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Abstract

The nopaline synthase terminator (7-ros) is a transcriptional termination sequence originally derived from
the Ti (tumor-inducing) plasmid of Agrobacterium tumefaciens, a well-known soil bacterium capable of
inducing crown gall disease in plants. In plant biotechnology, T-nos is widely employed as a functional
regulatory element in expression cassettes to control the transcriptional termination of transgenes in genetically
modified (GM) crops. The inclusion of 7-nos ensures accurate termination of transcription, leading to the
generation of stable and efficiently translatable mRNA transcripts, thereby enhancing the expression of the
target gene. Due to its high compatibility with plant expression systems and consistent performance across
diverse plant species, 7-nos has become a standard terminator in the design of plant transformation vectors.
The most frequently used method for detecting the presence of genetically modified material in food products
is the screening of specific deoxyribonucleic acid (DNA) sequences, notably the CaMV 35S promoter and the
T-nos terminator, using polymerase chain reaction (PCR) techniques. This study aimed to develop a real-time
PCR assay targeting an 84 bp fragment of the 7-nos sequence for the detection of GM material in milk-based
matrices, using a TagMan probe-based approach. Certified reference materials (CRMs) containing Roundup
Ready soybean (GTS 40-3-2) and NK603 events were utilized for method development and optimization. The
proposed method demonstrated high sensitivity, with a limit of detection (LOD) of 0.05%, and achieved 100%
specificity and accuracy. These results indicate that the method is highly reliable and effective for the detection
of trace amounts of GM-derived DNA containing the 7T-nos sequence in complex food matrices such as milk
products.
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Xac nhan phuong phap phat hién gen Nopaline synthanse terminator trong nén sita hang
ky thuat Real-time Polymerase Chain Reaction

