@i ADN m¢&i hoan chinh.

Bay gid ta cé 2 phan tir ADN, mdt phan ti & soi géc ban dau va mot soi moi
c6 trinh tw cac nucleotid b tro (bd sung) véi né. Hai soi gibng hét nhau vé trinh tw
sép xép cac nucleotid.

Primase ADN
Mdi ARN

Ligase ADN

Polymerase ADN (Palea)

Soi
theo sau

Topoisomerase
Polymerase ADN ;:P'Dli"!}
Helicase

Ejt_wi don,
gan protein

Hinh 10.



Ngén ngir ciia gen don gian nhwng chira day thong tin

Théng tin di truyén gibng nhw mét ngén ngtr. Ching ta st dung cac chi cai
trong bang alphabet dé tao ra cac ti, sau d6 ndi cac t lai véi nhau dé tao ra cac
céau, cac doan van va cac cudn sach. Trong ngén ngi® ADN:

Bang alphabet chico 4 chir cai A, T, G va C.

M®i chi¥ cai la mot hop chat hoa hoc goi la bazo hodc nucleotid. Bén chi cai
nay dwoc dung dé tao ra cac t di truyén goi la codon.

Khac ngén ngir binh thwéng, tat ca céc tir di truyén chi gdm 3 chir cai.

Céc tir nay két hop véi nhau tao nén cac cau goi la gen cé chirc ndng xac
dinh trinh tw cac axit amin trong polypeptid.

Tai cudi mbi cau cé mot tr dac biét dung lam diu chdm cau goi la codon
dirng. TAt c& cac cau néi lai véi nhau tao thanh cubn sach chra dwng toan bo
thong tin di truyén vé mot sinh vat goi la hé gen.

Chung ta hay lam mét phép so sanh gitra tiéng Viét va Ngén ngi di truyén:

So sanh cac ngdn ngir

Tiéng Viét Ngoén ngir¥ Di truyén

- Ta c6 24 chir cai dé tao nén cac tw ADN c6 4 phan tir dé tao nén cac b ba

- CAc tir c6 chiéu dai khac nhau Cac bd ba c6 chiéu dai bang nhau

- Chung ta ghép cac tir d& tao nén cau Cac bd ba phdi hop tao nén cac gen

- M6i cau két thiic bing mét diu cham M&i gen két thiic bang mét bé ba vé nghia

- Céac cau hop lai tao ra Sach T4t ca cac gen hop lai tao nén hé gen

Bazo’ thir 2 trong codon
U c A G Ngoén ngi di truyén ctia ADN cung
Phe Ser |Tyr |Cys cép thong tin can thiét cho viéc san xuét
Phe Ser Tyr Cys A . 2 . i L
Leu |[Ser |STOP |STOP cac protein dé thwc hién cac qua trinh trao
L S STOP [T 2. e > > x 5 . n
Lo - = ddi chat dam bao cho sw sbng cuia sinh vat.
Leu Pro His Arg i . . i R R .
Cac protein lai c6 ngbn nglr riéng cua
chung véi bang "alphabet" c6 20 "chir cai".

Leu Pro His Arg
Leu Pro Gin Arg
Cac chir cai nay la cac axit amin.

Leu Pro Gin Arg

Ile Thr Asn Ser
Ile Thr Asn Ser
Ile Thr Lys Arg
Met |Thr Lys Arg
Val Ala Asp Gly
val Ala Asp Gly
val Ala Glu Gly
val Ala Glu Gly

Hinh 11. 9

ARN duwoc dung dé "dich" ngén ngiv di
truyén sang ngdn ngi¥ protein. N6 lay théng tin
tr gen trén soi ADN dé tao ra cac protein can
thiét cho sw séng.

Bazo thir nhit trong codon
uopoa Buos ¢ Ny ozeq

G

OP0C O>P0C OPNC OFNC



Doc theo gen (cling la doc theo ADN) cac thdong tin dung cho cac axit amin
duwoc lwu triy trong cac tr gdm 3 chir cai goi 1a codon. M&i codon chi dinh mét axit
amin cu thé. Bang cach doc bd codon nay cac protein dac thu dwoc sinh ra tr ma di
truyén. Cac codon trén ADN ma hoa cho axit amin dac thu. Cé 20 axit amin tim thay
trong cac protein tw nhién.

Bén dwéi la mdt doan trong ngdn ngir clia gen:

CCG ACG TCC GAA GAG TGA CCG ACG TCC GAA GAG TGA CCG ACG TCC
GAA GAG TGA CCG ACG TCC GAA GAG TGA CCG ACG TCC GAA GAG TGA CCG ACG
TCC GAA GAG TGA CCG ACG TCC GAA GAG TGA CCG ACG TCC GAA GAG TGA CCG
ACG TCC GAA GAG TGA CCG ACG TCC GAA GAG TGA CCG ACG TCC GAA GAG TGA
CCG ACG TCC GAA GAG TGA CCG ACG TCC GAA GAG TGA CCG ACG TCC GAA GAG
GAA GAG TGA CCG ACG TCC GAA GAG TGA CCG ACG TCC GAA GAG TGA CCG ACG
TCC GAA GAG TGA CCG

Gen bj bién déi tré thanh dét bién

ADN cuia hai ca thé thudc cung mét loai c6 dd gidng nhau rat cao - chi khac
nhau mot nucleotid trén 1000. Mét dot bién, trong trwong hop don gian nhéat, 1a sy
thay ddi trong mot doan ADN. Thay ddi nay c6 thé hodc khong thé dan dén suw thay
ddi trong protein ma gen dé6 ma héa. Thay dbi khéng anh huéng dén trinh tw protein
dwoc goi la hién twong da hinh va la mét phan cla sw bién di binh thwong trong hé
gen ngudi. Tuy nhién, bién dbi trong ADN thwédng 1am héng chirc ndng clia gen ma
ching ta goi 1a nhirtng biéu hién 1am sang. Protein bi bién di bat ngudn tor dot
bién c6 thé pha v& cach thirc hoat ddng cla gen va dan dén bénh tat. Cac dot bién
nay biéu hién nhw thé nao phu thudc vao kha nang di truyén riéng biét cia ting ca
thé va vao sw twong tac véi moi trwong.

