Real-time PCR

Cac van dé co ban

Real-time PCR la gi?

Trong k¥ thuat PCR, sau khi hoan tat khuéch dai doan DNA dich, nguoi lam thi
nghiém phai tiép tuc 1am mot s6 budce thi nghiém dé doc két qua xac dinh c6 san phém
khuéch dai mong mudn trong dng phan tng hay khong, va giai doan nay goi 13 giai doan
thi nghiém sau PCR. Trong giai doan nay, nguoi 1am thi nghiém c6 thé thuc hién dién di
san pham PCR trén gel agarose dé xem c6 vach san pham khuéch dai dung kich thudc
mong mubn hay khong, cling co thé thuc hién thi nghiém lai vo1 cac doan do dac hi¢u
(trén mang, trén giéng hay phién nhua...) dé xem san pham khuéch dai c¢6 trinh ty mong
mudn hay khong. K¥ thuat PCR ma can phai co giai doan thi nghiém dé doc va phan tich
sau khi hoan tit phan tng khuéch dai, ngdy hom nay duogc goi 1a PCR ¢6 dién (classical

PCR).

Real-time PCR 13 ki thuat PCR ma két qua khuéch dai DNA dich hién thi duoc ngay
sau mdi chu ky nhiét cia phan tng, chinh vi vay nén dugc goi la real-time; va do dac
diém nay nén véi real-time PCR nguoi 1am thi nghiém khong can thiét phai 1am tiép cac
thi nghiém dé doc va phan tich két qua dé xac dinh c6 san pham khuéch dai dich hay
khong vi két qua cubi cung cua phan tmg khuéch dai ciing duoc hién thi ngay sau khi
hoan tit phan tng khuéch dai. Nhu vdy, nén c6 thé noi real-time PCR 13 k¥ thuat nhan
ban DNA dich trong 6ng nghiém thanh hang ty ban sao dua vao cac chu ky nhiét va két
qua khuéch dai trong 6ng phan tng duoc hién thi cung lac voi phan tmg khuéch dai xay

ra dé ngudi 1am thi nghiém co thé thdy duoc.

Cac van dé k¥ thuit co ban cin biét ciia real-time PCR

1.  Biéu dé khuéch dai ciia real-time PCR

Trong real-time PCR, hién thi co ban dé nguoi lam thi nghiém co thé quan sat
dugc trong qua trinh nhan ban DNA cuta cac éng phan tmg 13 mot biéu dd khuéch dai
(amplification graph). Biéu d6 nay c6 truc tung (Y) 1a cudng d6 huynh quang phat ra tir
cac Ong phan Gng khi nhan 4nh sang kich thich, con truc hoanh (X) 1a cac chu ky nhiét.

Trén biéu d6 khuéch dai nay (biéu dé 1), ngudi lam thi nghiém s& thay ddi voi timg
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6ng phan tng, cudng d6 huynh quang ma may ghi nhan dugc trong nhimg chu ky dau
s& rat thip va hau nhu khong thay d6i, hién thi bang mot duong thang nam ngang,
chung ta c6 thé goi ddy 13 “giai doan u” hay “giai doan tiém phuc”, vi trong giai doan
nay du DNA dich di c6 thé dugc nhan ban thanh cac ban sao nhung do s luong chua
du dé gitp cho chit phat huynh quang nhan dugc anh sang kich thich phat ra anh sang
huynh quang du cuong d6 dé may ghi nhan. Nhung mét khi s6 luong ban sao ciia DNA
dich dat dén mot ngudng nhat dinh thi 4nh sang huynh quang phat ra s& du cudng do
dé duoc may ghi nhan va lac nay chung ta s& thdy duong biéu dién khuéch dai bit dau
ngoc 1én. Cudng d6 huynh quang trong éng phan tng tir luc nay trd di s& ting gap doi
sau mdi chu ky nhiét do sé luong ban sao ctia DNA dich ting gip doi sau mdi chu ky.
Chung ta goi giai doan nay 1a “giai doan liy thira” vé cudng d6 huynh quang, khong
phai 1a giai doan ting trudng lity thira vé& s6 lugng ban sao cua DNA dich. Cuong do
huynh quang trong 6ng phan Umg s& ting truong dén mot mic ndo d6 thi do ting
truéng s& cham dan va dat dén binh nguyén vi cic ban sao cia DNA dich, do phan tmg
dd can dan dNTP va enzyme Tag polymerase khong hoat dong hiéu qua nita, nén s&
khong con gia ting sd luong theo cdp sb 2 nita. Chiing ta goi giai doan nay 13 “giai

doan binh nguyén”.

Phén tich mdt dudng biéu dién khuéch dai (amplification curve) cia mot ng phan
mg sau khi hoan tit dugc cac chu ky nhiét, chung ta s& thdy mot thong sb hét stiic quan
trong luén di kém véi no, do 1a chu ky ngudng (Ct, threshold cycle). Chu ky ngudng
hay Ct la chu ky nhiét ma & tai thoi diém nay thiét bj real-time ghi nhan dugc tin hi¢u
huynh quang phat ra tir 5ng phan tng bat ddu vuot qua cudng d6 huynh quang nén. Bé
c6 thé xac dinh dugc cudng do huynh quang nén, thiét bi real-time thuong ghi nhin
cuong do tin hiéu huynh quang xuét hién trong dng phan tmg trong mot s6 chu ky dau,
chung ta goi 1a cac chu ky nén (basal cycle), va 1iy trung binh cong cta cac cuong do
huynh quang nay lam cuong d6 huynh quang nén. Pudng cit ngang di qua cudng do
huynh quang nén nay duogc goi 1a duong nén (base line). Chu ky ngudng 1a tri s6 duoc
xac dinh bang s6 chu ky ma & d6 dudng nén cit dugc duong bién dién khuéch dai. Do
dugc tinh toan nhu vy nén chu ky ngudng thudng 1a mot s 1é (vi du: Ct = 28.35) chtr

it khi 1a mot so chan.
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Biéu dé 1: Biéu d6 mét dudng biéu dién khuéch dai ghi nhan cudng d6 huynh quang phat ra tir éng phén tng khi
nhan dwgc anh sanh kich thich vao moi chu ky nhiét

C6 nhitng 6ng phan tmg c6 Ct sdm va ciing c6 nhitng éng phan tmg c6 Ct xuit hién
mudn hon, va cau héi dugc dit ra 1a Iy do nao da lam dugc nhu vay? Cau trd 161 chinh
xac 1a do s6 lugng ban DNA dich ban dau (starting quantity, Sq) c6 trong dng phan g
nhiéu hay it. Néu trong 6ng phan tmg s6 lugng DNA dich nhiéu thi s& can it chu ky nhiét
hon dé dat dén s6 luong ban sao du dé dng phan tmg cho duoc tin hiéu huynh quang ma

may s€ ghi nhan dugc, con néu sb lugng DNA dich it hon thi can nhiéu chu ky nhiét hon.

2. Biéu dbd chuin ciia real-time PCR

Nhu di néi Ct ciia mot 6ng phan ng real-time PCR sém hay muon (Ct thip hay
Ct cao) 1a tuy thudc vao sb luong ban DNA dich ban dau c6 trong dng phan tng. Day
chinh 1a mot dic diém vuot troi cla real-time PCR so v&i PCR ¢b dién, vi nhé dua vao
dic diém nay ma ngudi 1am thi nghiém xéac dinh duoc sé copies cua tic nhan dich c6
trong mau thtr, mot thong s6 ma PCR ¢ dién khong thé nao lam dé c6 duge két qua
chinh x4c. Ngudi 1am thi nghiém chi doc két qua PCR c¢b dién sau khi hoan tit phan

ung khuéch dai, va két qua nay néu dinh lugng dugc thi cling chi 1a két qua dinh lugng
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Bidu dé 2: Biéu db khuéch dai vé 1&n cac duong bidu didn khuéch dai

cla cac mau thtr va cac mau chuén

6ng phan ung PCR 1a ) lugng cuc dai sau khi PCR dat dugc giai doan binh nguyén.

Tuy nhién dé real-time PCR xac dinh dugc chinh xac sd lugng ban dich ban dau

c6 trong mau thir, ngudi lam thi nghiém phai thuc hién real-time PCR cac mau thu

chtra céc s0 lugng ban DNA dich ban dau can xac dinh s6 lugng cung lic véi cac mau

chuén chtra s6 lugng DNA dich ban dau di biét rd sé luong, va thudng thi cac mau

chuén 13 cdc mAu pha lodng theo hé sé pha lodng 10 chtra s6 lugng DNA dich ban dau.

Sau khi hoan tit cac chu ky nhiét cua real-time PCR, trén biéu d6 khuéch dai (biéu do

2), cac mau chuan va cac mau thur s€ c6 cac duong biéu dién khuéch dai cuia n6 va

tuong tmg v6i cac dudng biéu dién
khuéch dai nay, cdac miu chuan va
mau thir déu c6 mot chu ky ngudng
(Ct).

Puong biéu dién v& 1én mbi
quan hé giita chu ky ngudng voi sb
luong ban DNA dich ban dau c6
trong cac mau chuin duoc goi la
duong biéu dién chuan (standard
curve). Pay 1a mot duong thing
tuyén tinh di qua cac diém toa do
xac dinh boi s6 lugng ban DNA

dich ban dau cua ting mau chuan
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Biéu d6 3: Biéu dd chuan vé I&n dwdng biéu dién chuan vé méi
quan hé gitra sé lwong ban DNA dich c6 trong cac
mau chuan va chu ky ngwdng twong ¢ng. Trong
bidu d& & trén nay, ching ta E2-E4-E7 la cac 6ng
phan &ng cht*a cac mau chuan con B4 1a éng phan
trng chira mau thar.
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(trén truc tung) va chu ky ngudng ctia dng phan tmg chira s6 luong ban DNA dich nay
(biéu db 3). Trén biéu do chuin nay, truc tung (Y) 1a Ct con tryc hoanh (X) 1a sé luong
ban DNA dich ban dau c6 trong cac mau chuan. Do cdc mau chuan thudng dugc pha
cach nhau theo hé sb pha lodng 10, nén s luong ban DNA dich trong cdc miu chuan
duoc biéu thi béng logarith co s6 10 (logyp) cua ) lugng nay. Do vay tri 1.5, 2, 2.5, 3,
3.5, 4, 4.5 trén tryc X 1a tuong trng véi cac ) lugng ban dich la 10'°, 107, 10*°, 10°,
10>, 10*, 10™ tac 1a 32, 100, 316, 1000, 3162, 10000, 31623 copies trong dng phan
ung.

C6 hai thong s6 duoc may tinh toan va hién thi trén mot duong biéu dién chuin.
Hai thong s6 nay réat co gia tri d& nguoi 1am thir nghiém c6 thé danh gia duoc thao tac

pipetting ciia minh trong qué trinh lam thtr nghiém.

Thong s6 dau tién 1a hé s6 twong quan R’, danh gia do chinh xic cia thao tac

pipetting 1dy c6 dung thé tich mong mudn hay khong. Tri s6 R* phai dat 1a trén hay
bang (=) 0.99 c6 nghia 1a dudng biéu dién chuin phai dat tuyén tinh cao. Khi ngudi
lam thir nghiém khong 1dy duoc cac thé tich chinh xac thi chac chan cac thé tich mau
chuén cho vao real-time PCR mix s& khong thé nao chinh x4c duge, nén R? chic chan
s& khong thé nao dat > 0.99.