Ping Thi Hrong, Pham Vin Quan, Thiéu Quang Thing, Pham Nhu Trong, Nguyén Thanh Trung
Vién Kiém nghiém an toan vé sinh thuc phcfm Quéc gia, Ha N¢i, Viét Nam
Tém tit
Nopaline synthase terminator (7-ros) 14 trinh tu két thic phién ma c6 ngudn gdc tir plasmid Ti (gay khbi
u) ctia Agrobacterium tumefaciens, dugc biét dén 1a mot loai vi khuan dat c6 kha ning gay khoi u trén thyc
vat. Trong linh vuc cong nghé sinh hoc thuc vat, T-nos duoc sir dung rong rai nhu mot thanh phan chirc ning
trong cac cassette biéu hién gen nham diéu khién hoat dong ctia cac transgene trong ciy trong bién doi gen.
Viéc st dung T-nos dam bao ring qua trinh phién ma dugc két thuc ding vi tri, giup tao ra cac phan tir mRNA
6n dinh va c6 kha nang dich ma hiéu qua, tir d6 tang cuong biéu hién cta gen muyc tiéu. Nho tinh twong thich
cao voi hé théng biéu hién trong thuc vat va kha nang hoat dong on dinh trong nhiéu loai cay khac nhau, T-nos
d3 tré thanh mot trinh ty két thuc chudn muec trong thiét ké vector chuyén gen thuc vat. Phuong phap duoc st
dung thuong xuyén nhét dé phat hién sy hién dién cua vat liu bién d6i gen trong cac thuc phém 1a sang loc
trinh ty Deoxyribonucleic acid (DNA) khéi dong CaMV 35S va trinh ty DNA két thuc nos dua trén ky
thuatPCR. Nghién ctru ndy nham xay dung phuong phap phat hién gen T-nos (84 bp) trong nén sita bang ky
thuat real time PCR két hop vai dAu do T-nos. Céc vat lidu tham chiéu duge chirng nhan c¢6 chira dau nanh
Roundup Ready GTS 40-3-2 va NK603 di dugc sir dung dé phat trién va toi uu héa phuong phap. Phuong
phéap dugc danh gia cé d§ nhay cao vai gidi han phat hién 1a 0,05%, 6 dac hiéu va d6 chinh xac déu dat 100%.
Tir khoa: realtime PCR, Nopaline synthase terminator, T-nos, GM.
1. PAT VAN PE
Trong nhitng nam gan day, mot s loai cay trong bién d6i gen di duoc chép thuan trong va thwong mai hoa
& nhidu quéc gia va khu vuc khac nhau. Nam 2018, dién tich trong cay trong bién d6i gen trén toan cau di dat
191,7 triéu ha. Trong d6, dau tuong, ngd, bong va cai dau bién doi gen chiém 99% tong dién tich ciy trong
bién doi gen trén toan cau, vai ty 1¢ dién tich tuong ung timg loai 1a 78%, 30%, 76% va 29% [1]. Nhan thirc
clia cong chung vé cdy trong bién ddi gen ngay cang gia ting song song v&i qua trinh phat trién va tng dung
rong rdi cia cac loai cdy trong nay trong nong nghiép. Dé bao vé quyén ctia minh, ngudi tiéu ding can duoc
biét san pham co chira sinh vat bién doi gen (Genetically Modified Organism-GMO) hay khong. Quy dinh vé
nhan thyc phdm bién ddi gen (Genetically Modified (GM) Label hoic GM) dugc thuc hién & nhiéu qudc gia.
Viéc dan nhén trén cac san pham c6 thanh phan GM 14 bt budc & mot s6 qudc gia, ching han nhu Lién minh
Chau Au, Nhat Ban va Han Quéc. Ngudng dan nhan lan luot 13 0,9; 5 va 3% [2]. Tai Viét Nam, Bo Khoa hoc
Cong nghé va Bo Nong nghiép va Phat trién Nong thon va Bé Khoa hoc cong nghé da ban hanh thong tu lién
tich s6 45/2015/TTLT-BNNVPTNT-BKHCN ngay 23/11/2015 vé huéng dan ghi nhan dbi voi thye phdm bién
d6i gen bao gbi san bat bujc phai dan nhin bang tiéng viét c6 ghi rd “bién doi gen”. San phadm dong goi sin
¢6 it nhat mot thanh phan nguyén liéu GM 16n hon 5% tong nguyén liéu duoc str dung déu phai ghi nhan khi
lwu thong tai thi trudng Viét Nam. Do d6, can phai giam st viéc tudn thi dan nhan GM. Thong thudng, trong
phan tich vat liéu GM, cic yéu t6 chuyén gen, trinh tu ndi gilta hai doan DNA lién k& va cac mdi ndi gitta bo
gen thuc vat va gen ngoai lai dugc stir dung nhu dich nham dé sang loc va phat hién c6 chon loc theo ciu tric
hoic theo ting sy kién chuyén gen cu thé. Mot trong nhimng yéu t6 chuyén gen dugc tmg dung phd bién va co
gi4 tri chan doan cao 14 trinh ty két thuc phién ma nopaline synthase (7-n0s)[3] 12 mot trong nhiing yéu t6
chuyén gen quan trong nhit. T-nos 1a mot trinh tu diéu hoa phién ma c6 ngudn gbe tir plasmid Ti (Tumor-
inducing plasmid) ctia Agrobacterium tumefaciens, mot loai vi khuan dat c6 kha nang gay u sung trén thyc vat.
Trong ty nhién, T-nos dam nhiém vai trd két thuc qua trinh phién mé cua gen nopaline synthase, gitup on dinh
phan tir mRNA va dam bao d6 chinh x4c ctia qua trinh biéu hién gen. Trong cong nghé chuyén gen thuc vat,
T-nos dugc tich hop nhu mot phan khong thé thiéu clia cau tric gen tong hop (transgene cassette), thudng nim
& vi tri 3' cua gen muc tidu nhim dam bao két thiic phién ma hiéu quéa va hinh thanh mRNA 6n dinh cho dich
ma. T-nos khong chi ¢6 chire ning sinh hoc rd rang ma con mang tinh bao ton cao, gitip cac nha nghién ciru dé
dang thiét ké cac cap moi dic hiéu dé nhan dién béng k¥ thuat PCR. Chinh vi vay, T-nos da tré thanh mét trong
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nhitng marker (chi thi) phé bién nhét trong cac chién lugc sang loc, xac dinh va xac nhan so bd vat liéu bién
dbi gen. Viéc phat hién sy hién dién ctia T-nos thong qua PCR — dac biét khi két hop vdi cac yéu t6 nhu
promoter CaMV 35S - cho phép nhanh chong danh gia xem mot mau thyc pham hodc cay trong c6 kha ning
chira GM hay khong, trudce khi thuc hién cac phan tich déac hi¢u theo su kién hodc dinh lugng nang cao. Tinh
phé bién cua T-nos trong cac dong cy trong chuyén gen thuong mai ciing gop phan cung c¢b gié tri cia nd nhu
mdt chi thi dau tién va dang tin cdy trong cac quy trinh kiém soat an toan sinh hoc va truy xuat ngudn gdc thuc
pham bién d6i gen. Dé giam sat sy hién dién cua cac thanh phan bién ddi gen, cac phuong phap phat hién thuc
pham bién ddi gen chu yéu bao gdm cac k¥ thuat dya trén protein va axit nucleic (DNA) [4 - 6].So véi cac
phuong phép phat hién dua trén protein, cac phuong phap dua trén DNA c6 nhiing wu diém rd rang vé d6 nhay,
d6 chinh xéc, thoi gian phat hién nhanh chéng va gia thanh phai chiang. Hau nhu tt ca cac phuong phéap ghi
nhan cua luat déu dua vao viéc phat hién dinh luong GM trong phong thi nghiém; do d6, viéc phat hién va xac
dinh céc san pham bién d6i gen phai dira vao cac phuong phéap phat hién nhay hon va thuén tién hon [7]. Hién
nay, tai Viét Nam da c6 mét s6 bo sinh phém ban thuong mai dugc phat trién nham phat hién sinh vt bién ddi
gen (GM) trong thyre pham, trong d6 nhiéu bo kit sir dung trinh tw T-nos 1am muyc tiéu phat hién chu yéu. S¢ di
T-nos duge lya chon 1 do mirc d¢ phd bién rong rai ciia nd trong cac dong ciy trong bién d6i gen thuong mai,
tinh bao ton cao, va kha ning khuéch dai hiéu qua bang k¥ thuat PCR. Tuy nhién, phan 16n cac nghién ctru va
b kit hién c6 méi chi tap trung vao cac san pham tir thuc vat, trong khi viéc phat hién GM trong cac san pham
tr dong vat nhu sira va ché phém stra van con it duoc khai thac & Viét Nam, di nhu cu thi truong dang gia
tang. Mot sb san phdm tir sira c6 thé gian tiép chira thanh phan tir cdy bién ddi gen, dan dén kha nang ton du
DNA GM trong san pham cudi cung. Trong bai bdo niy, chung t6i da chon T-nos lam trinh ty muc tiéu, st
dung phuong phép real time PCR két hop dau do (probe) dé sang loc nhanh T-nos trong qué trinh phat hién
GM trong cac san pham tir sita.
2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Pbi twong nghién ctru