Ngoai ra, bién ddi nay cé thé truyén hoac khéng truyén lai cho cac thé hé ké
tiép. Néu bénh ung thu khéng mang tinh gia dinh, 14 dot bién xay tai cac té bao soma
tach biét thi n6 s& khong truyén lai cho cac thé hé tiép theo. Chi nhitng dot bién xay
ra trong ADN cUa giao tt (tinh tring hodc té bao trirng) sé truyén lai cho thé hé sau.
Néu doét bién truyén lai cho thé hé con thi chung s& mang dét bién d6 trong tat ca cac
té bao cua co thé.

Céc loai dot bién chu yéu xay ra & mirc phan tir dwoc liét ké va giai thich trong
thi du & bang dwai:
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Gen bj bién dbi la dot bién

Binh thwong (Normal)

CAC ANH CHI HAY HOC NUA HOC MAI.
Nham nghia (Missense)

CAC ANH CHA HAY HOC NUA HOC MAI..
V6 nghia (Nonsense)

CAC ANH CHI.

Dich khung do mat doan(Frameshift — deletion)

HHA YHO CNU AHO CMA |

Ngoai cac dot bién xdy ra mirc phan ti, con cé cac loai dot bién phat hién
dwoc & mirc nhiém sac thé nhw dao doan, chuyén doan, méat doan, dot bién ting
gidm sb lwong nhiém sac thé. Tt cd déu dan t&i nhivng hau qud & mirc phan ti
ADN va ngay nay déu co thé phat hién duwoc dé dang bang céac chi thi phan to, ké ca
trwdc sinh va sau sinh. Hau qué cta nhitng dot bién nay thuong hét sirc nghiém
trong. Chang han, mét sé dang ung thw mau |a hau qua cta cac dét bién chuyén
doan nhiém sac thé.

Céc dot bién héa sinh, trong d6 c6 dét bién khuyét dudng, dwoc st dung phd
bién trong cac nghién ctru co ban va nghién clru ing dung trén déi twong visinh vat.

Mbt loai dét bién cé co ché tac dung kha dac biét goi 1a dot bién e ché, khi
chang khéng anh huéng tryc tiép dén gen noi ching xay ra ma tac dong lén sw biéu
hién ctia cac gen khac.

Con dwong tir gen dén tinh trang

oo BT Manban Phan téng két dwdi day vé nhirng qua

MW trinh tham gia vao viéc chuyén théng tin tw

S e ADN sang céac protein dung dé xay dung co

N‘W’! menma thé ching ta. Déi khi quéa trinh nay duoc goi la
w ' Thuyét trung tdm cla di truyén hoc.

1 " tihan - Sao chép 1a quéa trinh ADN tw copy

\ = e > - e
\r\iﬁ_—-—f’@u minh dé chuyén sang té bao méi trong khi
mang nhan

phan chia (nhan I&n) cta té bao.

Dich ma
Téng hop

Protein protein

protein

Thuyét trung tam cua sinh hoc phan tr

Hinh 12. 11



- Phién ma la qua trinh trinh ty ADN (cac nucleotid) trong gen dwgc st dung
dé tao ra soi mARN (ARN théng tin) gibng nd, sau doé soi nay dwoc dung dé diéu
khién viéc téng hop protein.

- Dich ma |a qua trinh ma & dé trinh tw cia mARN duwoc ding d& huéng dan
viéc xay dwng trinh tw axit amin trong protein.

ARNm: 5' uUCG 35— UAG 3 Su cb xdy ra & bat clr qua
r-"lﬁ? .I"'""'UE) trinh nao trong sb ké trén déu cé
3 ¥

thé dan dén sy pha v& chirc néng
i 5 G “5er binh thwong cla gen va dan toi
Hinh 13. bénh tat.
Bén dudi la danh sach 20 axit amin va cong thirc hdéa hoc cia ching do GS.
Douglas J. Burks xay dwng va trao tang.

H H H H H
1 O | D | O I m | m
HyN* .%C . Clo H;H* .%C . Cl& HyN* .®C . C =} HyWN* -*C . C@ HN* -%C . C E=1
' | S I “O i '] I (]
(CH,), CH, CH, CH, CH,
J | | | i
HH cH - LT
i ) )
| | e g
C=HH, == i T H
1 | oH
NH, MH, Phenylalanmn Tyrosm Tryptophan
Argman Glutamn (Phe / F) (Tyr £ ¥) (Trp. W)
furg R (CGln ¥ Q)
Lare ! 1) a H H H
H | =] | LD [ e
| Fa H HyN* -4C . C HyN* . 3C.C® HyN* -*C . Cl®
H,N" -*C - Co | O | | o ! :
| 0 H;M ce CH / Y H, CH,
(CHy), | o HM T |
| H = oOH
MH, Clycm Alanm Histidin Senn
Lwsin (Gly F ) (Als F A) (Hiz / H) {Zer / B)
(Lys £ KD H H H H
H | A | (=] | i | K
c H,N* -2C - Cle HyN* -oC - Cle HyM* -2C - Cla HyN* -*C - Co
R T | X I o J * ! ,
Ts CH,
H, \ ; Hy o lHz ',I'H H-C-OH CHy
X < | I
H;H* .*C - Cl®
il A CH, coo CH, SH
Prolin |
(Pro/ P) COOH
H Aot Slutamic At Aspartic Thereasin Cystein
& (Clu/ E) CAsp f D) (The / T) {Cys / C}
| O P
HyH* -*C - C@ H H H H
| o | O | Fe) [ el I A2
CH, H,N* -=*C .C'® H;N* -=C - Cla H,N* -°C . C’® HyN® -aC - Cl&
1 I o I [ O [ =
I Hy CH, CH, HC-CH, _CH
| | | iy
s CH C=0 CH, s Hy
| ’ -, | |
CH, ©H, TH, M, cH,
Methionin Leucu LLEP ST AR lsolewcin Walin
(Met £ M) {Leud L) (Azn f H) (e 7 1) Val f V)
Hinh 14.