Mot tri s& nira rat cé gid tri ma nguoi lam thir nghiém phai biét rd d6 13 hiéu qud
PCR, dugc goi 1a E% (PCR efficiency). Mot khi PCR dat hiéu qua 1y tudng, thi cir sau
mdi chu ky nhiét cudng d6 huynh quang trong mot dng phan tmg phai ting gip doi,
con néu & hai 6ng phan Umg co ) lugng ban DNA dich ban dau cach nhau mot hé sb
pha lodng A, thi hai dudong biéu dién khuéch dai s& cach nhau n chu ky véi cudong do
huynh quang ctia hai dng phan tng ciing s& cach nhau mot hé sb pha lodng A =2". Nhu
vay, néu do pha lodng 1 10 1an thi Ct ctia cac do pha lodng DNA dich ctia mau chudn
lién tiép nhau s& cach nhau 1a 3.32 chu ky (tinh toan tir cong thiic trén véi A = 10, s&
tinh dwoc n = 3.32 chu ky). Trong biéu d6 chuén v6i cac mau chuan cach nhau qua do

-1/sl 7
slope véi

pha lodng hé s6 10 thi hiéu qua khuéch dai E duoc tinh 1a bang cong thirc 10
slope chinh 1a do ddc cua duong biéu dién chuan. Mot cach 1y tudng, hiéu qua khuéch
dai E cua PCR phai dat dugc 1a 2 nghia la ) lugng ban sao nhan ban tir bAn DNA dich
phai ting gip d6i sau mdi chu ky nhiét trong giai doan ting truong liy thira, tic 13 2 =

1075%°P Ty cong thirc ndy, chung ta s& tinh ra duge dudng biéu dién chuin 1y twéng
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phai c6 do dbc (slope) 1a -3.32. Nhu viy, ching ta thidy do doc chinh 13 sy cach biét
nhau vé chu ky ngudng giita cac 6ng chuan co sé luong giam dan theo hé sd pha lodng
10. Hiéu qua khuéch dai cling c6 thé tinh bang phan trim (%) v6i cong thirc tinh tir E
1a: E% = (E-1) x 100%. V6i E dat 1y tuong 1a 2 thi E% = 100 %. D6i v6i bat cir mot
dudng biéu dién chudn nao, déu c6 thé tinh duoc hiéu qua khuéch dai E % = (107
— 1) x 100 %. Do vay néu d6 dbc ciia mot dudng biéu dién chuan 1a -3.436 thi E sé 1a
1012439 = 1 954, vay thi hiéu qua % cua khuéch dai (hiéu qua PCR) sé& la: E % =
(1.954 — 1) x 100% = 95.4 %, c6 nghia 1a trong giai doan ting trudng lily thira sé luong
ban sao sau mdi chu ky nhiét s& dugc nhan 1én 1.954 1an hay hiéu qua PCR 13 95.4 %.
Di nhién hiéu qua PCR 1y tuéng 1a 100 %, nhung trong thuc té thi hiéu qua PCR chap
nhan dugc phai trong khoang 90 % - 105 %. Nguoi lam thi nghiém phai biét dung hiéu
qua PCR hién thi trong biéu d6 chuan dé danh gia thao tac pipetting dé pha lodng mau
ciia minh. Sai 1dm dau tién c6 thé gip trong thao tac pha lodng miu 13 mang luong
DNA dich tir miu ndng do cao xubéng mau c6 ndng d6 thip hon, ma thuong 1a do
khong thay dau pipette sau khi mang thé tich tir nong do cao xudng ndng d6 thap, vi
vay ma sé luong ban DNA dich c6 trong cac mau chuin dugc pha lodng s& nhiéu hon
tinh toan. Vi du néu thao tac pha lodng chinh xac, thi tir 10.000 copies xudng 1.000
copies rdi 100 copies sé& chinh x4c nhu vay; nhung néu khong thay dau pipette sau moi
lan hit mau va luong ban dich mang theo ¢ dau pipette 1a 40% thi ching ta s& co cac
sd luong sé& 13 10.000 copies xudng 4.000 copies 10i 1.600 copies. Vi vay nén hiéu qua
PCR duoc tinh toan bang gia tri E s& khong dat duoc 1y tuong 90 % dén 105 % ma s&
cao hon 105 %. Ly do 13 chu ky ngudng ctia cdc mau chudn s& bi gan nhau hon lam
cho d6 dbc cua duong biéu dién chuin thap di. Nguoc lai néu thao tac pha lodng ma
khong cho du thé tich mau chuin hut tir mau c6 sé lugng DNA chuan cao dé pha miu
chuén luong thap hon (sai 1am nay c6 thé gip khi dung cac dau pipette bi dinh dung
dich trén thanh nén khong day duoc hét luong miu tir dau pipette xudng mau ké), va
chinh nhu vdy nén chu ky ngudng ctia cic miu chuan lién tiép nhau s& cach xa nhau
lam cho d6 dbc cua dudng biéu dién chuin thap di, va hiéu qua PCR s& dudi 95 %.
Hiéu qua PCR ciing 12 mot théng sd rat c6 gia tri dé nha nghién ctru tdi wu duoc ki
thuat real-time PCR ma minh. Néu hiéu qua PCR thap thi nguyén do c6 thé 1a thiét ké

moi chua dat do nhay, do tach chiét DNA dich con céac uc ché ngan can phan Ung

39



khuéch dai. Néu hiéu qua PCR cao thi nguyén do lai c6 thé 1a do su bét cip khong dic

hi¢u ctia moi hay cua doan do.

Nhu viy, viéc thiét 1ap biéu d6 chuén 13 rat can thiét khi 1am real-time PCR chan
doéan, dic biét khi dé xac dinh chinh xac sb lugng tdc nhan dich ban dau co trong mau
thir. Biéu do chuan cé cong dung trude tién 1a danh gid dugc thao tic pipetting cia
ngudi 1am thir nghiém c6 dat khong. Pay 1a mot viée 1a hét st quan trong vi néu thao
tac pipetting ma khong chinh xac thi s& khong thé nao c6 dugc két qua dinh luong

chinh xé&c dugc. Do vay sé that 1a sai lam va thiéu hiéu biét néu nha san xuat bd thudc

thtr real-time PCR danh dé dinh lugng tdc nhan dich lai cung cdp san cdc PCR mix ¢d

cho trudc cac luong chudn cua DNA dich, goi la cac bo chuan, ma khong dé cho nguoi

lam thi nghiém tu pha lodng cic mau chuan dé cho vao real-time PCR mix.

Sau khi da danh gia dugc thao tac pipetting ciia nguoi lam thir nghiém la dat,
ngudi 1am thir nghiém s& sir dung céng dung thir hai cta biéu dd chuan, d6 1a xac dinh
duoc s lugng tac nhan dich ban dau c6 trong mau thir. Gia tri nay dugc tinh todn nho
vao ham s biéu thi mbi twong quan giita chu ky ngudng (Y = Ct) véi log, cua sb
luong ban DNA dich ban dau c6 trong dng phan tng (X = logy Sq). Ham s6 d6 1a: Y =
[slope (X)] + intercept, va cac thong sb slope va intercept déu hién thi trén biéu d6
chuan. Tir ham s6 ndy, ngudi lam thi nghiém s& hiéu dugc tai sao mdy tinh hién thi

duge Sq, d6 1a nho tinh toan tir Sq = 10[(Ct ~ mereept/slope] “pyy

Sq nay, ngudi lam thi
nghiém s& tinh duogc s luong tac nhan dich ban dau ¢ trong miu thir dwa vao hiéu qua
tach chiét nucleic acid dich tir mau thir va cac pha loing néu cé trong qua trinh tach
chiét cung nhu thyc hién real-time PCR. Vi du: khi st dung cac bd thude thu phat hién
va dinh luong HCV do coéng ty Nam Khoa san xuat thi s6 copies HCV ¢6 trong 1 ml
huyét thanh thir nghiém s& bang N x 71 v&i N 1a sb copies dinh luong duoc trong dng
phan tmg, hay khi khi str dung cac b thude thir phat hién va dinh luong HBV do cong
ty Nam Khoa san xuit thi s6 copies HBV ¢6 trong 1 ml huyét thanh thir nghiém s&
bang N x 50 voi N 13 sé copies dinh luong duoc trong éng phan tmg (xem phu luc dé

biét cach tinh toan dé co6 cac hé so nay).
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May real-time PCR

Diéu kién dau tién dé c6 thé thuc hién duoc real-time PCR 1a phai c6 may real-time
PCR. M4y nay ciing c6 mot budng 0 nhiét chay dugc chuong trinh ludn nhiét nhu may
PCR binh thuong, nhung c6 thém mdt thiét bi duogc goi la thiét bi real-time. bay 1a mot
thiét bi quang hoc c6 hai chirc ning: (1) C6 cac ngudn sang phat ra duoc cac tia sang
kich thich (excitation light) c6 budc song xac dinh 1én céc tube phdn Ung real-time PCR;
(2) C6 dugc camera hay cam bién quang ghi nhan duoc anh sang huynh quang phat ra
(emission light) tir cac tube phan tng real-time PCR khi cdc tube phan Ung nay duogc

chiéu cac tia sang kich thich.

Tuy theo hing va model san xuat ma c6 nhiéu kiéu thiét bi real-time khac nhau. Cac
kiéu thiét bi nay khac nhau vé cach phat ra ngudn sang kich thich va cach ghi nhan duoc

anh sang huynh quang duoc phat ra tir cac tube phan tmg. Toém tit co cac kiéu sau day:

1. S dung nguén sang kich thich la den tungstene va dung cac kinh loc dé chiéu

nguén sang co do dai song nhit dinh lén toan bé cdc giéng chira tube phdan wng

Hinh 20 minh hoa so dd

Dia mang va thay déi vi tri
cac kinh loc anh sang
huynh quang dén CCD
camera

mot thiét bi real-time dung

\
\ \ A ’ B .
den tungstene lam ngudn sang Guong phén chiéu ngudn séng

kich thich nhwng cho phép anh
sang huynh quang phat ra di qua

kich thich. Ngudn sang nay di

Cac kinh loc anh sang

qua mét kinh IOC mau dIIO'C Duong di clia anh sang hugnh quang phat ra

ngudi st dung chon (bing

chuong trinh diéu khién d€  nguenann sang kion

thich la dén Tungsten
xoay dia chon kinh loc mau Géc kinh loc ngudr
anh sang kich thich
thich hop dén dung vi tri) chi ung 0 et
. ., ; , . clia may PCR
cho mot loai 4nh sdng c6 do

Dia mang va thay déi vi tri
cac kinh loc ngudn sang

dai song thich hop di qua. kich thich

Anh sang kich thich c6 @6 dai  Hinh 20: Minh hoa so dd moét thiét bj real-time dung dén tungsten lam
’ nguon sang kich thich va CCD camera ghi nhan toan b tin
song chon loc nay duogc hiéu huynh quang ctia cac tube phan tng bi chiéu sang béi

nguon sang kich thich
guong dichroic phan chiéu
xubng budng 1 nhiét c6 cac tube phan Gmg. Trong tube phan tmg c6 chira mot loai hoa

chit c6 kha nang phat huynh quang, néu ¢6 su hién dién cua soi doi DNA duogc khuéch
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dai tir DNA dich va bi chiéu sang boi anh sang kich thich c6 do dai séng thich hop.
Anh sang huynh quang phat ra tir tube phan mg s& di qua guong dichroic, qua kinh loc
mau huynh quang dé duoc ghi nhan bd1 mdt CCD camrea. CCD camera nay s€ chup
hinh nguyén budng ¢ nhiét cia may PCR dé ghi nhan tin hiéu va cuong d6 huynh
quang duoc phét ra tir cac tube phan tmg qua mdi chu ky nhiét va dua vé bo vi xir Iy
clia may vi tinh r0i hién thi real-time 1én man hinh bang biéu d6 dé ngudi lam thi
nghiém thiy duoc cuong do cua tin hiéu huynh quang phat ra tir mdi giéng phan tng
qua cac chu ky nhiét. Thiét bi real-time kiéu nay c6 thé thay duogc trong cac may real-

time PCR thé hé IQ (vi du IQ, MylQ, IQ5) ctia hing Biorad.

2. Thiét bi real-time dung soi guang hoc (fiber optic cables) dé dwa nguo“n sang

kich thich dén cdc tube phén ting

Trong thiét bi ndy, ngudn sang kich thich c¢6 thé 1a dén laser, hay dén tungstene,
duoc cac sgi quang hoc dan truc tiép dén céc tube phan ng, va céac s¢i quang hoc hoc
déng  thoi

~ \ N
Cung lam Nguon sang laser Budng 4 nhiét

hay tungstene f
* A 4 W
A A oy . L LT T PR L |[—— Fiber optic cable

luon nhiém N/ F Y
£ | c ke %

vl i + AN % | '
Fiber optic cable ".' |

i

vu dan anh

Sél’lg hu}‘lnh < Théu kinh nhd
. % Tube phan 0
quang phat ‘ .__. [l Tubephan tng
ra dén CCD S Budng 4 nhiét
.
camera. il
Thiét bi real- Hinh 21: Minh hoa mét thiét bj real-time dung soi quang hoc dé dwa anh sang kich thich

) . dén tube phan trng
time kiéu

nay co6 thé dugc thay trong cac mdy realtime PCR cua hing ABI, nhu cic mdy real-

time ABI 7000 hay ABI 7.500 (hinh 21).

3. Thiét bi real-time dung dén led lam nguon sang kich thich

Trong thiét bi ndy, ngudn sang kich thich dugc sir dung 1a cac dén LED duoc gin
trén mot gid va gia ndy di chuyén sat trén budng U nhiét (hinh 22) dé chiéu anh sanh
kich thich 1én cac tube phan ing va nhan anh sang huynh quang phat ra (may real-time
PCR model CFX 96 cua Biorad), hay la duogc ¢ dinh tai mét vi tri trong buéng U nhiét
va cac tube phan tmg dugc di chuyén dén vi tri ndy nho cac tube phan tng dugc gin

42



trén mot gia xoay tron (may ludn nhiét

Ligh-cycler cua Roche hay Rotor Gene

ctia Corbett Research). Loi diém cua thiét

bi real-time nay 1a doi séng cua dén LED Pen LED
Loc buse séng

co thé kéo dai rat lau, c6 thé dén hang o

chuc ngan gio.

Héa chit va thudce thir cho real-time PCR Cam bién quang

, Guong dichroic
Chia khoa k¥ thudt chinh cua hoa chat va

Tube phan trng

thudc thir c6 trong tube phan tmg real-time

Budng U nhiét

PCR chinh 14 chit huynh quang dugc thém

vao PCR mix. Chat huynh quang nay phai ) )
Hinh 22: Hé thong 6 dén LED cung v&i 6 cam bién

lam thé nao dé tube phan tng c6 thé phat quang duoc gén trén mdt gia va duoc di
chuyén sat trén buong G nhiét cé trong thiét
dugc huynh quang khi bi chi€éu boi nguon bi Real-time PCR cla may real-time PCR

CFX 96 cla Biorad
sang kich thich mdt khi trong tube phan ing

nay c6 su hién dién san phém khuéch dai cua PCR tir DNA dich, va s& khong thé phat
dugc huynh quang néu khong c6 san pham khuéch dai trong 6ng. Cho dén nay, cic nha
khoa hoc di tim ra dugc nhiéu chat huynh quang nhu vay. Trong pham vi ndi dung cua

bai ndy, chung t6i chi xin trinh bay mét s6 chat huynh quang thuong duoc sir dung nht.