Nhom nghién ctru tién hanh xay dung va thim dinh trén nén miu chuan, nén mau sira va ing dung vao 3
loai stra: sira ba“ip, sita dau nanh, sita twoi duoc thu thap ngau nhién tai cac ctra hang trén dia ban Ha Ngi.
2.2. Hoa chit, miu chuén
2.2.1. Héa chat chinh

TaqMan Universal PCR Master Mix (2X) (Thermo), B6 héa chét tach chiét DNA (TopPURE FOOD DNA
EXTRACTION KIT) (Viét Nam), Primer (IDT), Probe (IDT), dai dng realtime-PCR (Thermo), Ging tay cao
su khong bot (Viét Nam).

2.2.2. Mdu chudn

Céc mau chuan st dung trong nghién ctru bao gdm:

- Cac miu chuan ddi chiéu Chau Au ERM BCR va IRMM duoc san xuit va cung cép bai Directorate
General Joint Research Centre (JRC) bao gdm: Bt176 maize code BF 411f, MON 863 maize code BF 416dk,

GA 21 maize code BF 414fk, Btl1 maize code BF 412e, GTS 40-3-2 maize code BF 410 gk, NK603 maize
code BF 415f.

- Cac mau (cac nén mau nhu phu gia thuc phém, gao, dau dau nanh, nguyén liu thyc phém, thuc phém bd
sung thtrc ubng dinh dudng, sira bip, sita dau nanh) sir dung lam chimg 4m trong nghién ctru da duoc kiém tra
ban dau 1a khong phat hién thuc pham bién doi gen dua trén promoter 35s bang k¥ thuat realtime-PCR dang
duogc luru gitt tai Vién kiém an toan vé sinh thuc phém Quéc gia va dugc ma hoa, ky hiéu bao gém: 261; 445,
043; 851; 913; 446; 755; 876; 500; 685.

2.3. Thiét bi

Méy Real time PCR 7500 (Thermo), may do nong do DNA/protein Nanodrop 1000 (Thermo), may li tim
lanh Mikro 200 (Hettich), may phé v& té bao (Labnet), may lic xody vortex (IKA), spindown (Gene Reach),
Pipetman va dau tip cac kich ¢& 1-10 pL, 20-200 uL, 100-1000 pL (Eppendorf/Duc) va cac thiét bi phy tro
khac.
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2.4. Phuong phap nghién ctru
2.4.1 Phwong phdp tach chiét DNA

Mau duge dong nht, tach chiét DNA theo bo hoa chét tach chiét DNA (Toppure food DNA extraction kit)
(Viét Nam). Chét luong va s lugng DNA chiét xuat tir cac mau dugc ude tinh bang phuong phap quang phd
sir dung may quang phd Nanodrop 1000 ¢ d6 hip thu 260 nm (A260) va 280 nm (A280). D tinh khiét cua
DNA dqu xac dinh béng ty 16 A260/A280. Dung dich sau tach chiét c6 mat do quang ODsg tir 1,8 - 2,0 dugc
sir dung dé phén tich realtime-PCR.
2.4.2 Phwong phdp realtime PCR khuyéch dai gen dich

Mbi duoc tham khao theo trinh tw gen (T-nos tir Agrobacterium tumefaciens, c6 kich thudc 84 bp tir tic gia
Reiting et al., 2007 (JRC) [8, 9]. Trinh tu mdi dugc trinh bay trong Bang 1 va thanh phan phan tng va chu
trinh nhiét dugc trinh bay & Bang 2.