Céc proteins c6 vai trd vo cung to I&n va da dang trong co thé. Chang cé trach
nhiém van chuyén, lvu gitr va xay dwng khung cu tric cla céc té bao. Chung tao ra
khang thé, bd may enzym dé xuc tac cac phan (rng héa sinh hoc can thiét cho cac hoat
dong trao ddi chat. Cudi cung, cac protein la thanh phan quan trong trong nhiéu
hormon, va cac protein co bép ¢6 nhiém vu co bép cac co va sw van dong cla té bao.

Thi du vé moét sb protein quen biét |a hemoglobin, collagen, hormon thyroid,
insulin, va myosin. Bénh tat thuwong la sw biéu hién mét chire ndng khéng phu hop
cua protein do anh hwéng cta di truyén, ctia mdi truéng, hodc ca hai.
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Gen c6 thé bat va tat

Qua co ché phan bao ma chung ta sé& tim hiéu & phan sau cuda tai liéu nay,
hau nhw tat ca cac té bao ctiia mét co thé déu mang cung mét bd gen gibng nhau.
Néu nhw tat ca cac gen dé cung hoat déng véi mirc do6 nhw nhau trong subt thoi gian
tén tai clia co thé, tlr khi hinh thanh hop ti trong bung me dén khi sinh ra va méat di,
thi hinh dang, méi chi néi vé hinh dang, cla tat ca ching ta déu gidng nhau va giéng
nhw mét qua bong (hinh cau). Nhung thuc té da khéng dién ra nhw vay. Nhitng gen
khac nhau & nhitng mé va té bao khac nhau c6 thé hoat déng chirc nang véi cudng
dé khac nhau trong nhirng th&i gian khac nhau. N6i cach khac, cac gen khong san
xuét ra t4t ca protein clia chiing vao moi luc, viéc san xuét protein chiu mét sy diéu
khién nao dé. Cac nha nghién ctru Phap lan dau tién da lam sang té co ché diéu hoa
hoat déng gen trén dbi twong vi khudn goi 1a co ché biéu hién gen phan hoa
(differential gene expression).

Thi nghiém dé nhw sau: Khi c6 duéng lactose trong méi trwéng thi vi khuan
E. coli m& toan bd nhém gen dé chuyén héa dworng. Cac nha nghién clru phat hién
thay lactose da loai bd mét nhan tb &c ché khdi ADN. Sy loai bd nhan t6 &rc ché da
bat dién cho viéc san xuét clia gen.

Gen tao ra nhan t6 (rc ché goi 1a gen diéu hda. Phat minh nay da lam thay ddi
quan niém trwdc do vé sy phat trién cta sinh vat bac cao. Cac té bao khéng nhirng
c6 ké hoach di truyén diing cho céac protein ciu tric trong ADN cla ching ma con cé
ca chwong trinh diéu hoa ditruyén dé biéu hién cac ké hoach néi trén.

Céac chi tiét ciia chuwong trinh diéu hda dwoc nghién ciru trén doan lac operon -
don vi diéu hoa clia gen. So d6 nguyén ly hoat ddng ctia operon trinh bay & dudi.

Operon /acva cac yéu td diéu khién

lacl a1 lacZ lacy /lacA
CAP P D T_
5 — | - = B - -3
AL AUG T ALIG
mARN & l r T -
Protein hoat hoa cAMP Polymerase ARN
“~ Y

[ Bi€u hién & mic d§ cao (céu thanh) T Glucose thap

5 L 3 Cé Lactose
Chat kim ham ol
car PN )4 )4 X - Glucose cao
CR————— L o= e — “— 2 Khing ci Lactose
2 DS X 4 - ;
= % Glucose thap
-
5 -e— > - - * Khéng cb Lactose
cap P O Bi&u hién & mic do thap (cén ban) 1 Glucose cao
5 -0 —__ s * Cé Lactose
Hinh 15.
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Cac gen khac nhau hoat déng trong cac té bao khac nhau

Tat ca cac té bao trong co thé déu
] mang mdt bd gen gidbng nhau cha théng tin
III |II| “ - di truyén day dd. Nhung chi khoadng 20% gen

biéu hién & méi thdi diém cu thé. Cac protein
khac nhau dwoc tao ra & cac té& bao khac
nhau phu hop véi chirc nang cda té bao. Sw

gy |
”“ Ifl I biéu hién ctia gen dwoc kiém soat va diéu hoa

Hinh 16. chat ché.

Phan 1&n sinh vat c6 co thé bao gbm nhiéu loai t& bao khac nhau duoc
chuyén héa dé thuc hién nhitng chirc ndng khac nhau. Ching duoc goi la cac té bao
biét hoa, khac véi cac té bao géc. Té bao gan chang han, khéng cé cac nhiém vu héa
sinh nhw cac té bao than kinh. Vay Ia mbi té bao cla co thé cé cung mét céu truc di
truyén, nhung nhirng loai t& bao khac nhau lam cach nao dé co6 nhirng cau tric khac
nhau va chirc nang héa sinh khac nhau nhw thé? Vi chirc ndng héa sinh dwoc xac dinh
b&i cac enzym (protein) d&c hiéu, nén nhirng bd gen khac nhau phai dwoc bat va tét &
céac loai t& bao khac nhau. Dé Ia cach cac té bao phan hoéa.

Quan niém nay vé sy biéu hién dac thu
L L té bao clia gen da dwoc chivng minh bang cac
[« BB = W ihi nghiém lai - nhiing thi nghiém o6 thé xéc
& & dinh cdc mARN duy nhét c6 trong médi loai té
B EE bao. Gan day, cac phép thir ADN va cac chip
gen da tao diéu kién sang loc nhanh chong tt

3 - . . IV .
ca hoat dong gen cua mét sinh vat. Do vay, sy

sy, Phien ma nouoc,

‘X g8n huynh quang vai e
Cy3 (Xanh 1 ciy) v

e biéu hién ddng thdi ctia cac gen khi phan tng

véi cac nhan té bén ngoai cé thé dwoc sir dung
va xét nghiém nhuw chi ra trén hinh bén trén do
GS. Douglas J. Burks trao tang.

Microarray cADN

Hinh 17.
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Cac gen van dong cung vé&i nhiém sac thé
theo qui luat nguyén phan va giam phan

Tuyét dai da s6 cac gen & sinh vat nhan chuan nam trén cac nhiém séc thé. Vi vay,
nhiém sac thé van chuyén di dau thi tit ca cac gen dinh vi trén né van chuyén dén d6. Nhw
vay, s van déng cla cac gen phu thudc vao cach cac nhiém sac thé phan bd trong qua
trinh nguyén phan va giam phan.