1. Chit phat huynh guang la mot loai mau huynh guang chén vao soi doi DNA

Mau huynh quang chén vao sgi d61 DNA 1a mét loai mau huynh quang c6 ai luc
rat cao khi ¢6 su hién dién cua soi doi DNA va &i luc nay la do kha nang chen cua mau
vao gitra sg1 d61 DNA va lam cho sgi d61 DNA phat dugc anh sang huynh quang khi

nhan duoc ngué)n sang kich thich.

Neouyén tic kv thudt real-time PCR ding mau huynh quang chén

Nguyén tic cta k¥ thuat nay 1a khi khong co su hién dién san pham khuéch dai
ciia PCR, chat huynh quang bi phan tan trong dung dich PCR mix, do viy ma tube
phan tng s& khong bi phat huynh quang hay chi phat huynh quang khong dang ké khi
bi chiéu boi ngudn sang kich thich. Nhung khi ¢6 su hién dién san phdm khuéch dai
cua PCR thi mau huynh quang s& bi chén vao va tap trung trén cac sgi do1 DNA cua

san pham khuéch dai va s& 1am cho tube phan tng bj phat huynh quang khi bi chiéu boi
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nguodn sang kich thich. Giong nhu trén phi co nhin xuéng mat bién vao ban dém ma

trén mat bi€n co rai rac cac thuyén con sang den. Néu céac thuyén con nay cach xa nhau

thi chiing ta s& thdy mit bién tdi den, nhung néu chiing tap trung lai v6i nhau thi ching

ta s& thdy trén mat bién c6 nhing ving sang do tip trung anh sang tir cac thuyeén.

Khéi thay ethidium bromide duoc sitr dung cho nguyén tic real-time PCR nay,

nhung sau ndy cac nha khoa hoc sir dung SYBR I vi cic vu diém vuot tréi hon nhu

mau huynh quang nén rat thap, kha nang chen vao sgi doi cao nhung khong lam cho

soi d6i bi gin chit vao nhau khi bi bién tinh nhd vy ma anh hudng it 1én hiéu qua

PCR. Hinh 23 minh hoa nguyén tic hoat dong cta real-time PCR ding mau chén 1a

SYBR I 1am chat phat huynh quang. Phd quang ctia SYBR 1a: A = 488 cho ngudn sang

kich thich va A = 522 cho huynh quang phat ra.

Thiét ké méi cho real-time PCR ding mau huynh quang chén

Thiét k& moi cho real-time PCR ding
mau huynh quang cheén ciing theo cac qui
luat thiét ké mdi chung cho PCR, d6 1a: (1)
tranh hién twong chén toc & dau 5° hay 3’;
(2) tranh bat cdp gitta primer véi nhau hay
cung primer véi nhau, nhét 1a ngay & dau
3’; (3) Tranh bat cip khong dic hiéu trén
trinh tu dich; (4) thanh phan GC trong
khoang 40-60%; (5) Trong trinh tu moi,
tranh lip lién tiép trén 3 base G hay C; (6)
Nén thiét ké dé dau 3’ c6 base 1a G hay C
dé tranh san pham khuéch dai khong dic
hiéu; (7) Nén thiét k& dé nhiét do bét cip
t6i hao 1a tir 55°C dén 65°C dé khong bi
khuéch dai khong dic hiéu vi nhiét do bat

cap qua thap. Ngoai ra, doi voi real-time

Ngudn sang Anh sang
kich thich haynh quang
L 1 L1

77 //
A\
L1 W
\</ 7/
(1) 2 %

N

Hinh 23;: Co ché hoat dong cua SYBR | (1) Khi
chwa c6 san phdm khuéch dai thi 6ng thiy
nghiém khéng phat dwgc huynh quang khi
nhéan dwoc anh sang kich thich, (2)
Nhwng khi c6 hién dién cGa san pham
khuéch dai thi SYBR | chén vao va tap
trung trén phan t& DNA , Iam cho éng
phan (rng bi phat huynh quang khi nhan
dwoc anh sang kich thich

PCR thi Iyu ¥ thém mot yéu té k¥ thuat nira, d6 1a san pham khuéch dai: nén thiét ké

mdi dé c6 san pham khuéch dai tir 75 d¢én 200 bps. Khong nén it hon 75 bps vi nhu vay

s€ kho phan bi¢t dugc san pham khuéch dai dac hi¢u voi sdn pham khuéch dai cua
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dimer-primer (xem phan phan tich melt curve), khong nén dai qua 200 bps vi nhu vdy
s& kho dat duoc hiéu qua PCR 1y tudng va nhu vy thi biéu do chuan s& khong dat dé
c6 thé cho duoc két qua dinh luong chinh xac (xem phan biéu d6 chuin cia real-time

PCR).

Cach pha real-time PCR mix sw dung mau huynh quang chen la SYBR I

Dé thyc hién duogc ky thuat real-time PCR st dung SYBR I lam chét phat huynh
quang thi ngudi lam thi nghiém phai pha PCR mix trong d6 c6 thém SYBR I v6i nong
d6 1X (pha tir stock 10.000X), ndng d6 MgCl, dén 3mM, va thém mét it DMSO,
BSA... Ngoai ra, tuy thudgc vao thiét bi real-time PCR ¢ d6i hoi PCR mix phai thém
mau huynh quanh nén hay khong dé thiét bi nhan dién duogc vi tri va xac dinh duogc gia
tri ngudng huynh quang ban dau cua timg giéng thir nghiém, ma nguoi lam thi nghiém
¢6 cho thém chét huynh quang nén vao PCR mix hay khong. Vi du v&i cac may real-
time thé hé IQ cua Biorad thi huynh quang nén cho vao PCR mix 1a fluorescent, con
v6i cac may ABI 7000 thi huynh quang nén 1a ROX. Dé c6 thé thuc hién pha real-time
PCR mix mot cach don gian ma lai hoat dong mdt cach hi€u qua, ngudi lam thi nghiém
c6 thé pha tir real-time PCR master mix do cdc hing san xuat c6 uy tin cung cap c6
chira sin SYBR I, enzyme Tag polymerase, dANTP va MgCl,. V&i PCR master mix goi
1a SYBR PCR master mix nay, nguoi lam thi nghiém chi cho thém moéi, ndng do 10-25
pm cho mét thé tich phan tmg, va néu can thi cho thém dUTP va UNG dé chéng ngoai
nhiém, 13 c6 dugc real-time PCR mix dé thuc hién real-time PCR. Bding 4 dudi day

Bang 4. Cach pha SYBR PCR master mix tw NKSYBR PCR master mix 2X dé sau do phan thanh 100 mix v&i thé
tich phan (rng 1a 25 pl va thé tich mau cho vao PCR mix 1a 5 pl.

STT Thanh phan géc Nbéng dé hay Nbéng dé hay ham luvong Nbéng dé hay ham luvong Thé tich phai lay
ham lwong gbc trong 1 thé tich ptr trong 100 thé tich phan ('ng  d& pha master mix
1 “SYBR PCR master mix 2X* 2X 1X 1X 1250l
5  MObi xudi 100pm/ul 10pm 1000pm 10pl
6 Mainguoc 100pm/ul 10pm 1000pm 10pl
7 dUTP 100mM 200uM 200uM Sul**
8 UNG 1U/ul 1U 100U 100pl
9 Nuwdec khir ion Cho du (gsp) 20ul Cho du (gsp) 2000ul 625ul

*NK

SYBR PCR master mix 2X dwoc cung cép cé sdn MgCl, 6 mM. **Buoc tinh toan theo céng thirc CV = C'V’, véi C 1a ndng dd géc,
V la thé tich gbc can phai lay, C' Ia ndng d6 can phai pha, va V' la tong thé tich phan &ng (trong vi du nay la 2500 ul, tong thé tich
ctia 100 phan (rng, moi phan tng 25 pl).
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trinh bay cach pha mét SYBR PCR master mix cho 100 mix tir "“SYBR PCR master

mix 2X do c6ng ty Nam Khoa san xuat.

Chuong trinh luan nhiét real-time PCR dung SYBR I la mau chén

Vi real-time PCR str dung SYBR I lam chét phat huynh quang; thiét bi real-time
s& ghi nhan duogc su phat huynh quang t6i da tir dng phan tng, khi nhan anh sang kich
thich, 13 & cudi giai doan nhi¢t do kéo dai cuia chu ky PCR. Do vay mdt chuong trinh
luan nhiét cho real-time PCR str dung SYBR c6 thé 1a: 1 chu ky: 40°C/10° (néu trong
PCR mix ¢6 dUTP va UNG), 1 chu ky: 95°C/5° (néu dung hot-start Taq polymerase');
35-40 chu ky, 1a chu ky luan nhiét cho PCR gém 3 giai doan nhiét do: 94°C/15-30”,
55°C - 65°C/30-60”, 72°C/30-60". Trong cac chu ky luan nhiét PCR nay, chon 1énh dé
thiét bi real-time phét ra ngudn sang kich thich va ghi nhan 4nh sang huynh quang phat
ra tir 6ng phan (mg trong giai doan nhiét do bat cip 55°C - 65°C, may s& tu dong thuc
hién hai chtrc ndng quang hoc quan trong nay & giai doan cudi cta budc nhiét do bat

cap.

Chuong trinh phan tich nhiét do chay

Vi SYBR I 13 mau chén cho bét ¢t sgi d6i DNA nao xuat hién trong éng phan tmg

sau cac chu ky nhiét ké ca cac soi do6i DNA khong

phai khuéch dai ddc hi¢u tir DNA dich, do vay sw xuat _%_5 -
hién dudng biéu didn khuéch dai trong éng phan mg °

s€ khong dac hiéu 100 % cho su c6 mat cua san phém 3 |
khuéch dai dic hidu tir DNA dich. Nhu vay thi trong 5—%—5 2
6ng phan tmg, san pham khuéch dai nao thudng co thé l

xuat hién ma khong phai 1a san pham khuéch dai tir

10 DA , o, 2 A <N
DNA dich? D6 chinh 1a cac san pham khuéch dai tu Hinh 24:

Polymerase khi con hoat déng hiru

cac dimer primer, thuong xdy ra vao cac giai doan hiéu thi s& khong thé kéo dai mdi

Lo , \ ‘A . \ cta dimer primer t¥ dau 3 [1],
cuoi cua cac chu ky nhiét, khi ma enzyme Tagq nhwng trongpcéc giai doan cudi (EL’J]a
N . . n v e 4 chu ky nhiét, polymerase khong con
polymerase hoat dong khong con hi€u qua va dac hiéu hvu hiéu nira nén sé kéo dai duoc
] ) i N ] . mdi tir dau 3’ d& tao dwoc san pham

nira. Dimer primer la sy bat cdp lan nhau gitta moé1 do khuéch dai ctia dimer primer [2]

]Hot start Taq polymerase 1a Taq polymerase ma & nhiét do thweng bi bat hoat vi cé khang thé dac hiéu (hay héa chét) bam 1én
diém hoat déng ctia enzyme. Khi bj dun 1én 95°C trong 5 phut thi khang thé& dac hiéu sé bi phat hay, Enzyme sé& hoat dong. Hot start
Taq polymerase thuwdng dwgc str dung dé tranh cac bat cap khong dac hiéu & nhiét do dwdi nhiét do bat cap dac hiéu cia moi
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c6 nhitng vi tri trén trinh tr mdi mang nhitng base bd sung dugc v6i nhau. Tuy nhién
trong cac chu ky dau khi ma enzyme polymerase con hoat dong hiéu qua thi s& khong
tao duoc san phém khuéch dai dic hiéu do su kéo dai cta hai mdi khi ching bat cap
1an nhau chi vai vi tri nucleotide ma khéng bét cap duoc ¢ dau 3’ (hinh 24 [1]). Tuy
nhién trong cac giai doan cubi ciia PCR, enzyme polymerase di tré nén hoat dong kém
hiru hiéu nén né van co thé kéo dai duoc cac mdi khi ching bét cip 1an nhau du & dau
3’ cua moi van khong cé bat cap dat hi€éu véi nhau, chinh vi vdy nén mdi tao dugc cac

san pham khuéch dai khong dic hiéu tir cac dimer primer (hinh 24 [2]).