Bdng 1. Trinh tu cap moi ddc hiéu gen T-nos

Trinh ty mbi Kich thiroe o) dich  Tai liéu tham khio
: san pham i
Mbi xudi Tnos F: 5'-CAT GTA ATG CAT GAC
GTT ATT TAT G-3'
Moi nguoc Tnos R: 5'-TTG TTT TCT ATC GCG 84 bp. Tonos 8, 9]

TAT TAA ATG T-3'
Pau do Tnos P: 5'-FAM-ATG GGT TTT TAT
GAT TAG AGT CCC GCA A-TAMRA-3'

Bing 2. Thanh phan phan ieng va quy trinh nhiét gen T-nos [8, 9]

Thanh phan phan ng QuantiTect Probe PCR kit (Qiagen), 1X
2X
ADN khuén (100 — 200 ng) 100 - 200 ng
Mbi xubi (10 pM) 0,4 uM
Mai nguoc (10 pM) 0,4 uM
Pau do- P, 10 uM 0,1 uM
Thém nuée dén 25 uL
Chu trinh nhiét

Budc 1 Bién tinh ban dau 900 giay & 95°C

Budc 2 45 chu ki tiép theo gdm: 15 gidy & 94°C
Bién tinh 60 gidy & 60°C
Gén mdi

2.4.3 Tham dinh phirong phdp
Céc thong s6 bao gdm gidi han phat hién (LOD), d6 chinh xac (accuracy-AC, > 95%), d6 dic hiéu
(Specificity- SP, > 95%), dd nhay (sensitivity-SE, > 95%), dugc xac dinh dya trén cac cong thirc sau[10, 11]:

Trong do:

Do chinh xéc (Accuracy-AC):  AC = T2 x 100
o o . _ TP
Do nhay (Sensitivity-SE): SE = P 100
Do dic hiéu (Specificity-SP): sp=-—""_x100
TN+FP

TP (True positive): duong tinh ding
TN (True negative): am tinh dung
FP (False positive): duong tinh gia
FN (False negative): am tinh gia

N: tong s6 mau phan tich
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3. KET QUA VA BAN LUAN
3.1. Kiém tra sy khuéch dai cip mdi nopaline synthanse terminator va miu ngé khong chira gen nopaline
synthanse terminator (7-nos) (miu trfmg)

Nhém nghién ctru tién hanh 2 thi nghiém: thi nghiém 1- Str dung vat li¢u chuan NK603 (code BF 415d —
1% GM) dé kiém tra kha nang khuéch dai cua cip mdi ddc hidu cho gen nopaline synthase terminator (T-nos).
Thi nghiém 2- Tim miu ngd khong chita gen dich dé lam miu tring st dung cho cac thir nghiém tiép theo.
DNA tir ca hai mau dugc tach chiét theo muc 2.4.1 va tién hanh phan tmg khuéch dai theo muc 2.4.2.

Két qua tir Hinh 1 cho thay, thi nghiém véi vét liéu chuan NK603 xut hién duong cong khuéch dai dién hinh
véi gia tri Ct xap xi 31.12, chimg t6 sy hién dién cta gen T-nos trong mau. Nguoc lai, thi nghiém v6i mau ngd
khong chtra gen dich (méu tring) khong xuat hién dudng cong khuéch dai dién hinh, va gia tri Ct nam dudi
ngudng nén, cho thiy khong co tin hiéu khuéch dai, dong nghia véi viée gen T-nos khong hién dién trong mau.

Ampification Plat

B =
Cyele

s
Wrc [l s MAU TRANG

Hinh 1. Puong khuéch dai dién hinh ciia vit liéu chudan NK 603 va mdu ngé khong chiva gen dich
3.2. Giéi han phat hién ciia phwong phap (LOD)
Giéi han phat hién (LOD) cta phuong phap 1a mirc phan tich & mitc GM thap nhat ma & d6 c6 it nhat 95%
mAu phan tich ¢ két qua dwong tinh. Dé xac dinh LOD, tién hanh khao sat cac ham luong ADN bién ddi gen
khac nhau: 1%; 0,1%; 0,05%:; 0,01% dwoc dung lam khuén trong phan (g realtime PCR st dung cip mdi dic
hiéu két hop véi ddu do nhan gen nopaline synthanse terminator (T-nos). Két qua thu dwoc thé hién trong Hinh
2 va Bang 3.

Amplification Plot
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Hinh 2. Puong khuéch dai dién hinh ciia cdc mau ¢6 ham heong NK 603 khdc nhau (1%-0,01%).