Nguyén phan sinh ra céc té bao gibng hét nhau vé mat di truyén; trong khi cac san
ph&m gidm phan lai khac biét vé mét di truyén vi sw phan ly doc Iap.

= Nguyén phan la qué trinh ma & dé cac
p—— P~ nhiém sac thé trong nhan cla té bao nhan

: - fl{ \a | chuén duwoc chia thanh 2 phan gibng hét nhau
- y_f' \ i /| vé mat di truyén. Do vay co6 thé goi nguyén
| Rl N T }, phan |a photocopy vi tr mét té bao ban dau,

sau nguyén phan hinh thanh hai t& bao cé cau
tric di truyén gibng hét nhau. Con trong qua
trinh gidm phan, théng tin di truyén duwoc td
Hinh 18. Nguyén phan hop lai theo cach: Mbi cap nhiém séc thé
twong dong tach nhau ra dé chuyén vé hai té bao con sau dé véi xac xuéat 50:50. Diéu d6
xay ra voi tat ca cac cap nhiém sac thé twong déng cé trong té bao dang gidm phan. Do
vay, t mdi t& bao ban dau, sau giam phan tao ra hai t& bao cé céu truc di truyén khac
nhau vi ching c6 hai t& hop khac nhau cac nhiém séc thé, ddng nghia véi hai bd gen khac.
Chung ta biét, mdi té bao lwéng bdi chira hai bé nhiém séc thé. Mét ciia me va mét bo tiy
bd. Mét cdp nhiém sac thé twong déng bao gdbm mét chiéc ciia me va mét chiéc cia bb.
Chuang chinh la cac don vj di truyén Mendel,
cho thdy sy phan ly va té hop doc lap. Cac

"~

[ P ) | nhidm sic thé twong déng mang nhirng gen
"1/ gibng nhau nhung c6 thé co nhivng alen khac

[\ '@/ nhau.

\4 !b

. i Céc gen ndm trén cac nhiém sac thé khac
Hinh 19. Giam phéan 5 . A, .z
nhau cling chiu sy chi phoi cua qui luat to hop
déc 1ap clia cac nhiém séc thé cha va me. Do vay, cac giao tlr do gidm phan sinh ra sé& c6
nhi*ng t& hop alen khac nhau vi chiing 1a két qua clia ca hai hién twong tai té hop va sép xép

doc lap.
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Cac gen co6 thé chuyén qua lai giira cac loai

Vi tinh phé bién ctia ma di truydn ma enzym polymerase clia mét sinh vat co
thé dung dé phién ma chinh xac gen cGia mét sinh vat khac. Thi du, nhirtng loai vi
khuén khac nhau cé thé nhan dwoc cac gen khang chét khang sinh bang céach trao
ddi cac doan ADN nhé goi la plasmid. Vao dau nhitng ndm 1970, cac nha nghién clru
& California da dung kiéu trao déi nay dé& chuyén mét phan tir ADN tai té hop tor mot
loai sang loai khac. Vao dau nhirng ndm 1980, cac nha khoa hoc khac da cai tién ky
thuat va dwa mdt gen ctia ngudi vao vi khuén E. coli dé tao ra insulin tai t& hop cla
ngwoi va hormon sinh trwéng.

Hinh 20.

Stanley Cohen (bén trai) va Herbert Boyer (bén phai) da thyc hién thi nghiém
dau tién vé k¥ thuat di truyén vao nam 1973. Ho da chirng minh rang gen cta éch c6
thé chuyén sang cac té bao vi khuan E.coli va biéu hién & ching.

Coéng nghé ADN tai td hop - tirc Ky thuat di truyén - hat nhan cla céng nghé
sinh hoc hién dai, da giup con ngu®i “nhin” dwgc vao bén trong cach thirc hoat déng
céac chi tiét ciia gen. Trong cac trwong hop khéng thé kiém tra chirc ndng gen trén mo
hinh déng vat thi dau tién gen c6 thé biéu hién trén vi khuan hodc trén té bao déng
vat nudi cay. Twong tw, kiéu hinh ctia dot bién gen va hiéu qua cua thubc va cac tac
nhan khac cé thé dwoc kiém nghiém bang cac hé thdng tai té hop. Sw truyén gen nay
c6 thé xay ra trong tw nhién théng qua hién twong bién nap. Diéu dé ching té rang
diéu ma cac nha di truyén hoc c6 thé thuc hién dwoc quan trong hon rat nhiéu so voi
ngudi ta vén nghi trudc day.

Ky thuat thao tac gen cling nhu truyén gen sé dwoc md ta chi tiét & cac phan sau.
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Hé gen la bd day du cac gen ciia mét sinh vat

Trong di truyén hoc kinh dién hé gen cia mét sinh vat lwéng bdi nhan chuan,
chang han con ngudi, la mot bo day di cac nhiém sac thé hodc cac gen cé trong mot
giao tr; cé nghia 1a mot té bao soma binh thworng c6 chira hai hé gen day da. Cac
sinh vat don bdi bao gédm vi khuan, ¢cb sinh vat, virut hay ty thé, trc mot té bao chi cé
chra modt hé gen riéng 18, thi thworng hé gen doé ndm trong mét phan tr ADN hay
ARN (& mét sb virut) mach vong hay mach thang. Trong sinh hoc phan t&r hién dai hé
gen ctia mdt sinh vat 1a théng tin di truyén dwoc ma hoéa trong ADN hodc ARN.

Hé gen bao gbm ca cac gen va doan ADN khéng ma hoa protein. Thuat ngiy
nay dwoc giao s Hans Winkler dat ra vao nam 1920, khi éng lam viéc tai Dai hoc
tbng hop Hamburg, Durc.