San pham khuéch dai tir dimer primer s& khac biét v&i san pham khuéch dai tir
DNA dich chinh 1a & chiéu dai, néu tir dimer primer thi chiéu dai s& khong bao gio
vuot qua 50 — 55 bps, con néu tir DNA dich thi chiéu dai thudng qua 100 bps. Nhu vay,
dé co thé phan biét dugc duoc duong biéu dién khuéch dai ctia dng phan tmg 1a cta san
pham khuéch dai dic hiéu tir ban DNA dich hay 1a tir dimer primer, phai dwa vao mot
tinh chat ddc trung gitp phan biét duoc chiéu dai cua hai loai san pham khuéch dai nay,
va tinh chét dic trung d6 chinh 1a nhiét d6 chay (melting T°, Tm), 1a nhiét do 1am cho
soi d6i DNA bi bién tinh 50 % tirc 1a ¢6 50 % s6 s¢i doi bi bién tinh hoan toan. Nhiét
d6 chay cua soi d6i DNA tuy thudc vao thanh phan GC va chiéu dai cua né: Thanh
phan GC cang cao thi Tm cang cao, soi doi cang dai thi Tm cang cao. San phim
khuéch dai tir DNA dich dai hon nén s& c6 Tm cao hon 1a Tm cua san pham khuéch dai
tir dimer primer. Dé biét dugc Tm cta san pham khuéch dai c6 trong dng phan Gng, sau

khi hoan tat cac chu ky ludn nhiét cua real-time PCR, nguoi 1am thi nghiém s& tiép tuc
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Biéu d6 4: Biéu db [1] Ia bleu dd chay (melt curve chart) dwgc may hién thj real-time trong suét qua trinh thyc
hién chwong trinh luan nhiét melt-curve, phan tich trén biéu dd nay chung ta sé thdy 6ng phan (ng
c6 Tm thép 78°C 1a 6ng c6 san phdm khuéch dai 13 tlr dimer primer, con cac ong phan ¢ng c6 Tm
cao dén 85°C la that sy dwong tinh cac san pham khuéch dai tir DNA dich. Biéu db [2] Ia biéu dd
dinh chay (melt curve peak chart) cho phép xac dinh Tm dé& dang va chinh xac hon nhé cac dinh biéu
dd chay cla tirng ng phan tng
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cho may chay thém mot chuong trinh phan tich nhiét d¢ chay, goi 1a chuwong trinh
melt-curve. Tuy thudc vao tung loai may real-time PCR ma nguoi lam thi nghiém st
dung chuong trinh melt-curve duoc cai san trong mdy, hay 1a tu tao chuong trinh melt
curve ma minh thdy thich hop hon. Pdi voi cic mdy real-time PCR thé hé iQ cua
Biorad thi chuong trinh melt-curve la, trudc hét buéng u nhiét s& dua nhiét do 1én 95°C
trong 1 phiit dé 1am bién tinh hoan toan cac san pham khuéch dai c6 trong dng phan
mg, rdi ha xudng nhiét d6 55°C trong 1 phut dé tat ca cac san pham khuéch dai nay bat
cap hoan toan thanh sogi do6i. Sau do thyc hi¢n chuong trinh melt-curve dua nhiét do
budng U nhiét tir 55°C 1én 95°C trong 80 budc ting nhiét d6, mdi bude ting 0.5°C va
giit trong 10 gidy; déng thoi trong mdi bude ndy, thiét bi real-time ciing s& chiéu ngudn
sang kich thich va ghi nhan va hién thi trén dd thi cuong d6 anh sang huynh quang phat
ra tir cac Ong phan tng 1én mot biéu dé chay (melt curve chart). Phan tich trén biéu d6
hién thi real-time nay, ching ta sé& thy d6i voi timg 6ng phan tGng thi cudng d6 huynh
quang phat ra s& giam dan theo cac budc ting nhiét d6 trong budng u nhiét, 1y do 1a cac
san pham khuéch dai c6 trong dng phan tmg s& bi bién tinh dan dan theo sy gia ting
nhiét do trong buéng 1 nhiét. Pén mot bude tang nhiét o ma ¢ do trung khdp véi Tm
ctia san pham khuéch dai trong dng phan tmg thi cudong d6 huynh quang s& giam dot
ngot vi co dén 50 % séan phém khuéch dai nay bi bién tinh thanh soi don cung mot luc,
do vay & budc nhiét d6 nay chung ta s& thiy duong biéu dién cudng d6 huynh quang
phat ra tir 6ng phan tmg khong con 1a mot dudng thang di xudng déu nhu trudc ma bi
chai xubng thdp hon nhiéu so voi do doc ctia nd. Nhd vay ma ngudi lam thi nghiém
khi quan sat dién tién cta qua trinh v& real-time biéu d6 chay, s& hoan toan c6 thé co
thé x4c dinh dugc Tm ctia san pham khuéch dai co trong 6ng phan tng (biéu dé 4 [1]).
Pé gitp xac dinh duge dé dang hon Tm, sau khi hoan tit chuong trinh melt-curve, may
real-time PCR s& thay d6i hién thi biéu dd chay thanh mot d6 khac goi 1a biéu do dinh
chdy (melt curve peak, biéu dé 4 [2]), trong biéu do ndy truc hoanh (X) vin 1a bién
thién nhiét d6 ctia budng U, nhung truc tung (Y) thi thay bién thién cudng do huynh
quang (RFU) thanh bién thién ty 1& giam cudng d6 huynh quang so véi ting nhiét do
ciia budng U nhiét (ARFU/AT). Nho su thay ddi nay, chung ta s& thy tri s cia
ARFU/AT hau nhu khong bién doi khi su gia tang nhi¢t do cua buéng U nhiét chua dat
dén Tm, nhung khi nhiét do buéng U nhiét dat dén Tm thi s& c6 su gia tang dang ké tri
s& ARFU/AT, va trén biéu dd chung ta s& thdy mot dinh (peak) cua tri sé nay. Gia tri
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nhiét d6 budng 0 twong tmg v6i dinh cta duong biéu dién nay cho ta duoc tri s6 Tm
ctia san pham khuéch dai c6 trong 6ng phan tng. Nhu vdy véi phan tich melt curve
trong phuong phap real-time PCR sir dung SYBR Green I, nguoi 1am thi nghiém c6 thé
phan biét dugc san pham khuéch dai c6 trong dng phan tng 1a tir DNA dich hay 1a tir
dimer primer, do d6 ma da khéc phuc dugc nhugc diém khong dac hiéu cua chét phat
huynh quang nay trong phat hién san pham khuéch dai xuit hién trong dng phan tng

trong qua trinh ludn nhiét.

KV thuat phan tich phan giai cao nhiét do chay (High resolution melting, HRM)

Mic du c6 vu diém hon ethidium bromide, nhung SYBR green I ciing con mot
nhuoc diém rat quan trong, d6 1a tin hiéu huynh quang phat ra khong cao va lai ¢ thé
trc ché PCR. Chinh vi nhuoc diém nay ma dudng biéu dién dinh chay s& khong cao, d6
phan giai cac dinh chay cua cac san phim khuéch dai c6 trinh ty khac biét hay/va chiéu
dai khac biét ciing rat thip, khong thé phan biét duoc chung véi nhau. Chinh vi vay
ma real-time PCR sir dung SYBR I lam chét phat huynh quang khong thé tng dung
trong multiplex real-time PCR, trong real-time PCR phat hién cac SNP (single
nucleotide polymorphism), hay real-time PCR dinh dugc genotype.

Hién nay d3 c6 nhitng tién bo dang ké trong phat hién cic mau huynh quang chén
khic phuc duoc cac nhuoc diém cua SYBR green I Cac mau ndy c6 kha ning phat
huynh quang rat cao va hon nita lai hoan toan khong trc ché PCR nén do phén giai cua
cac biéu dd dinh chay rit cao, do vay dugc goi la cac mau HRM (high resolution
melting dye). Bang 5 1iét ké mot sé chat huynh quang HRM hién nay dang dugc cac
nha nghién ctru tng dung, va sy lya chon mau nao la tuy thudc vao kénh anh sang kich
thich va anh sang huynh quang ma méy real-time PCR ho dang st dung c6 thé thuc
hién dugc trong qua trinh chay luan nhié¢t. Co thé tom tit cac lya chon nay nhu sau:
SYTO9 hay LCGreen thi chi danh cho may real-time PCR Rotor Gene cua Corbett hay
Light Cycler ciia Roche vi cac may nay mdi c6 kénh mau thich hgp; EVAGreen hay
BEBO thi c6 thé thich hop trén cic mdy real-time PCR thong dung va rat téi vu trén
real-time PCR cua Biorad hay Applied Biosystem (dung ding kénh mau FAM hay
SYBR green I); BOXTO thi diung kénh mau Joe c6 trén nhiéu may real-time PCR
thong dung, c6 thé két hop voi real-time PCR dung Beacon probe gin chit phat huynh
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quang 12 FAM, nho vay ma c6 thé dinh luong DNA dich bang FAM va phan tich HRM
curve vé1 kénh Joe.

Bang 5: Trinh bay cac chat huynh quang HRM hién nay dang dwoc cac nha nghién ctru st dung cling véi cac ndng
d6 thich hgp phai pha trong PCR mix

Tén HRM Hang cé ban quyén Bwéc soéng kich thich  Bwédc song huynh quang Néng dd trong 6ng phan &ng
phat ra

SYTO9 green Molecular Probes 485° 498° 2uM

LCGreen Idaho Technology 440-470°* 470-520°* 1-10uM

EVAGreen Biotium Corporate 470-495* 525-530* 1.33uM # 1X pha tir 20X

BEBO Tataa Biocenter 468* 492* 1-5uM (3uM) # pha tr 5mM

BOXTO Tataa Biocenter 515* 552* 0.3-0.7uM (0.5uM)

*Chi thich hgp cho Rotor Gene va Light Cycler; *Thich hop cho kénh mau FAM va SYBR cla cac may real-time PCR thong dung;
*Thich hep cho kénh Joe clia cac may PCR théng dung

V61 real-time PCR dung HRM lam 104

1

mau chén, nha nghién ctu cling nhu nguoi R | 7 R

lam thtr nghi€ém hoan toan cé thé thuc hién

Porsfisgg R
e
£
1

real-time PCR dé khong chi dinh lugng mot

cach dac hi€u dugc tac nhan dich c6 trong 00

mau thir, ma con c6 thé thuc hién duoc -

multiplex real-time PCR dé phat hién nhi€u = gy oo oo fln,

tac nhan dich, phat hién cac dot bién - tham 0ss

chi SNP vdi chi 1 nucleotide khac biét, phat 000

~0U05

Sl R

hién va xac dinh dugc genotype. Chia khoa

chinh cua cac budc ti€n nay la kha nang R
) o . . . Biéudos:
phan biét dugc sy khac biét khong chi vé Biéu dd HRM phan tich melt curve clia sén pham
. khuéch dai cua real-time PCR dung EVAGreen
chiéu dai ma ca sy khac biét trinh tu c¢6 khi lam mau chén thiyc hién trén may real-time PCR
, ' ’ o CFX96 cta Biorad, chuong trinh HRM 1a c6 sén
dén 1 nucleotide cua cac san phém khuéch trong may (Precision melt analysis sofware). Két

qua cho thay kha néng phan biét rét rd rang gitra
khong dot bién (dwong biéu dién do), dot bién T
sang C (mau xanh bién) va heterozygote (mau
xanh 1a), d&c biét 1 khi biéu d6 hién thj & dang
phan tich téc d6 giam cwdng dd huynh quang
(difference RFU).

dai c6 trong dng phan ng nho ban chit vu
viét ciia cac mau HRM 1a khong @c ché
PCR va ddng thoi cuong do phat phat
huynh quang ctia mot phan tir mau HRM khi chén vao soi doi DNA co thé ting dén
trén 250 1an so véi khi ty do trong dung dich. Chinh nhd vay ma ngudi 1am thi nghiém
khi chay chuong trinh luan nhiét phan tich melt curve d6 phéan giai cao (goi la chuong
trinh HRM) — tirc 14 chi chay luan nhi¢t phan tich melt curve trong mot khoang cach

biét nhiét d hep (vi du 73°C dén 78°C 1a khoang nhiét do ma san pham khuéch dat dat
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Tm, thay vi 55°C dén 95°C nhu trong chuong trinh luin nhiét phan tich melve curve
binh thuong dé do Tm) — két qua biéu d6 dinh chay hoan toan du phan giai cao dé phan
biét su khac biét cua cac san phém khuéch dai c6 trong 6ng phan ng. Biéu dé 5 minh
hoa mot két qua cho théy 6 thé phan bi¢t dugc su khac biét chi 1 nucleotide, ké ca tinh

trang heterozygote cta cac san pham khuéch dai qua biéu d6 HRM.