Két qua tir Hinh 2 va Bang 3 cho thdy, tai ham lugng 0,01% ngudng chu ky Ct xap xi 37.35. Vi vy ham
lwong 0,01% duoc du doan 1a ham lwong thip nhat ma phuong phap c6 thé phat hién dugc gen dich. Bé xac
dinh gidi han phat hién, phan ung duogc 13p lai 10 lan tai ham lugng gen dich 1a 0,01%, nhung sb phéan ung
phat hién duoc gen dich khong dat > 95%. Vi thé, thi nghiém duoc 13p lai 10 1an v&i ham lugng gen dich 1a
0,05%. Két qua cho thdy, ti 18 % phat hién tai ham lwong gen dich 0,05% 1a 100%, v6i gia tri Ct trung binh la
35.27. Do vay, gidi han phat hién cta phuong phap (LOD) la: 0,05%.
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Bing 3. Gid tri nguéng chu ky (Ct) ciia cdc mau ¢6 ham lwong NK 603 khéc nhau (1%-0,01%).

STT Tén miu Ham lugng GM Gid t vl ngrdmg chu ky o n(g;f&:é tcrl:llil i;r) l(lr;“l];
(%) Lan 1 Lin 2 Ct)
1 NI 1% 30,66 30,69 30.68
2 N2 0,1% 33,55 33,82 33,69
3 N3 0,05% 34,29 35,07 34,68
4 N4 0,01% NA 37,35
5 N5 0% (NTC) NA

3.3. D§ chinh xac, d) dic hiéu va do nhay cia phuwong phap

Phan Gng Realtime-PCR dugc tién hanh nhim kiém tra sy hién dién cua gen dich T-nos trong cac mau
DNA di dugc ma héa. Tong cong c¢6 22 mau DNA (20 mau, 1 chimg duong, 1 NTC) duoc phan tich, 22 mau
chia thanh hai nhém chinh:

Nhém 1 — Méu am tinh véi gen dich T-nos: Gom 10 mau DNA duoc xac dinh khong chira gen dich, bao
gbm cac mau c6 ma so: 445, 043, 876, 851, 913, 446, 685, 755, 500, 261.

Nhém 2 — Mau dwong tinh véi gen dich T-nos: Gom 1 chimg duong, 1 NTC va 10 mau DNA trong do6: 4
mau 13 vat liéu chuin c¢6 chtra gen dich bao gém: MON 863, GA21, Btl1, GTS 40-3-2 va 6 miu la cac mau
am tinh thudc nhém 1 da duoc "spike" (b6 sung) DNA chuan NK603 (chtra gen dich) & nong do 4,91% va 1%,
bao gom: SP 755, SP 876, SP 500, SP 261, SP 445, SP 043.

Gié tri Ct ciia 2 nhém mau trén dwoc thé hién trong Béng 4.

Bing 4. Gid tri chu ky ngudng (Ct) ciia 2 nhém mau nhém 1 va nhém 2

STT Tén miu Gia tri ngwong chu ky (Ct)
Nhém 1: 10 mau DNA am tinh véi gen dich
1 445 NA
2 043 NA
3 876 NA
4 851 NA
5 913 NA
6 446 NA
7 685 NA
8 755 NA
9 500 NA
10 261 NA
Nhém 2: 10 mau DNA dwong tinh véi gen dich, 1 chirng dwong, 1 NTC

11 SP775 30,60
12 SP876 28,06
13 SP500 31,99
14 SP261 29,98
15 MONS863 27,60
16 GA21 27,63
17 Btl1 32,08
18 GTS 40-3-2 30,74
19 SP445 27,55
20 SP043 22,50
21 NTC NA
22 Chung duong NK 603 1% 29,73
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Két qua trong Bang 4 cho thay: ddi véi nhém miu DNA duong tinh véi gen dich-nhém 2: 10 mau duong
tinh v6&i gen dich T-nos déu c6 duong cong khuéch dai dién hinh. Trong khi d6, di véi nhém mau DNA am
tinh v6i gen dich-nhom 1: 10/10 méu khong c6 dudng cong khuéch dai dién hinh. Két qua cho thiy phuong
phap Realtime-PCR str dung cip mdi ddc hiéu két hop voi dau do c6 kha nang phat hién chinh xac sy hién dién
ctia gen T-nos c6 chira trong mau. Do chinh xac, dd dic hiéu va do nhay ciing da duoc xac dinh duya trén cong
thire trinh bay trong 2.4.3 va c6 gia tri déu bang 100%.

3.4. Gi6i han phat hi¢n (LOD) trén nén miu sira ngdé bé sung miu chuin cé gen nopaline synthanse
terminator (7-nos)

Mau ADN tach chiét tir sita ngd khong chtra gen T-nos dugc bd sung thém chuan gen T-nos thanh cac miu
¢6 ham luong bién d6i gen (GM) khac nhau. Sau d6 khao sat & cac ham lugng GM: 1%; 0,1%; 0,05%, 0,01%.
Két qua thu duoc thé hién trong Bang 5.