Chinh x&c hon, hé gen ctia mét sinh vat la trinh tw di truyén day da ctia mot
bd nhiém séc thé; thi du, mét trong hai b nhiém sac thé cé trong té bao soma & mot
sinh vat lw&ng boi. Thuat nglr hé gen cé thé ap dung mot cach déc thu dé chi mot bod
day du cac ADN trong nhan (thi du "hé gen nhan") nhung ciing cé thé ap dung cho
ADN ndm trong cac co quan ti cla t& bao nhw hé gen ty thé, hé gen lap thé. Ngoai
ra, thuat ngir hé gen con duoc dung cho cac phan ti di truyén khdong phai nhiém sac
thé nhw virut, plasmid va cac yéu tb di truyén van dong (transposable elements). Khi
nguwdi ta néi rang hé gen ctia mét loai sinh san hiru tinh nao dé dwoc giai trinh tw, thi
diéu dé co6 nghia la da xac dinh dwoc trinh tw ciia mdt bd nhiém sac thé thwong va
cac nhiém sac thé gidi tinh.

Ca sb lvong cap bazo va sb gen déu rat khac nhau & cac loai khac nhau.
Hién nay, s lwong gen I&n nhét |a vao khoang 60.000 gen & dong vat nguyén sinh
(protozoan), gan gép 3 1an sé gen trong hé gen nguoi.

Can chu y rang hé gen khéng phan anh tinh da dang di truyén hay da hinh di
truyén ctia mot loai.

Bang dudi so sanh kich thwée clia cac hé gen & nhirng sinh vat khac nhau:

. R Kich thwéc hé gen .
Sinh vat (cap bazo) Nguon tai liéu

First sequenced RNA-

Virus, Bacteriophage MS2 3,569 Genome [3]
Virus, SV40 5,224 [4]
First sequenced DNA-
Virus, Phage -X174; 5,386 Genome [5]
Virus, Phage 48,502
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Bacterium, Haemophilus

First genome of living

influenzae 1,830,000 organism, July 1995 [6]
Smallest non-viral

Bacterium, Carsonella ruddii 160,000 genome.[7]

Bacterium, Buchnera

aphidicola 600,000

Bacterium, Wigglesworthia

glossinidia 700,000

Bacterium, Escherichia coli 4,600,000 [8]

Amoeba, Amoeba dubia

670,000,000,000

Largest known genome.[9]

Plant, Arabidopsis thaliana

First plant genome

157,000,000 sequenced, Dec 2000.[10]
Smallest recorded
: ) :
Plant, Genlisea margaretae 63,400,000 flowering plant genome,

2006.[10]

Plant, Fritillariaassyrica

130,000,000,000

Plant, Populus trichocarpa

First tree genome, Sept

480,000,000 2006

moss, Physcomitrella patens First genome of a bryophyte,

y P 480,000,000 January 2008 [11]
Yeast,Saccharomyces
cerevisiae 12,100,000 [12]
Fungus, Aspergillusnidulans 30,000,000
Nematode, Caenorhabditis First multicellular animal
elegans 98,000,000 genome,December 1998 [13]
Insect, Drosophila
melanogaster aka Fruit Fly 130,000,000 [14]
Insect, Bombyx mori aka Silk 530,000,000

Moth

Insect, Apis mellifera aka
Honey Bee

1,770,000,000

Fish, Tetraodon nigroviridis,
type of Puffer fish

385,000,000

Smallest vertebrate
genome known

Mammal, Homo sapiens

3,200,000,000

Fish, Protopterus aethiopicus
aka Marbled lungfish

130,000,000,000

Largest vertebrate genome
known
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Cac sinh vat khac nhau cé chira nhiéu gen chung

TAt ca cac sinh vat déu lwu trir théng tin di truyén trong cung nhirng phan t&
nhw nhau, ADN hodc ARN. M4 di truyén chung ghi trén cac phan t& nay la bang
chirng tat yéu cho thiy tat ca cac sinh vat déu c6 mét td tién chung. Qua trinh tién
hoéa clia cac dang séng bac cao doi hdi sw phat trién ctia nhivng gen méi dé hd tro
nhitng chwong trinh khac nhau ciia co thé va nhitng kiéu dinh dudng khac nhau.
M&c du vay, cac sinh vat phirc tap van duy tri nhiéu gen diéu khién cac chirc nang
chuyén hoa nong cbt duwoc thuc hién tir qua khir so khai cia chuing.

% gen chung
Cac gen chung cua cac sinh vat véi con nguwei v&i con ngwoi

Khi Chimpanzee, Pantroglodytes,
30 000 genes Chimpanzees have
about the same number of genes
as humans. But then why can't 98%
they speak? The difference could
be in a single gene, FOXP2, whichin
the chimpanzee is missing certain
sections.

Chuét, Mus musculus, 30000 genes
Thanks to mice, researchers have
been able to identify genes linked to 90%
skeletal development, obesity and
Parkinson's disease, to name but a
few.

Ca Van, (Zebra Fish, Danio rerio),
30000 genes 85% of the genes in
these little fish are the same as
yours. Researchers use them to 85%
study the role of genes linked to
blood disease such as anemia
falciforme and heart disease.

Ruéi dam, Drosophila melanogaster,
13600 genes For the past 100 years,
the fruit fly has been (Image: David 36%
M.Phillips, Visuals Unlimited,Inc.)
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Cay Arabidopsis thaliana, 25000
genes. This little plant, from the
mustard family, is used as a model
for the study of all flowering plants.
Scientistsuse its genes to study 26%
hepatolenticular degeneration, a
disease causing copper to
accumulate in the human
liver.(Image: Wally Eberhart, Visuals
Unlimited, Inc.)

Nam men, Saccharomyces
cerevisiae, 6275 genes You have
certain genes in common with this
organism that is used to make
bread, beer and wine. Scientists use

yeast to study the metabolism of 23%
sugars, the cell division process,

and diseases such ascancer.

(Image: Kessel & Shih, Visuals

Unlimited, Inc.)

Giun diaa, Caenorhabditis elegans,

19000 genes Just like you, this

worm possesses muscles, a

nervous system, intestines and

sexual organs. Thatis why the 21%

roundworm is used to study genes
linked to aging, to neurological
diseases such as Alzheimer's, to
cancer and to kidneydisease.

Vi khuan, Escherichia coli, 4800
genes The E. coli bacterium inhabits
your intestines. Researchers study it
to learn about basic cell functions, 7%
such as transcription and translation.
(Image: Fred Hossler, Visuals
Unlimited, Inc.)