2. Real-time PCR sw dung probe lam chit phat huynh quang

Probe duogc dich 1a “doan do” hay “do”, d6 1a nhitng doan oligonucletides soi don
c6 trinh tu c6 thé bat cap bo sung v&1 mot trinh tu ddc hi¢u trén DNA dich (trong PCR,
d6 1a san pham khuéch dai dic hiéu tir DNA dich). Sir dung probe 1am chat phat huynh
quang dua trén nguyén tic 1a khi c6 mat san pham khuéch dai dic hiéu trong dng phan
ung thi s€ co su bat cap cua probe 1én trinh ty ddc hi€u cua san phém khuéch dai, va
khi c6 sy bat cap nay thi s& c¢6 sy phat huynh quang tir dng phan tmg khi né nhan duoc
nguén sang kich thich. Co nhiéu loai probe, va tham chi ca primers dugc str dung lam
chat phat huynh quang cho real-time PCR. Trong pham vi bai nay, chung téi xin trinh

bay k¥ mot sé thuong duoc sir dung hién nay.

a. Real-time PCR st dung Tagman probe

Neouyén tic kv thudt real-time PCR sir dung Tagman probe

Trong k¥ thuat nay, real-time PCR mix ngoai cic thanh phan co ban ciia PCR mix,
con chira hai thanh phan quan trong dé probe c6 thé phat huynh quang dugc khi co su

hién dién cua san pham khuéch dai dic hiéu tir DNA dich, d6 1a: (1) Tagman probe, 13

nhiing oligonucleotides c6 trinh tu bo sung v&1 mot trinh ty dac hiéu trén DNA dich, va
trinh tw ndy dai khoang 24 dén 30 bases v6i ddu 5° ¢6 gin chat phat huynh quang (goi
1a reporter) con ddu 3’ c¢6 gin chat hip phu twong tmg (goi 13 quencher) dé hip phu

dugc anh sang huynh quang dugc phat ra tu reporter. (2) Enzyme Tag polymerase co

hoat tinh 5°-3’ exonuclease dé c6 kha ning thuy giai cit bo probe khi probe nay bt cip

1én soi khudn va can dau 3’ ciia moi khi enzyme kéo dai mdi tong hop soi bd sung. Co
ché phat huynh quang ctia Tagman probe trong cac chu ky nhiét duoc trinh bay minh
hoa trong hinh 25. C6 thé tom tit nhu sau: (1) Khi chua ¢ su xuét hién cua san pham
khuéch dai dic hiéu tir DNA dich thi Tagman probe van con nguyén ven do vy ma

huynh quang phat ra dugc tir reporter & dau 5° s& bi quencher ¢ dau 3’ ciia probe hip
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phu, 6ng thir nghiém s& khong phat dugc huynh quang khi nhan duoc ngudn sang kich
thich. (2) Khi bat diu c6 sy xuét hién san phém khuéch dai dic hiéu thi Tagman probe
s& bat cap vao sgi1 khuon cua san phém nay ¢ giai doan nhiét do bat cap va s¢ bi
enzyme Taq polymerase cit bo dé kéo dai mdi tong hop nén soi bo sung, do vay ma
reporter ctia Tagman probe s& bi cit roi xa quencher va phat dugc huynh quang khi
nhan duoc ngudn sang kich thich. Cang nhiéu san pham khuéch dai xuat hién thi s6
lugng reporter ty do s€ cang nhiéu, dén mét lac nao do cuong d§ huynh quang phat ra
tir reporter di manh thi may sé ghi nhan duoc tin hiéu huynh quang phat ra tir ng phan

mg khi nhan dugc ngudn sang kich thich.

Reporter va quencher cua Tagman probe

Nhu d3 ndi & trén, reporter 1 mot chit gan vao dau 5° cua Tagman probe, c6 kha
ning phat duogc huynh quang khi nhan dugc ngudn sang kich thich. Co nhiéu loai hoa
chat duoc str dung 1am reporter. Trinh bay trong bdng 6 1 cac hoa chit nay véi cac chi
tiét can thiét nhu do dai song ctia ngudn sang kich thich, do dai song ciia huynh quang

phat ra, va cac quencher tuong ung.

uencher 1a chat co
Anh sang kich thich

r z £ S pia
5 - A [1] Khi chwa c6 mat séan pham khuéch dai dac hiéu,
kha nang hap phu dlIUC Tagman probe khong phat dwoc huynh quang

khi nhan dwoc ngudn sang kich thich vi huynh
, ’ \ quang phat ra bj quencher hap phu hét
anh sang huynh quang R—> (@

phat ra tu reporter khi

reporter nhan dugc anh

R Q [2] (a) Khi c6 mat san phdm khuéch dai dac hiéu,
y ’ ’ e . —l e — Tagman probe sé bat cap trén trinh ty dac hiéu
sang kich thich. C6 hai cia San phém Khuéch Gbi & gial doan nhigt 40
<“— bét c&p sau giai doan bién tinh
loai quencher, d6 1la
quencher  phat  huynh 2 @

[2] (b) Tagman probe sé& tré thanh trinh tw can dau

quang VE‘I quenCheI‘ phét - 3’ khi Taq polymerase kéo dai mdi dé bat dau

tdna hop soi b suna

nhiét.  Quencher _ phat

R
huynh guang la quencher ‘- @
[2] (c) Nh& c6 hoat tinh 5'-3" exonuclease nén Taq
. L , , I & cit bo T be 2
khi hap phu é&nh sang F=— [brtor bi cht 1ol xa quencher VA nh vay ma
huynh quang phéat ra tt reporter sé khong con bi
S < ~ quencer hap phu niva
huynh quang tir reporter sé ' .
) , T e
chuyén nadng luong hap —

[2] (d) Giai doan phat huynh quang cla reporter xay
ra trong subt qua trinh Taq polymerase kéo dai
T méi dé tdng hop soi bd sung

phu dugc thanh anh sang,

do Véy quencher sé phét ra  Hinh 25:Tém tit co ché hoat dong clia Tagman probe trong real-time PCR
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huynh quang nhung khong dén dugc CCD hay cam bién quang vi bi can lai béi kinh
loc chi danh cho anh sang huynh quang phat ra tir reporter. TAMRA 1a mét vi du minh
hoa cho quencher phat huynh quang, thuong dugc dung cho tagman probe cé reporter
la FAM (bdng 6). Dung quencher phat huynh quang s€ c6 mot tr¢ ngai 1a huynh quang
phat ra tir quencher c6 thé trung véi phd huynh quang cta reporter cia mot Tagman
probe khéc, néu real-time PCR dugc thiét ké multiplex, do vdy ma khi chon loc

reporter cho probe thtr 2 hay thtr 3 thi nha nghién ctru phai dé ¥ dé tranh tré ngai nay.

Quencher phdt nhiét 1a quencher s& chuyén niang luong hap phu dugc thanh nhiét, vi
du DABCYL hép phu huynh quang budc séng 425, BHQO hap thu huynh quang budc
song 430-520 (t6i wu 493), BHQ!I hip thu huynh quang 480-580 (t6i wu 534), BHQ2
hap thu huynh quang 560-670 (t6i wu 579), BHQ3 hap thu huynh quang 620-730 (tdi
uu 672). Quencher phat nhiét hién nay dugc wa chudng hon quencher phat huynh
quang vi kha ning hap phu huynh quang rat manh, cac BHQ duoc xem nhu cac 16 den
(black hole quencer, BHQ) hit 13y tat ca cac huynh quang tir reporter khong cho bat ctr
huynh quang ndo phét ra dugc tir reporter, dong thoi rat dé dang dé thiét ké cac tagman
probe dung cho multiplex PCR ma khong lo dén phd huynh quang cua céac reporter co
bi trung voi phd huynh quang ctia quencher vi quencher khéng hé phat huynh quang.

Bang 6: Trinh bay cac reporter hién nay dang dwoc cac nha nghién clru st¢ dung cung v&i buéc song kich thich,
huynh quang phat ra, va quencher twong rng

Tén reporter Buwéc séng Buwéc séng Quencher Tén reporter Buwéc séng Buwéc séng HQ Quencher
kich thich HQ phat ra kich thich phat ra
FAM 495 520 TAMRA, DABCYL, BHQ1 Cy3™ 548 566 BHQ2
TAMRA 557 583 BHQ2, DABCYL Cal Fluor®Gold 540 522 544 BHQ1
TET 521 536 BHQ1, DABCYL Cal Fluor Orange 560 538 559 BHQ1
TEXAS RED 590 610 BHQ2, BHQ3, DABCYL Cal Fluor Red 590 569 591 BHQ2
VIC 538 554 BHQ1 Cal Fluor Red 610 590 610 BHQ2
HEX 535 556 BHQ1, BHQ3, DABCYL Cal Fluor Red 635 618 637 BHQ2
JOE 529 555 BHQ1 LC red 640 618 637 BHQ2
Cyb 647 667 BHQ2, BHQ3 Pulsar® 650 460 650 BHQ2
Cy5.5 690 705 BHQ2 Quasar 670 647 667 BHQ2
Rox 586 610 BHQ2, BHQ3, DABCYL Quasar 705 690 705 BHQ3

Thiét ké méi va Tagman probe

Thiét ké moi cho real-time PCR dung Tagman probe ciing theo cac qui luat thiét
ké mdi chung cho PCR (trinh bay trong phan thiét ké moi danh real-time PCR dung
mau huynh quang chén). Trong real-time PCR ding Tagman probe thi nén thiét ké moi
c6 nhiét do chay khoang 55°C - 60°C va thip hon nhiét d6 chay cua Tagman probe
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khoang 5°C - 10°C. Bé thiét ké Tagman probe, nén thiét ké dé khong dai qua 30 bases,
ty 1& GC trong probe khoang 30-80 % v&i C nhiéu hon G, vi tri bat cap ctia ddu 5 ctia
Tagman probe chi 2-5 bases cach vi tri 3° ctua moi bét cap trén cung soi1 dich, va rat
quan trong 1a dau 5’ gan reporter khong phai 1a G vi G c6 thé 1a quencher cho rat nhiéu
reporter. C6 thé sir dung phan mém Beacon Designer dé thiét ké mdi va Tagman probe.
Phan mém nay duoc cip mién phi cho cac phong thi nghiém mua may PCR iCycler
cua Biorad. Ngoai ra, viéc chon reporter va quencher ciing 1a mot van dé hét stc quan

trong. Xin tham khao bdng 6 dé c6 nhiéu kha ning lira chon cho phu hop.

Khi thiét ké mdi cho real-time PCR dung Tagman probe thi cling nén luu y dé
chiéu dai san pham khéch dai trong khoang 75-150 bps, khong nén qua 150 bps dé hiéu
qua PCR c6 thé dat dugc t6i hao. Tuy nhién trén thyc té cling con tiy thuéc vaio DNA
dich c6 cho phép chung ta chon dugc mdi dat duoc tdi hao dé co san pham khuéch dai
dat nhu vay hay khong. Cong ty Nam Khoa da c6 b thir nghi¢ém RT real-time PCR st
dung Taqman probe dé phat hién va dinh luong HCV-RNA dura trén sy khuéch dai soi
cDNA dich dai 240 bps phién ma nguoc tir ving 5’NC ciia bo gene cua virus ma van
dat dugc hiéu qua PCR t6i hao thé hién qua E% ludn dat 90-105 % (biéu dé 6); ciing
chinh nho vdy ma cong ty trién khai dugc thir nghiém giai trinh ty san pham real-time

PCR nay dé xac dinh duoc genotype ctia HCV nhiém trén bénh nhan.

Chuong trinh luén nhlét | ® Standard 3 Unknown |
real-time PCR dung tagman o et
323 E7
probe thuong chi c6 hai giai 2 303 =
. n n 1s e , =T =
doan nhi¢t do la: bién tinh 5 e -
= = E2
94 — 95°C trong 15 — 30 243 =
r . . \ 22_ """"""""""""""""""
gidy, ké do la giai doan vura t L3 . & . 33 * b
Log Starting Quantity, copy number
z o \ , e o
ba‘t Ca‘p vua keo dal o 60 C o FAM E= 99.6% RAZ2=1.000 slope=-3.333 w—1int=37_
trong 30-60 gidy va thiét bi PCR Standard Curve : Data 2007-11-20 1150 HCV

BIOSERVICE 201107 T T.opd

real-time s€ hoat dong ¢ giai  Biéu dé 6: Biéu do chuan clia RT real-time PCR s& dung Tagman

) prope dé phat hién va dinh lwgng HCV-RNA dwa trén moi

doan nay. O giai doan nhiét khuéch dai trinh tw 240bps trén vang 5’NC cla bd gene
’ ) ’ HCV

do 60°C thi Tagman probe
s& bat cap vao soi dich trudce vi day l1a nhi¢t do bat cap tdi hao cua Tagman probe (thép

hon Tm ctia Tagman probe 13 65 — 70°C, nhung bang hay cao hon Tm ctia mdi 1a 55°C

54



- 60°C) rdi sau d6 mdi mdi bat cap vao. Chinh nho vay ma khi Tag polymerase tong
hop soi bd sung, enzyme nay méi c6 co hoi thuy giai duoc Tagman probe can dau né.
Néu mdi bit cip trude vao soi dich thi s& khong co co hdi dé Taqman probe bit cip
vao soi dich va nhu vay thi Tagman probe s& khong thé bi thiy giai khi enzyme Tag
polymerase tong hop soi bo sung. DAy chinh 13 1y do giai thich tai sao phai thiét ké
mdi c6 Tm khoang 55-60°C va thap hon Tm ctia Tagman probe 5°C - 10°C.

Pha PCR mix cho real-time PCR dung Tagman probe

Pha PCR mix cho real-time PCR ding Taqman probe bao gdm céc thanh phan véi
cac nong d6 hay ham luong nhu sau: (1) PCR buffer 1X, (2) Tag polymerase c6 hoat
tinh 5°-3” exonuclease 1.25 ham luong 2 unit cho mét thé tich phan tmg, (3) dNTP 200
1M/each, (4) mdi xudi va mdi nguoc ham luong 10-25 pm cho mdi thé tich phan ung,
(5) MgCl, 5 mM, (6) Tagman probe 2-5 pm cho mdi thé tich phan tng; (7) Ngoai ra cd
thé thém dUTP, UNG véi ndong d6 hay ham luong nhu céc pha cac PCR mix real-time
hay PCR mix khong real-time khac, va (8) mau huynh quang nén néu thiét bi real-time
yéu cau. Nén tham do ham luong cia Tagman probe dé c6 cuong do huynh quang
dugc ghi nhan 13 cao nhat, khéng phai cho ham luong ctua Tagman probe cao thi s& 1am
cuong do huynh quang phat ra s€ cao ma c6 khi cé tdc dong nguoc lai vi s€ lam cac
phan tir Tagman probe qué gan nhau nén huynh quang phat ra tir reporter ciia probe bj

thity giai van bi cac quencher cta cac Tagman probe khac hip phu.