Bing 5. Gid tri nguéng chu ky (Ct) trén nén sita ngé bé sung ham lwong mau chudn NK 603 khdc nhau
(1%-0,01%).

i Ham lugng GM Gia tri ngudng chu ky Gia4 tri trung binh
STT Tén mau % ) . (CY) . ngudng chu ky (TB
Lin 1 Lin 2 Ct)
1 Nmtl 1% 30,18 30,02 30,10
2 Nmt2 0,1% 32,93 33,52 33,22
3 Nmt3 0,05% 34,33 35,86 35,10
4 Nmt4 0,01% 37,53 NA
5 Nmt5 0% (NTC) NA

Két qua tir Bang 5 cho thay, tai ham lwong 0,01% ngudng chu ky Ct x4p xi 37,53 va “khong xéac dinh”. Vi
vay gidi han phat hién dugc xac dinh tai ham lugng gen dich 1a 0,05%. Dé xac dinh gi6i han phat hién, mau
ADN tach chiét tir sita ngd khong chira gen T-nos dugc b sung chudn c¢6 chira gen T-nos v6i ham luong tuong
duong 0,05% GM va thuc hién lap lai 10 1an. Két qua cho thay trong 10 1an lip lai, phan tmg dat 100% duong
tinh nén mau sira ngd, véi Ct trung binh 14 35,741.

3.5. Phan tich miu thye té

Kiém tra c6 mat hodc khong c6 mit cac mau sita c6 chira gen dich T-nos dugc thu thap trén thi truong Ha
Noi. Céc loai sita: sita bap (10 mau), sita dau nanh (9 mau), sira tuoi (5 mau) duoc thu thap ngau nhién tai cac
cura hang trén dia ban Ha Noi Bang 6.

Bing 6. Danh sich cac mau sita ngé, sita ddu nanh, sita twoi thu thip trén thi truong

STT Tén Mai héa Thanh phén chinh

1 Sita bap non 180 11500  Nudc, bap non (100 g/L), duong kinh, bot sita (28 g/L), chat béo

mL thuc vat, maltodextrin, chat xo hoa tan, chét 6n dinh, huong li¢u
téng hop, chét tao mau, mudi, vitamin.

2 Sirangd 26021  Khong cong bd

3 Sitangd 26022  Khong cong bd

4  Sitangd 26023  Khong cong bd

5  Sita dau nanh 26024  Khong cong bd

6 Stra ddu nanh 26025 Khéng cong bd

7  Sitangd 04031  Khong cong bd

8  Sitangd 04032  Khong cong bd

9 Sira hat: 9 loai hat 04033 Stra hat (94,4%) (stra chiét tir hanh nhan nghién, stra chiét tir dau
it duong 180 mL nanh nguyén hat, nudc, dau thyc vat, dau phong nghién, chiét xuét

déu do, bot yén mach, chiét xuét hat 6c cho, chiét xuat dau den,
chiét xuat dau xanh, chiét xuat dau trang) duong (4,7%) chat nhii
hoa, khoang chat, huong liéu tong hop, mudi an, vitamin, chat diéu
chinh d¢ axit.

10 Sirangd 04034 Khong cong bd
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STT Tén M3 héa Thanh phén chinh
11 Stra hat dau nanh 04035 Stra chiét tir hat dau nanh nguyén hat (63,8%), nudc, duong (6%),
dau do it duong chiét xuat dau do (16,6 g/L), dau thuc vat, chat nhii hoa, sita bot
180 mL dira, nguyén liéu tong hop, mubi an, vitamin.

12 Sita ddu nanh twoi 04036 Dich trich tir hat dau nanh (50,3%), nudc, stta tuoi (10%), dudng,
dau thyc vat, chat on dinh, calci carbonat, huong dau xanh va
huong vani téng hop ding cho thyc pham, chat diéu chinh d acid,
muodi an, vitamin.

13 Sita hat ddu nanh 04037 Stra chiét tur hat dau nanh nguyén hat (48,5%), nude, duong (5%),

6c cho it duong dau thyc vat, dau phong nghién, chiét xuat hat 6c ché (5,1g/L),
180 mL mudi an, nguyén li¢u téng hop, chiét xuét cac loai dau, vitamin,
chét diéu chinh db axit.

14  Sitta twoi thanh 04038 Sira bo twoi nguyén chat (93,5%), duong, huong liéu tu nhién

trung Dalat milk (huong dau), mau tu nhién carmin.
huong dau

15 Stta dau nanh 04039 Dich trich tu hat ddu nanh (71%), nudc, duong, chét nhii hoa,

super soy nguyén huong liéu tong hop dung cho thuc pham, chat diéu chinh d6 acid,
chat mudi an.