Céc gen dwoc duy tri qua qua trinh tién héa clia sinh vat; tuy nhién ching c6
thé bi bién déi hodc dwoc 4y tr cac sinh vat khac. Cac vi khuan cé thé trao dbi voi
nhau cac plasmid khang thubc khang sinh, céc virut cé thé dinh gen ciia chang vao
vat chi. Mot sé gen clia dong vat cé vu cling ¢6 thé bj virut 14y di va sau do6 dinh vao
vat chu khac cta chang.

20



Nhuw vay, tit ca cac sinh vat déu cé nhitng gen cd xwa bt ngudn tir budi ban
dau khi loai ngudi cé cac gen chung véi cac sinh vat. Néu con ngudi cé nhiéu gen
chung v&i cac loai khac nhw vay thi cai gi tao nén sw khac biét & con nguwdi? Cai gi
da bién con ngudi thanh mét sinh linh phirc hop biét hoc, biét néi, biét nghi va cdm
nhan? Va cai gi da lam cho ngui ta khac biét nhau?

Chung ta ¢é nhiéu gen chung véi con chuét va con giun nhiéu hon ta twéng! Bat
chép ngoai hinh khéac biét, chiing ta c6 sb gen chung v&i cac loai khac mét cach dang
ngac nhién (xem bang trén). Mac du khéng phai cac gen nay c6 chung cac nucleotid
trong cung mét trinh tw s&p xép nhw nhau, nhung chirc ndng ctia ching cé d6 twong
dong da dé so sanh v&i nhau. Chac rang chung bat ngudn tir mét t6 tién chung séng
cach day khoang 3,5 ty ndm. Cac nha khoa hoc cho réng qua trinh tién héa hé gen t6
tién nay tré thanh co' s& cho méi loai ma ngay nay chung ta quan sat thay.

Chinh vi vay, thanh phan

Su tuong dong ve trinh tw ADN & gen beo phi clia nhiéu gen rat giéng nhau. Hinh
trén bang bén trai cung cap mot thi

e du v& gen béo phi obesity (ob) &
Dudi woi A )
e nhirng déng vat khac nhau, trinh tw
B:' cla chung rat gibng nhau. Buc
i tranh phia dwéi tham chi cho thay
Ché cac trinh tw gibng hét nhau &
Chust nhitng sinh vat rat khac nhau, twr
nam men dén con ngudi.
Hinh 21.

Cdc sinh vét chia sé cac gen twong tw béi vi chiing ¢6 nguén géc tir mét té tién chung.
Ngay ca con nguwdi va nam mem ciing cé cac gen twong tw nhau.

-
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Gido sw Michael & Phong thi nghiém Cold Sping Harbor
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Hinh 22.
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Cac gen c6 thé dwoc cat, ghép, stra dbi

Sw tién bo trong bat ky linh ve khoa hoc ndo déu phu thudc vao nhivng ky
thuat va phwong phap hién co, cé kha nang mé rong pham viva dat dé chinh xac cao
cla cac thi nghiém can thwc hién. Trong hon 50 ndm qua diéu d6 da duwoc minh
chirng mot cach hét strc ngoan muc lam ndi bat 1&n linh vue di truyén hoc phan t -
nong cbt clia Coéng nghé sinh hoc hién dai. Linh vwc nay phat trién hét strc nhanh
chéng dat t&i diém ma ngay nay trong rat nhiéu phong thi nghiém trén toan thé gioi
viéc nghién clu gen da tré thanh thuc té sbi suc hang ngay, bao gém tach chiét doan
ADN dac thu tir hé gen ciia mét sinh vat, xac dinh trinh ty cac bazo va danh gia chirc
nang cltia né. Diéu dac biét 4n twong 1a cdng nghé nay hét sirc dé dang s dung dbi
véi tirng ca nhan nha khoa hoc ma khéng can dén nhirng thiét bi qui mé ciing nhw
ngudn tai chinh I&n ngoai tm véi clia cac phong nghién ciru dwoc trang bi viva phai.

Mé&c du cé rat nhiéu ky thuat phirc tap va da dang lién quan, nhwng nguyén ly
co ban cla thao tac di truyén lai kha don gidn. Quan diém chung ma cac céng nghé
dwa vao la théng tin di truyén dwoc ma héa trong ADN va dwoc bb tri & dang céac
gen, 1a nguyén liéu ngudn cé thé duoc thao tac theo nhiéu cach khac nhau nham dat
t&i nhirng muc tiéu cu thé.

Sau day la nhirng phwong phap va céng nghé chi yéu dung hang ngay tai cac
phong thi nghiém di truyén hoc hién dai:

Tach chiét ADN. Budc dau tién can thuc hién dé cé dwogc ADN mong mudn
phu hop véi muc tiéu thi nghiém. Nguyén ly chung gibng nhau, tuy c6 khac biét nhé
& 3 loai dbi twong khac nhau: déng vat, thuc vat va cac té bao nhan so nhw vi khuén.

Cac phwong phap lai phan tir. Dya trén tinh chét bd tro gitva 2 soi
ADN mach kép hoéc gitra soi ADN va ARN c6 thé cé cac phwong phap Southern
blotting, Northern blotting va lai tai chd (including fluorescent in situ hybridization -
FISH). Cac ky thuat lai cho phép tach biét cac gen quan tam tr mét hén hop gébm
nhiéu doan ADN, ARN hoéc ca hai loai.

Stra d6i ADN bing enzym. Dua vao dic tinh hoat dong dac hiéu clia cac
enzym |&n ADN ngui ta cé thé c&t ADN tai nhirng diém mong muén (enzym giéi han),
sau do c6 thé ndi cac doan ADN lai véi nhau bang enzym ADN ligase, tao nén doan
ADN c6 thanh phan va ngudn gbc khac nhau, thuat ngtr chuyén mén goi 1a ADN tai té
hop. Ngoai ra, con nhiéu loai enzym khac cé dac thu hoat déng khac trén ADN nhw
phan hiy ADN tlr mét dau nhét dinh, hay ti gitra soi ADN ra ngoai - N6i chung, ngay
nay trong tay cac nha khoa hoc cé nhirng cdng cu phong phu dé tao ra cac doan ADN
mang nhirng chirc ndng can thiét cho cac nhu ciu da dang ctia con ngudi.
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Gan vao vector. D& chuyén ADN duoc tao ra bang cac phuong phép trén,
thwéng can gén ADN d6 vao cac cau tric ADN mach véong nhd goi la plasmid, cosmid
hay mét loai virut, twa nhw dwa hang 1én xe dé chuyén di. Sau dé nhan sb lwong cac
vector |&n dé s&n sang cho céc thi nghiém chuy&n gen dén ca thé vat chi thich hop. Do
vay ky thuat nay thuwdng goi la tach dong gen.