Chon reporter cua Tagman probe cho multiplex PCR

Pé thiét ké duoc cac Tagman probe ding cho multiplex PCR véi cac quencher 1a
BHQ thi yéu t6 quan trong nhat 13 phai lwa chon nhu thé nao dé budc song kich thich
cac reporter, va nhat 1a budc song huynh quang phat ra tir cac reporter phai cach xa
nhau dé tin hiéu huynh quang dugc thiét bi ghi nhin cho ting reporter s& khong bi anh
huong 1én nhau. Ngoai ra trén thuc té su lya chon reporter 1a con tuy thudc vao cac
kénh loc mau c¢6 trén thiét bi real-time nita. Biéu dé 7 minh hoa mdt lya chon duoc
xem 13 t6i wu cho multiplex 5 mau thuc hién véi real-time PCR trén iQ5 cta Biorad.
Trong su lya chon nay, chung ta thiy budc séng huynh quang t6i da cua tat ca 5
reporter 1a cich xa nhau nhét va tit ca déu phu hop v6i 5 kénh kinh loc ngudn sang

kich thich dén va huynh quang phat ra tir reporter (trinh bay trong bdng 7).
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Bang 7. Liét ké cac kénh kinh loc ngudn sang kich thich va kénh loc hiynh quang cd trén iQS tuwong (ng voi cac
reporter khuyén cao st¥ dung. Cac chir in dam la reporter téi wu dwoc chon cho 5 mau

Tén reporter Buéc song 1<énh kinh loc Buwéc song Kénh kinh loc

kich thich nguon sang kich thich HQ phat ra huynh quang
FAM 495 Channel 1: 475-495 nm 520 Channel 1: 515-545 nm
TAMRA 557 Channel 3: 530-560 nm 583 Channel 3: 575-595 nm
Cy3 548 Channel 3: 530-560 nm 566 Channel 2: 565-585 nm
TEXAS RED 590 Channel 4: 560-590 nm 610 Channel 4: 610-640 nm
Rox 586 Channel 4: 560-590 nm 610 Channel 4: 610-640 nm
TET 521 Channel 2: 515-545 nm 536 Channel 1: 515-545 nm
VIC 538 Channel 2: 515-545 nm 554 Channel 2: 565-585 nm
HEX 535 Channel 2: 515-545 nm 556 Channel 2: 565-585 nm
JOE 529 Channel 2: 515-545 nm 555 Channel 2: 565-585 nm
LC640 618 Channel 5: 615-645 nm 637 Channel 4: 610-640 nm
Cy5 647 Channel 5: 615-645 nm 667 Channel 5: 670-700 nm
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Biéu do 7:

Minh hoa buwéc séng kich thich va buwdc song huynh quang ciia mét chon Iwa multiplex 5 mau trén
iQ5. Chon lya nay dwoc xem |é,thI'Ch hop nh& d6 cach xa nhau gilra cac bwdc song kich thich toi
da va buwdc séng huynh quang toi da cla cac reporter

b. Real-time PCR str dung Beacon probe

Trong k¥ thuat nay, probe dugc st dung co6 tén 1a Beacon molecular probe. Pay la
probe c6 trinh ty dai khoang 25-40 bases, c6 dau 5’ gin véi reporter va dau 3’ gin véi
quencher. Probe c6 trinh ty 15-39 bases ¢ gitra la bd sung v&1 mot trinh ty ddc hi¢u trén
mot soi cia DNA dich, con hai dau cta probe thi mdi ddu c¢6 mot trinh tu 5-6 bases bd
sung v&i nhau lam cho probe tao thanh cAu tric hinh kep téc do trinh ty cua hai dau bat
cap nhau. Co ché hoat dong cua Beacon probe dugc minh hoa trong hinh 26, tom tat
nhu sau: (1) O giai doan nhiét dg bién tinh, ciu trac kep téc ciia Beacon probe khong
con nén néu & giai doan nay reporter nhan ngudn sang kich thich thi n6 s& phat huynh
quang. (2) 0} giai doan nhiét do bat cap, néu chua c6 mit san phém khuéch dai dac

hiéu, Beacon probe s& khong phat dugc huynh quang khi nhan dwgc ngudn sang kich
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thich vi cau tric kep toc cta hai dau da
lam cho reporter gin v6i quencher khién
tat ca huynh quang phat tir reporter déu bi
quencher hap phu. Nhung néu c6 mit san
phém khuéch dai dic hiéu, Beacon probe
s& bat cap vao trinh tuy dac hiéu trén soi
dich cua san phém khuéch dai, nho vay
reporter cach xa quencher nén reporter
phat dugc huynh quang khi nhin ngudn
sang kich thich. (3) Trong giai doan nhiét
do kéo dai, enzyme Taq polymerase
khong thuy giai Beacon probe ma chi lam
tach Beacon probe khoi soi dich khi soi
bd sung duoc tong hop kéo dai dén trinh
tu ma probe bét cip vao. Cudi giai doan
kéo dai, Beacon probe tach khdi soi dich
va tré lai cdu trac kep toc nén khong cho
reporter phat dugc huynh quang néu nhan

dugc ngudn sang kich thich.

Beacon probe c6 mot s6 vu di€m, do
la: (1) rat dac hiéu vi chi can trinh tu soi
khuon khéc biét 1a sé khong c6 bat cap va

nhu vady la s& khong c6 huynh quang -

Khi khéng c6 mét san phdm khuéch dai déc higu, & giai doan
nhiét do bat cap, Beacon probe sé& khong phat dwgc huynh
quang khi nhan dwgc ngudn sang kich thich vi céu tric chan téc
cla hai dau da lam cho repoter gan véi quencher khién tat ca
huynh quang phat tir reporter déu bj quencher hap phu.

— ~ -

—

Khi c6 m&t san phdm khuéch dai déc hiéu, & giai doan nhiét do
bat cap, Beacon probe bt cap vao trinh ty déc hiéu trén sgi dich
cla san phdm khuéch dai, nh&r vay reporter cach xa quencher
nén reporter phat dwoc huynh quang khi nhan nguén sang kich
thich.

R

2
<

Trong giai doan nhiét do kéo dai, enzyme Taq polymerase dwoc
str dung khong thly giai Beacon probe ma chi lam tach Beacon
probe khdi soi dich khi sgi bd sung duoc téng hop kéo dai dén
trinh tw ma probe bat cdp vao.

R Q
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<

Cubi giai doan kéo dai, Beacon probe tach khéi sgi dich va tré lai
céu trich chan téc nén khang cho reporter khong dwoc huynh
quang néu nhan dwoc ngudn sang kich thich

Hinh 26:Tom tit co ché hoat dong cua Beacon
probe trong real-time PCR

chinh nhd vay Beacon rat uu viét dé phat hién SNP; (2) rat t6t dé thuc hién multiplex

phat hién cung lic nhiéu tac nhan dich. Tuy nhién, Beacon twong d6i kho thiét ké, nhat

13 khi thiét ké trinh ty ¢ hai ddu 5’ va 3’ phai cht ¥ dé co su bat cip du manh 1am cho

probe co cau truc kep toc ma khong 1am cho cdu tric cua probe tu gip lai thanh cau

hinh khong kep toc, vi nhu vay s€ lam cho huynh quang cua reporter phat ra ty do

khong mong mudn. Ngoai ra sy bat cdp cua trinh tu ¢ hai dau cling khong dugc qua

manh dé khong ngin can probe bat cap vao soi dich khi c6 mat cua sgi dich. Chuong

trinh Beacon designer dugc cung cAp mién phi khi mua iCycler ctia Biorad 1a mét
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trong cac chuong trinh rat tot, gitip ngudi st dung dé dang thiét ké Beacon probe trén

trinh tu so1 khuoén da nhap vao.

c. Real-time PCR st dung probe lai (hybridization probes)

Trong k¥ thuét nay, nguoi ta dung 2 probe. Probe
lai 1 c6 diu 3’ gin modt chat phat huynh quang D
(donnor), va probe lai 2 c6 dau 5’ gan mot chat phat
huynh quang A (acceptor). Dé tranh khong cho probe
lai 2 ndy co thé kéo dai khi no bat cip 1én soi khuon,
ngudi ta thuong gan thém mot gdc phosphate ¢ dau 3’
Hai probe lai nay duoc thiét ké sao cho khi bat cap trén
soi khuén thi dau 3’ cta probe lai 1 chi cach dau 5° cua
probe lai 2 khoang tir 3-5 bases, ngoai ra phai chon D
va A sao cho huynh quang tir D phat ra c6 do dai song
trung voi ngudn sang kich thich cia A dé lam cho A
phat ra dugc huynh quang c6 do dai song khac biét vdoi
huynh quang phat ra tir D. Dé hé thong hoat dong dugc
thi thiét bi realtime phai phat dugc ngudn sang kich
thich D, nhung CCD hay cam quang phai c6 kinh loc
dé chi ghi nhan huynh quang phat ra tir A chir khong
phai tir D. Co ché hoat dong ctia hybridization probes
duoc tom tit nhu sau (hinh 27): O giai doan nhiét do

bat cdp, néu khong c6 san pham khuéch dai dic hi¢u thi

D A
— No—

Khi chwa c6 mat san phdm khuéch dai dac hiéu, huynh
quang phat ra tr D cta probe lai 1 khdng kich thich
dwoc A cla probe lai 2 vi ching & cach xa nhau

-
Khi c6 mat san phdm khuéch dai dac hiéu, Probe lai 1
va probe lai 2 bat cap lén soi khudn lam cho D rat gan
A nén huynh quang phat ra tr D (c6 bwéc séng trung
véi budc séng ngudn sang kich thich clia A) sé dwoc
A hép phuy rdi chuyén sang phat huynh quang véi buéc
song khac biét voi bwde séng phat huynh quang ctua D

D
—
A
e
P —
D A
— Co—
—
—_

- m—
Qe

Trong giai doan kéo dai, Taq polymerase vi khong c6
hoat tinh 5’-3’ exonuclease nén sé tach cac probe lai 1
rdi probe lai 2 khdi sgi khudn, do vay la A tach roi D
nén D khong con nhan dwoc budn sang kich thich tir D
nika va A sé khong con phat huynh quang dwoc.

Hinh 27:

Tém tét co ché hoat ddng clia probe
lai trong real-time PCR

D ctia probe lai 1 phat huynh quang do nhan dugc ngudn sang kich thich, nhung thiét

bi real-time khong ghi nhan dugc huynh quang nay vi budc song phat ra tr D khong di

qua duogc kinh loc dé dén CCD camera hay cam quang. Néu c6 san pham khuéch dai

hién dién thi probe lai 1 va probe lai 2 bat cap duoc vao s¢i khuon, do vdy ma huynh

quang phét ra tir D s& 1 ngudn sang kich thich A, 1am cho A phat huynh quang va thiét

bi real-time s& ghi nhan duoc huynh quang nay néu luong san pham khuéch dai dat du

ngudng dé huynh quang phat ra tir A qua dugc kinh loc dé dén dugc CCD camera hay

cam quang cua thiét bj real-time. Co ché hoat dong cua probe lai nhur viy nén k¥ thuat

nay con goi la ky thuat FRET real-time (Fluorescence Resonance Energy Transfer).
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Ciing nhu tit ca cac co ché phat huynh quang khac cua real-time PCR, k¥ thuat
real-time PCR sir dung cac probes lai dugc tng dung dé dinh luong tac nhan dich c6
trong mau. Ngoai 4p dung nady, real-time PCR sir dung cac probe lai con c6 mot uu
diém, d6 1a img dung dé dinh genotype clia tic nhan dich hay 1a dinh duoc su khac biét
chi mot nucleotide (SNP) cua cac tic nhan dich. Nguyén tic cua ing dung nay 13 nhiét
do chay cua hai probe lai trén cac soi khudn khac biét vé trinh tu du chi méot nucleotide
cling s& khac nhau, nén 1am cho duong biéu dién dinh chay cua ching ciing khac nhau.
Hinh 28 va biéu dé 8 13 mdt minh hoa dé hiéu rd hon tai sao real-time PCR véi probes
lai c6 thé gitip phan biét duoc cac khac biét cua tac nhan dich vé genotype hay tham
chi chi mot SNP. Bé c6 thé thuc hién dugc tng dung ndy thi ngudi lam thi nghiém sé
chay thém mot chuong trinh phan tich melt-curve sau khi may da hoan tit chuong trinh

luan nhiét real-time.

A Binh chay Dint] chay
o ciaA cuaB
[
g
P 78°C P E
o <
-
—® 79°C —
A
— e - _
80°C
b A b A
— e — L
81°C - .I.oE
San pham khuéch dai B San pham khuéch dai A 78°C 79°C 80°C 81°C 82°C 83°C
Hinh 28: ) . ) Biéu do 8: )
Minh hoa cho thay san pham khuéch dai A chi khac B Minh hoa cho thay dinh nhiét d6 chay cia A ph?n t?iét
mét nucleotide nhwng nhiét d chady cua probe lai trén rd voi dinh nhiét do chay cltia B. Nh& vay cé thé thay
soi khuén da khac biét dwoc A va B khac biét nhau

d. Cac ky thuat real-time PCR st dung probe khac

Phén trén 13 gi6i thiéu tuong dbi chi tiét vé 3 phuong phap real-time PCR sir dung
probes 1am chét phat huynh quang. DAy 1a nhimg phuong phap thuong duge st dung
trong nhiéu nghién ctru hay 1a trong chan doan 1am sang. Ngoai 3 phuong phap dung
probe 1am chét phat huynh quang ndy, con c6 nhiéu phuong phap dung probes hay ca
primer nita dé 1am chét phat huynh quang, nhu Eclipse probe, Amplifluor primers,

Scorpion primers, Lux primers, BD-QZyme primers...Xin tham khdo tai li¢u Real-time
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PCR Applications Guide (http://www.gene-quantification.de/real-time-pcr-guide-bio-

rad.pdf) dé rd hon.