16 Sita tuoi thanh 040310  Sira tuoi (97,4%), dudng (2,5%), huong sita tong hop dung cho

trung it dudng thuc pham.
Moc Chau

17  Sita twoi nguyén 06031 Stra tuoi 100%

chit thanh tring
khong duong Moc
Chau

18  Sita tuoi tiét tring 06032  Sira hoan toan tir sita b tuoi (97%), duong (2,8%), chat 6n dinh

it duong TH

19  Siia tuoi tiét truing 06033 Stra tir 100% sita tuoi (97,1%)/ Fresh milk (97.1%), duong (2,7%),

it duong chat 6n dinh* (471, 460(i), 407, 466), vitamin (A, D3), khoang
chat/ mineral

20  Sitangd 17031  Khong cong bd

21  Sitangd 17032 Khong cong bd

22 Sitangd 17033 Khong cong bd

23 Sttadaunanh Fami 17034 Nuée, dich trich tir ddu nanh hat (40%), duong (8,5%), Calci

canxi 200 mL (0,18%), chat 6n dinh, diu dau nanh, huong liu giong tu nhién
dung cho thyc phadm, vitamin, khoang chit, mudi an, chat diéu
chinh d6 acid.

24 Sita dau nanh Fami 17035 Dich trich tor ddu nanh hat (96,2%, nudc, déu nanh hat), duong

green soy it duong
200 mL

(3,5%), chét 6n dinh, huong li¢u giéng tu nhién dung cho thuc
pham, muoi dn.

Khao sat 6 mau dugec ma hoa nhu sau: 11500; 26021; 26022; 26023; 26024; 26025. Két qua dugc thé hién

nhu Bang 7.
Bing 7. Gid tri nguong chu ky (Ct) ciia 6 mau thuc véi gen dich T-nos.
STT Tén ma miu Gi4 tri ngudng chu ky (Ct)
Lan 1 Lan 2

1 NTC NA

2 Chirng duong NK 603 1% 30,22

3 26021 NA NA
4 26022 NA NA
5 26023 NA NA
6 26024 NA NA
7 26025 NA NA
8 26026 NA NA
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Két qua cho thiy 6 miu thu thap dau tién déu khong chira gen T-nos. Do d6, khao sat 18 mau tiép theo ma
hoa bao gom: 04031; 04032; 04033; 04034; 04035; 04036; 04037; 04038; 04039; 040310; 06031; 06032;
06033, 17031; 17032; 17033; 17034; 17035 chung t6i s€ tién hanh vira phan tich mau thue két hop véi thém
mau chuén vao timg nén miu thuc dé danh gia anh hudng ciia nén mau thyuc gen nghién ctru (T-nos). Két qua
duogc thé hién nhu Béng 8.

Bing 8. Gid tri ngudng chu ky (Ct) ciia 18 mdu thue va mau thém chudn véi gen dich T-nos.

L Gia tri nguong chu ky (Ct)
STT Tén ma mau N N
Lan 1 Lan 2
1 NTC NA
2 Chung duong NK 603 1% 29,28
3 spike04031 30,27
4 04031 NA NA
5 spike04032 31,35
6 04032 NA NA
7 spike04033 29,70
8 04033 NA NA
9 spike04034 31,19
10 04034 NA NA
11 Spike04035 29,49
12 04035 NA NA
13 Spike04036 30,00
14 04036 NA NA
15 Spike04037 29,48
16 04036 NA NA
17 Spike04038 30,71
18 04038 NA NA
19 Spike04039 29,21
20 04039 NA NA
21 Spike040310 30,68
22 040310 NA NA
23 Spike06031 29,29
24 06031 NA NA
25 Spike06032 29,37
26 06032 NA NA
27 Spike06033 29,36
28 06033 NA NA
29 Spikel17031 30,92
30 17031 NA NA
31 Spike17032 31,71
32 17032 NA NA
33 Spike17033 29,96
34 17033 NA NA
35 Spike17034 30,40
36 17034 NA NA
37 Spike17035 30,90
38 17035 NA NA
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Két qua tir Bang 8 cho thay, trong 18 mu thu thap dugc, két qua cho thay trong toan bo chu ky khuéch dai
béng Real-time PCR, khong c6 mau nao xudt hién tin hiéu khuéch dai dic hiéu dbi voi trinh tu T-nos. Khoéng
ghi nhan gia tri Ct hodc Ct > 36, cho thfiy khong c6 sy hién dién cua trinh tw muyc tiéu trong cac mau thir
nghiém. Do d6, c6 thé két luan rang tat ca 18 mau thyc pham khao sat déu am tinh v6i gen T-nos. Két qua phan
tich cho thiy nén mau khong gy anh huong dén hi¢u qua phan tmg PCR, cu thé khong ghi nhén tin hi¢u
khuéch dai khong dic hiéu trong cic phan g va dudng baseline 6n dinh trén toan bd chu ky, khong c6 tin
hiéu gia hodc nhiéu nén, dam bao d6 chinh xac cua dir liéu phat hién. Vé kiém soat qua trinh phan tng, mau
dbi ching am (NTC) khong xuét hién khuéch dai, xac nhan khong c6 hién twong nhiém chéo hoic nhiém hoa
chat. Mau ddi ching duong (chira gen T-nos) khuéch dai thanh céng v6i dudong cong huynh quang sigmoid
dién hinh va gia tri Ct pht hop, ching t6 qué trinh phan tmg va cac thanh phan hoa chat hoat dong 6n dinh va
chinh xéc.