Tach dong gen dwoc sir dung trong céac linh vire sau: nhan dang gen dac hiéu, lap
ban db hé gen, san xuét céc protein tai td hop, va tao ra cac sinh vat chuyén gen (GMO).

Phan trng chudi trung hop (PCR). La ky thuat khdng thé thiéu trong céc phong
thi nghiém di truyén hoc hién dai. Ban chét ciia phwong phap 1a cho phép nhan 1&n hang
triéu 1an doan ADN quan tam chi trong vong hon mét gi déng hé. GS. James Watson,
ngudi cung Francis Crick tim ra c4u tric khéng gian chudi xoén kép ctia ADN da nhan
xét: “Ky thudt PCR da cach mang hdéa cong nghé sinh hoc”. Bac biét dbi véi cac nwéc
nghéo nhw nwéc ta, ky thuat nay da tao ra co' hdi ngan ndm cé mét dé rwot dudi céac
nwdc tién tién, do khéng can dau tw Ién ma van lam dwoc khoa hoc va céng nghé &
murc do cao.

Phuwong phap PCR do Kary Mullis phat minh vao gitra nhirng nam 1980, dwa trén
nhiing nguyén ly tdng hop ADN tw nhién trong té bao va gdbm céc budc sau: 1) Tach soi
ADN mach kép thanh 2 soi don bang nhiét d6 cao, d& mbi soi don co thé 1am khuén dé
tbng hop cac soi mai; 2) Gan 2 doan mdi (cac doan ADN ngén cé chiéu dai tir 18 - 30
nucleotid) vao 2 sgi ADN khuén & nhiét d6 thich hop; 3) T6ng hop 2 sgi ADN mai bat
dau tr vi tri 2 mdi trén da gan vao & mot nhiét dd khac. Cac bwéc nay dwoc I3p lai 20-40
lan va mot doan ADN méi ndm gitra 2 moéi dwoc tdng hop.

'ng dung ctia PCR

1. Chan doan bénh trong di truyén y hoc, vi sinh vat y hoc va y hoc phan t.

2. Binh typ HLA trong ghép tang.

3. Phan tich ADN trong vat liéu cé sinh.

4. Xac dinh d&c trung cé thé trong hinh sy va trong xét nghiém huyét thdng.

5. Chuan bi mau do cac axit nucleic.

6. Sang loc dong va xay dwng ban d6é.

7. Nghién cru da dang di truyén ctia céac loai.

Giai trinh tw ADN. M6t cong nghé cho phép giai trinh tw truc tiép cac doan ADN
thay vi cd géng tim ra trinh tw cac gen, trinh tu dot bién ADN va cac gen méi bang cac
phuong phap truyén thdng nhw phan tich RFLP, nhiém séc thé di chuyén hay tham chi
céc thi nghiém tai nap, tiép hop & vi khuan. Ngay nay giai trinh tw ADN d& dat dén giai
doan tw déng hda va dwoc str dung hang ngay trong nhiéu phong thi nghiém cho nhiéu
muc dich khac nhau.
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Ngoai di truyén (Epigenetics) Ia mét cach diéu khién
hoat ddng gen hiéu qua

Ngoai di truyén la linh vec nghién ciru nhivng thay déi di truyén trong biéu hién
gen ma khéng thay dbi trong trinh tw ADN. Cac nghién ctru da cho thay rang céc co
ché ngoai di truyén cung cip thém mét tang kiém soat phién ma cho phép diéu hoa
cach thirc ma gen biéu hién. Cac co ché nay la cac hop phan then chét trong sw
phét trién va sinh trwdng binh thuwéng cla té bao. Cac bat thuwdng ngoai di truyén da
phat hién thdy la nhitng nhan t6 gay ra ung thw, réi loan di truyén va cac héi chirng
nhi khoa. Chuing ciing cé thé la nhitng nhan t& gép phan vao cac bénh tw mién dich
va o hoa. Bai nay sé gidi thiéu nhirng nguyén ly co ban clia cac co ché ngoai di
truyén va sw gép phan cla chung cho strc khde con ngudi cling nhw nhirng hau qua
lam sang cla céac sai léch ngoai di truyén. Bai ciing sé& dé& cap viéc s& dung con
duwdng ngoai di truyén trong cac cach tiép can mai dbi véi chan doan va diéu tri cé
dinh hwéng théng qua phd Iam sang.

A

L% Acetyl hda

Methyl hda

Chromatin &

Nhiém séc thé

Gen "mg"
- Chrematin hoat déng (mé)
- Cytesin khéng bi methyl héa

(vdng trén trang)
- Histon bi acetyl héa

Gen "tat”

- Chromatin bt hoat (cé dic)

- Cytesin bi methyl hda
(wdng trén do)

- Histon bj Khir acetyl héa I

Khéng thé phién ma

Hinh 23.
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Linh vuc m&i nay sé& c6 anh hudng rong I&n dén y hoc, dac biét dbi vai viec
nghién ctu cac bién ddi di truyén trong chirc nang gen ma khong bién dbi trinh tw
ADN. Linh vuwc phat trién rat nhanh nay dang tao ra nhirtng co hdi méi hét sirc hap
dan cho chan doan va diéu tri cac rdi loan |am sang phtrc tap. Nguyén ly co ban cla
ngoai di truyén la hién twong methyl héa ADN va viéc stra déi histon.