Cac uirng dung cia real-time PCR

1. Dinh lwong tac nhdn dich co trong méu thir

Dic trung cua real-time PCR 13 phat hién san phim khuéch dai trong qua trinh
chay PCR khi san phém khuéch dai tr DNA dich dugc nhan ban dat du sb lugng dé
1am cho éng phan tmg phat dugc huynh quang khi nhan dugc ngudn sang kich thich.
Chinh nho ddc trung ndy ma ngudi 1am thi nghiém c6 thé biét duge sé lugng ban DNA
dich ban dau c6 trong 6ng phan Gmg dwa vio sy xuat hién huynh quang cta 6ng phan
mg sém hay mudn, tirc 1a chu ky ngudng (Ct) cua 6ng phan Gmg nhé hay 16n. C6 hai
cach dinh lugng tdc nhan dich dya vao muc dich dinh lugng ma ngudi lam thir nghiém

quan tam:

a. Dinh luong tuyét dbi

Nguoi lam thir nghiém s€ st dung dinh lugng tuyét ddi néu muc dich cua xét
nghiém 1a dinh luong dé biét 15 sé copies cua tac nhan dich c6 trong miu thir hay trong
bénh phém. Vi du xét nghiém dinh lugng virus viém gan B, hay viém gan C, hay HIV
trong miu méau cua bénh nhan dé theo doi hiéu qua diéu tri dac hiéu. Phuong phap dinh
luong nay doi hoi phai biét rd lwong (thé tich, hay c6 thé 1a trong luong) cia miu thir.
Dé c6 thé thuc hién phuong phap dinh lugng tuyét ddi, nha nghién ctru hay ngudi 1am
thi nghiém phai thyc hién xét nghiém real-time PCR ctia mau thir ciing ltic v6i cac mau

chuan da biét trude s6 luong roi tinh ra s6 copies DNA cua tadc nhan dich c6 trong 6ng
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2 2.5 3 3.5 = 4.5
o FAM Log Starting Quantity,copy number

E= 99.9% RA2=1.000 slope=—3.324 yw—-int=36..

Biéu d6 9: Biéu d6 chuan la mét yéu t6 quan trong dé lam dwoc dinh lwgng tuyét dbi. Nho biéu d6 chuén ma
chwong trinh clia may cé thé tinh dwgc ham lwgng DNA dich ban dau cé trong 6ng phan rng.
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phan tmg dua vao duong bién dién chuan (minh hoa & biéu dé 9) xac dinh mdi quan hé
gitta chu ky ngudng (Ct) voi sé luong copies DNA dich ban dau c6 trong dng phan tng.
Cudi cung xac dinh sb copies tac nhan dich ¢ trong mau thir hay bénh pham dua vao
hé s6 pha loing mau va hé s tach chiét DNA hay RNA cua phuong phap chuan bi

mau trude khi thuc hién PCR.

Cu thé phuong phap tinh toan sd copies cia DNA dich ban dau c6 trong éng phan

ung dua vao duong biéu dién chuan nhu sau:

-  Pudng biéu dién chuin cho dugc mdt ham sb biéu thi mdi twong quan giira
chu ky ngudng (Y = Ct) véi log, cua sb lugng ban DNA dich ban dau c6 trong
6ng phan tng (X = log;o Sq). Ham s6 d6 1a: Y = [slope (X)] + intercept, va cac
thong sd slope va intercept déu hién thi trén biéu d6 chuén.

= Tu ham s6 nay, nguoi lam thi nghiém s& hiéu dugc tai sao mdy tinh hién thi

duoc Sq, d6 12 nhd tinh toan tir Sq = 1L~ nereep/siope]

b. Dinh luong tuong ddi

Néu mudn dinh luong tac nhan dich ma nguoi 1am thi nghiém khong thé can do
dong dém duoc miu thir dé co dugc sd lwong chinh xac thi nén lam phuong phéap dinh
lugng tuong ddi. Vi du xac dinh tom sa bi nhidm mdt loai virus gay bénh nao dé nhiéu
hay it; trong trudng hop nay ngudi 1am thi nghiém dau c6 thé can chinh xac sb luong
tom post duoc nghién dé thar nghiém do vdy ma néu dung phuong phap dinh lugng
tuyét d6i s& gip tré ngai vi néu luong tdm thir nghiém nhiéu qua thi luong nhidm virus
du it van c6 thé cho con sd dinh lugng tuyét ddi cao va nguoc lai néu lugng tom thu
nghiém qua it thi con s dinh luong tuyét ddi c6 thé thap du tom nhiém virus cao. Dinh
luong twong ddi ciing duoc sir dung trong cac nghién ctu vé& ung thu dé dinh luong
mot bién hién gene nao do, hay ciling dugc str dung trong dinh lugng san phém bién doi
gene. Cac vi du minh hoa trong cac phuong phap dinh lugng twong ddi sau day s& 1am

16 hon vé dinh lugng twong ddi.

Binh luong tuwong doi dira trén don vi khoi lwong (unit mass)

Phuong phap dinh lugng ndy c6 thé 4p dung trong dinh luong biéu hién gene véi
lugng mau thir nghiém phai dugc xac dinh chinh x4c (luong té bao, lugng nucleic acid

tach chiét tir mau...). Lay vi du dinh luong biéu hién gene P53 trén ciy té bao co thur

61



chat nghién ctru X gy ung thu so véi cay té bao chimg khong thir chat nghién ctru X.
Nha nghién ctru thyc hién hai 16 cay té bao cung ngdy tudi, sau d6 mot 16 thir thém chat
X, mot 16 chting khong thir chit X. Sau d6 1iy cing mot luong té bao cua cé hai 16 dé
tach chiét va dinh luong RNA toan bd ciia ca hai 16. Lay cing mot lugng RNA tach
chiét duoc cua ca hai 16 (vi du 50 ng cho mdi 16), thyc hién thir nghiém RT real-time
PCR v&i mdi dic hiéu mRNA cua P53. Xac dinh Ct cia mRNA cua P53 véi gia tri
Ct[T] 13 chu ky ngudng ctia khuéch dai mRNA ctia P53 trén 50 ng RNA tach chiét tir
16 té bao c6 thir chat X va Ct[C] 1a chu ky ngudng ctia khuéch dai mRNA cua P53 trén
50 ng RNA tach chiét tir 16 t& bao chimg khong c6 thir chat X. Néu hiéu qua PCR 1a dat
100 %, nghia 13 ctr sau mdi chu ky nhiét luong DNA ludn ting gip d6i (E = 2) thi ty 16

biéu hién gene P53 cua 16 t& bao c6 thir chat X so véi 16 chung sé& 1a:
Ty 1& biéu hién gene P53 [Thur/Chimg] = 2™

Vi dy, néu Ct[T] 1a 12, Ct[C] 1a 15, thi ty 1 biéu hién gene P53 cua té bao co thir
chit X so v6i té bao khong thir chat X 14 2072 = 2° = 8. C6 nghia la chat X dé lam cho

biéu hién P53 trén té bao ting gip 8 1an so v&i ching.

Dinh luong tuwong déi dua trén gene tham chiéu (reference gene)

Phuong phap dinh luong nay c6 thé ap dung trong dinh lugng tic nhan giy bénh
trong cac mau thir ma khong thé x4c dinh chinh xé4c sb lugng, hay la dinh lugng biéu
hién gene trong cac mé ung thu. C6 thé ap dung mot trong cac phuong phép sau day:

-AACt

Phuong phap 2 cua Livak

Phuong phép nay c6 thé dung dé nghién ctru biéu hién mot gene trong mau cay té
bao ung thu, so véi mau cy té bao binh thudng; hay ciing ¢ thé nghién ctru biéu hién
mot gene nao d6 trén ciy té bao cé thir chat giy ung thu X so voi cdy té bao khong thir
X nhu vi du trén. Trong phuong phap nay, nguoi lam thi nghiém s€ dinh lugng khong
chi gene can nghién ctru (Target = Tg) ma ca mot gene tham chiéu (reference = Ref)
tirc 13 gene ma cac nghién ciru trude dé da xac dinh 13 c6 biéu hién nhu nhau giita hai
mAau t& bao (Thu: t& bao ung thu hay c6 thir chat X, goi 1a mau T; va Ching: té bao
khong ung thu hay khong thir chat X, goi 1a mau C). Nhu vay tng véi mau T va mau C

s& co cac két qua dinh luong cho ca gene Tg va gene Ref qua céc thong sb:
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= Ct(T/Tg): 1a chu ky ngudng cia gene dich (Tg) trong mau thu (T),

- Ct(T/Ref): 1 chu ky ngudng cua gene tham chiéu (Ref) trong mau thir (T),

= Ct(C/Tg): 1a chu ky ngudng cta gene dich (Tg) trong mau chimg (C), va

= Ct(C/Ref): 1a chu ky ngudng ctia gene tham chiéu (Ref) trong miu chimg (C).

Duya trén cic thong sd nay, chiing ta s& thuong hoéa (normalized) chu ky ngudng
ctia gene dich trén mau thtr (T) va mAu ching (C) bang cach tinh hiéu s chénh léch Ct

cua gene dich vdi gene tham chiéu trén cac mau:

Mau thr: ACH(T) = Ct(T/Tg) - Ct(T/Ref)
Mau chtng: ACt(C) = Ct(C/Tg) - Ct(C/Ref)
Sau d6 s& thuong hoa ACt miu thtr bang hiéu sé chénh léch ACH(T) véi ACt(C)
AACt = ACHT) - ACH(C)
Tir d6 tinh ra ty 1& biéu hién ctia gene dich trén mau thr so voi mau chimg, néu
hiéu qua PCR cua ca hai déu dat 100%,1a R = B
AACt

Vi du sau day minh hoa cho phuong phép 2 cua Livak dp dung trong nghién
ctru biéu hién gene P53 trén cdy té bao budng trimg ung thu (T) so véi té bao budng
tring binh thuong (C). Ca hai déu dugc tach chiét RNA toan bo roi lay 50 ng RNA
dugc tach chiét dé 1am thir nghiém RT real-time PCR v&i 2 Tagman probe va moi dic
hiéu cho mRNA ctia P53 va ctia gene tham chiéu 1a GAPDH (céac nghién ctu trude do
chtng minh 14 GAPDH biéu hién khong khac biét trén mé binh thuong va mé ung thu).
Két qua trinh bay trong bdng 8 dudi day:

Bang 8: Chu ky nguéng clia gene P53 (Tg) va GADPH (Ref) clia hai mau cay té bao budng trirng ung thw (T) va
binh thuwong (C).

Mau céy té bao Ct P53 (Tg) Ct GAPDH (Ref)
Binh thwong (C) 15.0 16.5
Ung thw (T) 12.0 15.9

Véi cac két qua trinh bay trong bang 8 ndy, chiing ta s& tinh duoc

ACY(T) = CHT/Tg) - C(T/Ref) = 120 - 159
= 39

ACH(C) = Ct(C/Tg) - C(C/Ref) = 150 - 165
- 15

AACt = ACKT)- AC{C) = 39-(l15 = 24
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Tur @6 tinh ra ty 1¢ biéu hién ctia P53 trén mau thir so véi mau ching, néu hiéu qua
PCR cua ca hai déu dat 100%, la R = 209 = 353
C6 nghia 13 P53 & té bao ung thu biéu hién gip 5.3 1an & té bao binh thudng.

Phuong phap Pfaftl

AACt

Phuong phdp 277 cua Livak ap dung trén real-time PCR ma hi¢u qua PCR cua ca
hai gene dich va tham chiéu déu dat 100% tirc 1a E = 2. Néu hiéu qua PCR cua hai
gene khac nhau, gene dich (Tg) 1a E(Tg), va gene tham chiéu (Ref) 1a E(Ref) thi chung
ta phai sit dung mot cach tinh téng quat hon ctia phuong phap Pfaffl dé tinh ty 1& (R)
biéu hién cua gene dich trén mau thir so véi mau ching:
R _ F(Tg) C{CTeTTe) B (o) ACHCREETReD

Cong thirc nay that ra chi 1a dang tong quat cua cong thirc Livak, vi néu ca hai

gene déu c6 hiéu qua PCR 100%, tirc E = 2, thi cong thirc trén s& la:

R _ HACH(C/TE T/Tg) ;n ACHC/RET/ReN) ACH(C/Tg-T/Tg) - ACHC/Ref-T/Ref)

- [ACKT/Tg-C/Tg)] ~ [ACKT/Ref-C/Ref)] _ -AACt

Minh hoa bang cach 4p dung vao vi du trén, néu ca hai gene déu c6 hiéu qua PCR
1a 100% (E = 2) thi cong thure trén s€ dugc tinh la:
R _ 715-12/516.5-15.9
= 2°n% = 8152 = 53

Binh luong tuwong doi dira trén khéi lwong vit chii

Dé ¢6 thé dinh lugng dugc ty 1€ nhiém tac nhan virus gay bénh trén tom nhiéu hay
it thi phai xac dinh dugc lugng mau duoc thir nghiém. Do vay can phai c6 hai h¢ théng,
mot 1a hé théng thr dé dinh lugng dugc tac nhan virus gay bénh co6 trong mau tht, va
mot 1a hé théng tham chiéu dinh lugng dugc lugng mau dua vao thu nghiém. Voi

phuong phap real-time PCR thi théng sé dinh luong s& co6 dugc chinh 1a chu ky

ngudng (Ct), va ty 1é nhiém tac nhan virus gay bénh s& chinh 1a ty 1¢ % Ct cta duong
biéu dién khuéch dai ciia mot doan gene dac hi€u tac nhan dich (goi 1a Ct[T]) so véi Ct
cua duong biéu dién khuéch dai cua mot doan gene gilr nha hién dién trong bg gene vat

chu (goi 1a Ct[R]). Chung t61 dat tén ty 1¢ nay la IP (Infected pathogen).

