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TOM TAT

Nghién ctu va Umg dung coéng nghé gen ¢ cac nude chau A, dic biét 1a ba quc gia Trung Quoc
Nhat Ban va Han Qudc, di dat duoc nh1eu thanh tuu va dugc 4p dung trong nhiéu linh vuc cia doi song
x4 hoi. Béi véi linh vue y duogce, cac qudc gia tap trung nghién ctru chin doan ung thu, bénh truyén nhiém
va bénh di truyén bang cac ky thuat phan tir lién quan dén PCR, giai trinh tu gen thé hé méi; thir nghiém
1am sang diu tri bang liéu phap gen va nang cao bién phap phong bénh bing cic loai vaccine cai tién
nhu vaccine tiéu don vi hay vaccine DNA. Bén canh d6, nhitng nghién ciru tham do dugc tién hanh trén
té bao hay phéi ngudi su dung k¥ thuat chinh stra gen CRISPR/Cas9 véi hy vong tim ra phuong phap moi
dé diéu tri bénh di truyén va ung thu. Trong linh vyc nong nghiép, nhidu quoc gia ¢ chau A khong dung
ngoai xu thé nghién ctru va cap phép thuong mai cic giong cdy trong bién dbi gen cho phép str dung lam
thyc phdm, nguyén liéu ché bién va thirc an chan nudi. Céc tinh trang duoc bién ddi chi yéu 1a khang sdu
bénh, khang virus, chiu dugc thudc diét co, chiu han, chiu man va tdng ham luong dinh dudng. Nhin
chung, téc do phat trién va ung dung cong nghé gen ¢ cac qudc gia nay tlen bd vuot bac so vdi cac nude
khéac ¢ chau A, , nhung van con han ché so v6i Hoa Ky, Canada va mot sé quéc gia & chau Au. Vi vay,
m01 quéc gia cin dinh hudng chinh sach va dau tu phu hop dé ing dung nhing cong nghé sinh hoc tién
tién trén thé gii gop phan cai thién chét lugng cude séng con ngudi.

Tir khéa: PCR, gidi trinh ti gen thé hé méi, hé thong chinh sira gen CRISPR/Cas9, liéu phdp gen, vaccine,

cdy trong bién doi gen
MO DAU

Cong nghé gen 1a mot phin quan trong cia
cong nghé sinh hoc hién dai, cho phép truc tiép stra
d6i vat liéu di truyén, thay d6i cdu truc cta té bao
dé tao ra cac sinh vat cai tién hodc sinh vat moi,
mang cic tinh trang méi theo ding nhu cau. Trén
thuc té, nhiéu thanh tyu nghién clru clia cong nghé
gen da duoc ap dung da dang vao cac linh vuc nhu
ndéng nghiép, y dwoc va méi trudng. Sy phat trién
vuot bic ctia cong nghé di mo ra thoi ky phat trién
cua cac nghién ctru giai trinh ty toan bg hé gen, cac
linh vuc khoa hoc omics va cac chuong trinh
nghién cuu lién quan tao ra cac ung dung va san
pham khoa hoc cng nghé c6 gié tri cao. Thi trudng
di truyén hoc, dya trén cac ung dung, dugc phan
chia thanh céc thi phan chin doan, tim kiém va phat
trién thude, y hoc c4 thé, phap y, nghién ctru nong

nghiép va dong vat. Cac nha kinh té du doan thi
truong di truyén hoc s& tang tir 12,44 ty USD vao
nam 2015 1én 19,99 ty USD vao nam 2020 voi
dong goép 16n nhét dén tir Bic My, tiép theo 1a chau
Au, chau A - Thai Binh Duong va phan con lai cta
thé gidi. Cac qudc gia chau A, dic biét 1a Trung
Qudc, Nhat Ban va Han Quéc, dd va dang tip trung
nghién ctru va phat trién cong nghé gen trong sudt
15 ndm qua. Quan trong hon, cac khia canh ung
dung cua cong nghé gen dd nhan duoc nhiéu su
quan tim va dau tu tich cuc ¢ ca khu vyc nha nudc
va tu nhan, din dén viéc thanh lap nhiéu cong ty
chuyén mén trong céc linh vyc lién quan dén y hoc
va nong nghiép. Muc dich cua tong quan nay la
danh gia hién trang cong nghe gen trong linh vuc y
duoc va nong nghlep & chau A, cu thé tap trung vao
ba qubc g1a c¢6 nén cong nghé sinh hoc phat trién la
Trung Quéc, Nhat Ban va Han Quéc.