3.6. Ban luian

Viéc giam sat sy hién dién cia vat lidu bién doi gen trong thyc pham 1a yéu cau quan trong trong bdi canh
ngdy cang nhiéu san pham bién d6i gen dugc thwong mai héa toan cau. Ky thuat Realtime-PCR hién dang 1a
phuong phap duoc lya chon phd bién trong phat hién GM nhd vu diém vuot trdi vé do nhay, do dac hiéu, thoi
gian phan tich nhanh va chi phi hop ly [7]. Trong nghién ctru nay, ching t6i da xac nhén thanh cong phuong
phap phat hién gen T-nos, mot trong nhimng yéu t6 chuyén gen phd bién nhat trong cay trong bién ddi gen
thuong mai, trén nén mu thyuc phém la 3 loai sira: stta bép, stta dau nanh, sira tuoi.

Két qua cho thay, phuong phap dat giéi han phat hién (LOD) 1a 0,05%, véi d6 chinh x4c, dd nhay va do
dic hiéu dat 100%. Cac gia tri nay hoan toan dap tng tiéu chi tham dinh phuong phap qudc té theo Codex
Alimentarius (CAC, 2010) [11]. Khi so sanh vdi cac nghién ciru trude d6 nhu nghién ctru ciia Grohmann et al.
(2007) [12] c6 gidi han phat hién 1a 0,1%, va nghién ctru cua Leimanis et al. (2008) [13] dat 0,045%, dac biét
1a khi ap dung dugc trén nén sita thuc té, trong khi mot sb nghién ctru chi ding lai & nén tinh khiét, két qua cua
chung t6i chimg minh murc d6 nhay twrong duong, ddng thdi cé wu thé 1a dwoc trién khai thanh cong trén nén
mau thyc té thay vi chi 1 mau DNA tinh khiét.

Mot diém ndi bat khac 1a kha nang chiu nhiéu nén mau ctia phwong phép t6t. Trén 24 mau sita ¢ ngudn
gbc khac nhau, bao gdom sira bap, sita dau nanh va sira twoi thu thap trén thi trudng Ha Noi, phuong phap khong
ghi nhan khuéch dai gia, nhiéu nén hodc tin hiéu khong dic hiéu. Cac mau dugc thém chuén gen T-nos (spike)
déu cho tin hiéu khuéch dai ro rang, khéng dinh tinh n dinh va tinh 18p lai cao cua phan ing PCR. Diéu nay
rat quan trong vi nén sita chira nhiéu thanh phan nhu chat béo, protein, polysaccharide c6 thé gay e ché phan
trmg PCR néu phuong phap khong dugc t6i wu tt (Zhou et al., 2016) [4].

Ngoai ra, viéc khong phat hién tin hiéu gen T-nos trén toan bd 24 mau sita khao sat cho thdy cac san pham
nay khong chira hodc chira duéi ngudng phat hién DNA bién ddi gen. Tuy nhién, véi xu hudng sir dung nguyén
lidu tir cAy bién ddi gen lam thirc an chin nudi va nguyén liéu ché bién ngay cang phd bién, viéc duy tri hé
thdng sang loc chii dong va nhay bén nhu phuong phép nay 1a hét stc can thiét dé dam bao tinh minh bach va
an toan thyc pham (Holst-Jensen et al., 2003) [3].

Tuy T-nos 1a mot chi thi thong dung trong chién luge sang loc GM, phuong phéap nay ciing c6 thé duge mé
rong Kkét hop véi cac muc tiéu khac nhu promoter CaMV 35S hodéc cac trinh ty ddc hi¢u theo sy kién chuyén
gen (event-specific junctions) dé tang d6 chinh xac va kha nang dinh danh ngudn gdc (Cottenet et al., 2013)
[5].

Toém lai, phuong phap phat hién gen T-nos bang ky thuat real-time PCR trong nghién ctru nay da dugc
chimg minh ¢ hiéu qua cao, tmg dung tdt trén nén thyc pham thyc té, phi hop dé sir dung trong giam sat nhan
GMO, kiém nghiém thyc pham, va quan 1y an toan sinh hoc trong bbi canh Viét Nam hién nay.

4. KET LUAN

Nghién ctru da xdy dung thanh c6ng phuong phap phat hién gen Nopaline synthanse terminator bang k¥
thuat Real-time PCR trén nén mau chuan va nén mau sita ngd. Phuong phap cho két qua 6n dinh, do nhay cao
(LOD = 0,05%), va dat 100% d6 dac hi€u, do chinh x4c va do nhay, déng thoi khong bi anh hudng bdi nén
mAu phtc tap. Két qua khao sat 24 mau thuc phim thu thap tir thi truong Ha Noi cho thdy khong phat hién sy
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hién dién cia gen T-nos, khing dinh tinh tmg dung thuc tién cao ctia phuong phap trong giam sat GMO va
dam bao an toan sinh hoc thuc phém.
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