(A) So' d6 sira déi ngoai di truyén Cac soi ADN cudn goi xung quanh
cac khéi bat phan histon, tao ra cac thé nhan (nucleosome), clu tric nay dwoc to
chirc thanh chromatin - don vj vat liéu cu thanh nhiém séc thé. Qua trinh stra doi
histon dac hiéu diém va thuan nghich dién ra tai nhiéu diém théng qua acetyl hoa,
methyl héa va phosphoryl héa. Methyl hda ADN xay ra tai vi tri 5 ctia cac gbc cytosin
trong mgt phan (rng dwgc xuc tac béi cac enzym ADN methyltransferases (DNMTSs).
DPéng thai, nhirtng stra ddi nay cung cap mét dau hiéu (signature) ngoai di truyén
riéng biét cé tac dung diéu hoa cau tric chromatin va biéu hién gen.

(B) So dé thay déi thuan nghich trong cAu tric chromatin anh huéng
dén biéu hién gen: cac gen dwoc biéu hién (bat) khi chromatin mé (hoat déng), va
chang bi bat hoat (d6ng) khi chromatin bi c6 d&c (cam). Trén hinh cac vong trang la
cac cytosin khdng bi methyl héa; cac vong dé la cac cytosin bi methyl hoa.

Hau qua lam sang cua cdc sai léch ngoai di truyén va cdc co’ ché diéu
hoa chju d4nh hwéng cia ADN qua subdt thoi gian séng clia con ngudi. Ngay 1ap tire
sau thu tinh, hé gen cla nguwoi bd nhanh chong bi demethyl héa ADN va stra dbi
histon. H& gen ctia me thi demethyl hoa tir tir, va tat nhién mét lan séng methyl hoa
m&i cla phdi dwoc khédi dau tao dwng mét ké hoach chi tiét cho cac mé cha phoi
dang phat trién. Két qua la méi té bao cé mét mau hinh ngoai di truyén cua riéng né
dwoc duy tri nghiém ngat dé diéu hoa sw biéu hién gen can thiét. Nhirtng dao déng
trong cac mau hinh dwoc bd tri chdt ché nay cla qua trinh methyl héa ADN va sira
ddi histon cé thé dan dén nhirng rdi loan bam sinh va nhirng hdi chirng thai nhi da hé
thédng hodc nhirtng con nguoi tiém an trang thai bénh tat nhw ung thw rai rac va cac
réi loan suy thoai than kinh.

Lao héa Ca viéc tang cwong hoac thuyén gidm trong qua trinh methyl hoa
ADN déu lién quan t&i qua trinh 130 héa. Cac bang chirng tich Iy cho dén nay cho
thdy nhirng thay déi methyl héa phu thudc tudi tham gia vao sw phat trién céc réi loan
than kinh, tinh tw mién dich va ung thw & nhitng ngudi gia. Nhitng bién ddi methyl
héa dién ra theo tudi c6 thé bao gbm viéc bat hoat cac gen lién quan ung thw. O’ mét
s mé murc dod cytosin bi methyl héa tédng cao trong cac té bao dang 130 héa va qua
trinh demethyl héa nay c6 thé kich thich tinh bat &n dinh ctia nhiém séc thé gay ra
nhirng tai cAu tric 1am tang nguy co ung thw. Trong cac mé khac nhw rudt, viéc tang
cao methyl hda cé thé la sw kién tiém &n méc ung thu rudt két khi tudi cao.

Ung thw va liéu phap ngoai di truyén Ung thw |a mdt qua trinh bao gébm
nhiéu budc ma & dé nhirng sai léch di truyén va ngoai di truyén tich Idy lai va
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chuyén mét té bao binh thwdng thanh té bao ung thw xam lan hodc di c&n. Cac mau
hinh methyl héa ADN bj bién dbi lam thay dbi sy biéu hién cta cac gen lién quan dén
ung thw. Qua trinh methyl héa ADN gidm sé& hoat héa cac gen ung thw va khéi dau
sy bat 6n dinh cla nhiém séac thé, trong khi quéa trinh tang methyl héa ADN lai khdi
dau cho sy cam lang céac gen (rc ché ung thw. Ty Ié mac phai hién twong tang siéu
methyl héa, dac biét trong ung thw r&i rac, dao ddéng tuy thudc gen lién quan va loai
ung thw ma & d6 sy cb xay ra.

Cho dén nay, cac liéu phap ngoai di truyén con it vé sb lvong nhwng mot sb
trong d6 dang dwoc nghién clu trong cac thlr nghiém 1am sang hodc da dwoc chap
nhan cho ap dung diéu tri nhitng kiéu ung thw dac thu. Mot sé chat déng dang nhw
azacitidin dwoc gén vao ADN dang sao chép, trc ché methyl héa va tai hoat héa céac
gen da bi cam trwéc d6. Azacitidin cé hiéu qua trong thtr nghiém lam sang pha | khi
diéu tri hoi chirng myelodysplast va bénh bach cau do siéu methyl héa gay ra. Cac
oligonucleotid déi nghia ciing cho nhitng két qua rat hira hen trong th&» nghiém lam
sang pha | dbi v&i ca khéi u ran va ung thu than. Twong tw, cac phan tlr nhd nhw axit
valproic cling dang dwoc sir dung dé l1am chét cac té bao ung thw. Sw phdi hop liéu
phap ngoai di truy&n vai liéu phap hoa hoc truyén théng cé thé dwa lai hiéu qua cao
hon vi chiing tai kich hoat cac gen cam trong d6 ¢ cac gen ¢ ché ung thw, ddng thoi
lam cho cac té bao nhon thube nhay cadm tré lai véi liéu phap chuan binh thuéng.

Con dwéng phia triée Kién thirc clia ching ta vé cac co ché ngoai di truyén
da tang 1én trong 20 ndm qua da bat dau chuyén héa thanh nhirng cach tiép can maoi
trong chan doan phan t&r va diéu tri nham dich thédng qua phd |am sang. Vé&i sy hoan
thanh Dy an hé gen ngwoi, Dy an ngoai hé gen nguwoi da dwoc dé xuét sé tao ra cac
ban d6 methyl hda cho ca hé gen. Bang cach nghién clru cd cac md khde va moé
bénh cac vung hé gen dac thu sé dwgc nhén dang, ching tham gia vao qua trinh
phat trién, vao s biéu hién d&c thu mé, vao tinh nhay cam v&i moi trwdng va vao sy
phéat sinh bénh. Viéc s&r dung cac ban dd ngoai di truyén nay sé& din dén céac liéu
phap ngoai di truyén diéu tri cac rdi loan phurc tap xuyén subt phd 1am sang.
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