Dbi v6i hé thong thir thi nguyén tic cua ki thuat real-time PCR 1a khuéch dai va

déng thot phat hién mot dpan DNA dac hi¢u tir bd gene cua tac nhan virus gay bénh
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nho st dung mot cap moi dic hiu va mot Tagman probe dac hi€u co gén chét phat
huynh quang FAM & dau 5° va chat hip phu huynh quang & dau 3’. Trong khi chay
PCR, mot khi c6 san phém khuéch dai dic hiéu xuét hién trong 6ng PCR thi tagman
probe dac hi¢u voi trinh tu dich s€ bat cap vao san phém khuéch dai va s& bi thuy giai
bdi men taq polymerase (nhd hoat tinh 5°- 3’ exonuclease) khi tong hop soi bd sung &
giai doan kéo dai. Su thuy giai tagman probe s& lam tach roi chat phat huynh quang
FAM ¢ dau 5° khoi chat hip phu huynh quang (quencher) & ddu 3° caa probe, nhd vay
6ng phan tng s& phat huynh quang khi nhin dugc anh sanh kich thich, va su phat
hilynh quang nay s& dugc ghi nhan bdi dau doc real-time cia may. Mau thir chira nhidu
ban dich ban dau s& c6 chu ky ngudng (Ct = chu ky ma dau doc realtime ctia may bat
dau ghi nhan dugc c6 tin hiéu hiynh quang trong dng phan (mg) phat hién sém hon la
mau thir ¢6 it ban dich. Ddi v6i hé thong chi thi thi cling twong tw nhu vay nhung mdi
va Tagman probe thi s€ dugc thiét ké dé dic hiéu cho mot gene gilt nha hién di¢én trong
bd gene cua vat chu. O day, dé tranh sy canh tranh 1an nhau gitra hai h¢ théng thor va
tham chiéu 1am cho su dinh lwong khong chinh xac, ching toi thiét ké hai hé théng nay
trong hai 6ng phan ung khac nhau, do vy ma Taqman probe ciia hé thong tham chiéu
cling s& sir dung cing mau phat huynh quang FAM & dau 5 gidng nhu Tagman probe

ctia hé théng thu.

Vi du dinh luong virus gdy do6 mang (GAV, Gill associated virus) nhiém trong
mAu tom bang bo thir nghiém RT qPCR phat hién va dinh luong GAV do coéng ty Nam
Khoa san xuat. Nguyén tic cua bo thir nghiém nay, 1a dinh lugng GAV dong thoi véi
dinh luong gene tham chiéu 1a cytochrome b cta tdm c6 trong mau dé xac dinh dugc ty
1¢ tdom nhiém bénh. Phuong phap thyc hi¢n la:

(1) Trude hét lay mot lugng tom thir nghiém khong can chinh xéac s6 luong, thuc
hién tach chiét RNA toan phan rdi dua vao tong hop cDNA véi mdi ngau nhién;

(2) Sau d6 thyc hién real-time PCR st dung Tagman probe va méi dic hiéu tuong
tmg cho GAV va cho gene cytochrome b. Két qua s& cho chiing ta Ct{GAV] cia GAV
va Ct[Cytob] cua gene cytochrome b. Ty 18 Ct{{GAV]/Ct[Cytob] cho biét ty 1& nhiém

GAYV trén mau tom.
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2. Xac dinh ty lé bién dbi oene (GMO, Gene Modified Organism) co trong méu

Loi diém chinh yéu ciia sinh vat bién ddi gene chinh 1a lam ting gia tri dinh dudng
va/hay khang lai sau bénh hay thudc diét co. Pau, bép, lta mi, lta va bong la céc cay
lwong thuc thuong duoc bién d6i gene nhat. Tuy c6 loi diém nhung mirc d6 an toan
van chua duoc biét rd nén nhiéu qubc gia doi hoi kiém soat ty 1 bién doi gene ciia sinh
vat va san phim cta né, va chinh do vy ma can phai c6 cac phuong phap chinh xac va
nhay cam dé 1am duoc viéc ndy. Cac phuong phap hién nay dang dugc st dung la
ELISA va PCR. ELISA tuong dbi r& va nhanh, nhung phuong phap PCR c6 loi diém la
nhay cam, va co thé dinh lugng dugc. Co s& cua PCR 1a dinh lugng mdt promoter
thudng c6 trong vector dé biéu hién dugc gene di chén vao vector ndy sau khi chuyén
gene vao sinh vat dich. Vi du dau bién doi gene dé khéng duogc thude trir ¢6 13 do nhan
dugc gene giup phuc hdéi mot dudng bién dudng acid amin thiét yéu vbén di bi
glyphosate pha huy. Pay chinh 1a gene enolpyruvylshikimate-3-phosphate synthase
(epsps) duoc o 1ap tir vi khudn c6 & dat, d6 1a Agrobacterium sp. dong cp4. Gene nay
dugc chén vao vector 1a virus kham stp-lo (cauliflower mosaic virus, CaMV) c6 mang
promoter 35S rdi chuyén vao cdy déu. Vector c6 mang promoter 35S nay rat thudng
dugc dung dé chuyén gene trong thuc vt 1a vi phd chuyén gene va biéu hién duoc
gene rat rong cho nhiéu loai cay. Ngoai ra promoter 35S ¢ trinh ti rat 6n dinh va duoc
biét r5. Chinh vi vay nén CaMV 35S promoter 1a ddi twong chinh yéu dung dé dinh
tinh va dinh luong ty 18 bién d6i gene trong cac sinh vat hay san phdm bién ddi gene.

Sau day 1a mét vi du dinh luong ty 1€ bién doi gene trong dau nanh dé minh hoa.

Pé thuc hién duoc thu nghiém, trudc hét phéi c6 cac mau chun tire 14 mau dau
nanh d co tréon thém dau nanh bién ddi gene theo ty 18 biét trudce tir 0% dén 5% (mua
tir Sigma). Gene dich dé dinh lugng 13 promoter 35S, gene tham chiéu 1a gene lectin
ciia dau nanh. Cac miu chuan va mau thtr déu dugc tach chiét DNA (ding bd tach
chiét DNA cho thuc vat, nhu bd DNeasy plant mini kit ctia Qiagen c6 thé tach chiét
duge 1-2pg tir 55-100mg san pham). Thuc hién real-time PCR (st dung SYBR hay
Taqman probe) dinh lugng hai gene trén mot luong nhat dinh DNA tach chiét duoc tir
cac mau thir va mau chuan. Két qua Ct dugc ghi nhin va trinh bay trong bdng 9. Biéu

d6 10 trinh bay mdi quan hé tuyén tinh giira ty 16 GMO% va ACt.

66



Béng 9: Chu ky ngudng clia S35 va lectin clia céac '109(0'\"0%)

mau chuan va ctia cac mau thir ] y =-0205x + 2481
Mau va chuén Ct(S35)  Ctylectin) ACt 0:6 i R*=0.9%
Chuén GMO 0.0% ND 24.40 ND 0.4
Chuén GMO 0.1% 35.96 24.30 1es o ACt
Chun GMO 0.5% 33.19 23.60 09.59 _0_2 ( 2 s ‘ ‘ | 12 14
Chuén GMO 1.0% 32.12 23.60 08.52  -04 -
Chu&n GMO 2.0% 31.34 24.00 07.3¢ 08
Chuan GMO 5.0% 29.76 23.80 05.96 0?
M3u 1 27.22 21.85 0537 4,
M&u 2 ND 20.73 ND Biéu d6 10: Biéu dd chuan méi quan hé gitra ACt

vaty 18 GMO

Tir ham sd twong quan y = -0.295x + 1.592 vé6i y 1a log(GMO%) va x 1a ACt,
chiing ta s& tinh duoc mau 1 v&i ACt 1a 05.37 thi ty 16 GMO% la 7.9%, con ctia mau 2
12 0-0.1%.

3. Phat hién khdc biét SNP va xdc dinh kiéu di truyén

San phém khuéch dai cta cac trinh tu dich c6 thé khac biét chi mot nucleotide, 201
la SNP, hay la c6 thé khac biét mot s6 nucleotide ciia mét trinh ty. Phat hién cac khac
biét nay nhiéu lac rat c6 y nghia, chan han phat hién dot bién khang thudc 13 phat hién
cac SNP, hay phan biét cac kiéu di truyén ciia cac tac nhan dich co trong mau thu 1a
cac bénh pham lay tir bénh nhan 1a phat hién cac trinh ty khac biét. Real-time PCR

hoan toan c6 thé img dung dé phat hién khac biét SNP va xac dinh kiéu di truyén.

V6i real-time PCR dung mau huynh quang chén 1am chit phat huynh quang thi
phai st dung mau HRM va phai thuc hi¢n chuong trinh phan tich HRM sau khi hoan
tat chuong trinh luan nhiét thi méi cé thé phat hién dugc khac bi¢t SNP va xac dinh

duogc kiéu di truyén (xem phan k¥ thuat phan tich phan giai cao nhiét do chay).

Vi real-time PCR dung probe lam chat phat huynh quang thi tiy su tién loi hay
quen thudc véi k§ thuat nao ma nha nghién ctru hay ngudi lam thi nghiém cé thé chon
phuong phap thich hgp véi minh. Vi du véi Tagman probe, dé phat hién su khac biét
SNP va dinh genotype, nha nghién ctru phai thiét ké cac Tagman probe (mang cic chét
phat huynh quang R khac nhau) bét cip trén cing vi tri cia san pham khuéch dai
nhung cac probe nay cé sy khac biét vé trinh tu tuong ung voi su khac bi¢t SNP hay

khac biét trinh tu gitip phan biét genotype. Trong giai doan bat cip thi probe c6 trinh tur
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tuong thich nhét véi trinh tu dich trén san phém khuéch dai s& bat cap lén soi dich va
s& bi Taq polymerase thuy giai, do vay dudng biéu dién khuéch dai trong ing v6i mau
huynh quang cta probe s& ngoc 1én va dén cuc dai trong khi tin hiéu cta cac mau
huynh quang khac s& vin nam dudi huynh quang nén vi cac probe twong Gmg van con
nguyén ven va khong bi thuy giai. Hinh 29 duéi ddy minh hoa co ché hoat dong cia
Tagman probe trong phat hién SNP hay genotype.
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Hinh 29: Minh hoa co ché hoat déng clia Tagman probe trong phat hién khac biét SNP hay genotype
voi probe R1 cho wild type va probe R2 cho kieu dét bien. Hinh trén chi co wild type. Hinh
gilra chi co dot bién, va hinh dwéi 1a heterozygote vira wild type, vira dot bién
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Phuong phap real-time PCR dung probe lai (FRET) cling dugc cac nha nghién cuu
str dung dé phat hién cac khac biét SNP va dic biét 1a khac biét genotype. Phuong phap
nay to ra vu diém hon phuong phap st dung Tagman probe trong phat hién cac khac
biét genotype, nhit 13 khi cac genotype cua tac nhan dich ngoai khac biét nhau vé trinh
tu dac trung con chira cac khac biét trinh ty do su khac bi¢t dong hay khéc biét vi dot
bién trong qua trinh phét trién (vi du HIV, HCV, HBV...). Ly do 1a rat khé thiét ké
dugc Tagman probe dic hi¢u cho mgt genotype vi ngoai trinh ty dac hiéu cho genotype
Taqman probe s& phai chta céc trinh ty bat cap voi cac trinh tu bién ddi va chinh diéu
nay sé lam cho hiéu qua bét cap cua Tagman probe dic hiéu cho genotype s& khong
cao, do vay két qua phat hién genotype s& khéng dic hiéu nhur mong mudn. Trong khi
d6 thiét k& probe lai s& d& dang hon, chi cin quan tdm dén trinh tu khac biét cho
genotype ma khong nhat thiét phai quan tdm dén cac bién doi trinh ty khac, vi cho du
c6 mang céc trinh ty bién doi ngoai trinh ty ddc hiéu genotype thi khi phén tich dinh
chay bang chuong trinh HRM thi mdi genotype s& biéu hién mot dinh chay dic trung
phu thudc chu yéu vao trinh tu dic hiéu cua genotype ma hai probe lai bit cip vao
(xem phan probe lai). Biéu dé 11 1a mot vi du cua ting dung probe lai trong phat hién

genotype ctia HCV bang real-time PCR dic hiéu ving 5°-NC.
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Biéu d6 11: Kiéu dinh chay twong (ng voi genotype HCV trong két qua phan tich dinh chdy san pham
khuéch dai cua real-time dac hiéu vung 5’NC va dung FRET probe (trich tir Clinical Chemistry
48:12)
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