TRUNG QUOC

Nghién ciru phat trién va ing dung cong nghé gen
trong linh vuc y dugc

Hién nay, Trung Quoc la mot trong nhiing qudc
gia phat trién hang diu cta chau A vé linh vuc khoa
hoc cong nghé ung dung trong y hoc. Do nhan dugc
sw ung ho va dau tu dang ké tir chinh phu va cac tap
doan 16n, cac nha khoa hoc Trung Quéc tip trung
ddng thoi nghién ctru co ban va tng dung, tao ra
nhidu thanh tyu ndi bat so v6i cac nudc trong khu
vuc. Ké thira dit liéu, trinh ty hé gen cua 1092 ca thé
tir 14 quan thé dan sb thudc cac qudc gia khac nhau
trén thé gidi voi lugng 16n céc bién thé di truyén (Dy
an 1.000 hé gen str dung cong nghé giai trinh tu gen
thé hé mai, next generation sequencing - NGS), cac
nha khoa hoc ctia Vién Gen hoc Bic Kinh, thudc
Vién Han 1am Khoa hoc Trung Quéc, da xay dung
Co s6 dir liéu hé gen ngudi Trung Quéc ty dong
(Virtual Chinese Genome Database - VCGDB) trén
co s0 dif liéu trinh ty toan by hé gen cia 194 ca thé.
Qua phan tich va xir Iy dit liéu, VCGDB da cung cap
thong tin di truyén gom 35 triéu bién thé nucleotide
don (single nucleotide variants - SNVs), 0,5 triéu
indels va 29 tri¢u bién thé hiém cing v6i thong tin
chu giai vé gen (Ling et al., 2014). Gan déy, cac nha
khoa hoc Trung Qudc 1an dau tién dd mo ta nghién
clru trén phoi ngudi khong thé phat trién thanh ngudi
dugc (nonviable human embryo) dé bién d6i mot gen
lién quan dén bénh thiéu mau di truyén thalassaemia
bang cong nghé CRISPR/Cas9. Trong nghién ctru
nay, gen P-globin ndi sinh (HBB) dugc phan cit
trong hgp tir ba nhan (tripronuclear (3PN) zygote).
Tuy nhién, hiéu qua cua viéc sira chira theo co ché
tai to hop twong dong tryuc tiép (HDR) ciia HBB thép
va phéi duoc chinh sira & dang thé kham. Hon nita,
gen delta-globin ndi sinh (HBD), tuong ddng vdi
HBB, canh tranh véi cac oligo ngoai sinh dé hoat
d6ng nhu mot khudn mau stra chira, din dén cac dot
bién khéng mong mudn (Liang et al., 2015). Thir
nghiém tht hai trén phdi nguoi dugc cac nha khoa
hoc Trung Quéc thyc hién nham tao té bao mién dich
nguoi khang HIV-1, 1am cho lugng virus HIV xubng
mirc khong thé phat hién dugc & it nhat mot ca thé.
Bing cach tiém dong thoi Cas9 mRNA, gRNA va
DNA ngudi cho, allele dot bién CCR5432 ty nhién
da dugc chuyén thanh cong vao cac phoi ngudi 3PN
& giai doan sém. Gen dot bién s& thay thé protein
CCRS5 theo cach ngan can virus HIV xam nhap vao
té bao T dich gdy nhiém. Phan tich di truyén cho
thdy 4 trong 26 phoi nguoi di duge bién ddi thanh
cong. Tuy nhién, khong phai tét ca cac nhidm sic thé
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clia phdi déu chira dot bién CCR5432. Mot sb phoi
¢6 chira CCR5 chwa dugc bién ddi, trong khi mot s6
khéc lai c¢6 cac dot bién indel khac (Kang et al.,
2016). Nam 2016, cac nha khoa hoc Trung Quéc da
tién hanh thir nghiém 1dm sang diu tién s dung
phuong phép chinh stta gen CRISPR cho bénh nhan
ung thu phodi t& bao khong nho, di cin, khong dap
{ing hoa tri, xa tri hay bat ky liéu phap nao. Cac té
bao T dugc tach tr mau bénh nhéan, sau do st dung
CRISPR dé loai bo gen ma hoa protein PD-1 c6
chtrc ning diéu hoa dap ung mién d1ch cua té bao T
dé ngan chidn ching tin cong céc té bao khoe manh.
Céc té bao T di chinh stra gen PD-I nay dugc nhan
ban va dua vao mach mau cua bénh nhan véi hy
vong c6 thé tAn cong va tiéu diét bénh ung thu
(Cyranoski, 2016).

Trong 20 nam qua, cong nghé chan doan phan tir
lam sang da phat trién nhanh chong va trg thanh linh
vuc hira hen nhét trong y hoc thyc nghiém 1am sang.
Do xét nghiém bénh truyén nhiém la ¢mg dung 16n
nhét va lugng 16n cac xét nghiém PCR cho cac bénh
truyén nhiém dwoc thuc hién ¢ Trung Quéc st dung
cac bo kit chan doan san xuét trong nude, thi truong
chan doan phan tir cua Trung Quoc dang ngay cang
mé rong. Nhiéu nghién ctru cai tién cac ky thuat dya
trén PCR co ban ciing dugc Trung Quoc phat trién
nhanh chéng dé kip thoi phat hién nhiéu loai bénh
truyén nhim nguy hiém va co tinh lay lan cao.
Phuong phép real-time PCR duoc thiét ké dya trén
vung ITS-2 cua ribosomal DNA Necator americanus
dé tién hanh diéu tra dich t& hoc vé tinh trang nhiém
giun moc N. americanus cho két qua nhanh, nhay va
chinh xéc hon phwong phap PCR truyén théng hay
soi du6i kinh hién vi (Wang et al., 2012). Nghién
ctru cdc nhiém trung co hoi (opportunistic infections
- OIS) hé than kinh trung wong ¢ nhimg ngudi séng
chung véi HIV tai Trung Quéc, ky thuat real-time
PCR dich ndo tity véi cac mdi ddc hiéu phat hién
trén 54 bénh nhan nhiém HIV cho thiy duong tinh
d6i voi DNA cua cytomegalo virus (CMV),
varicella-zoster virus (VZV), Epstein-Barr virus
(EBV), human herpes 6 virus (HHV-6) va John
Cunningham virus (JCV) (twong ung 1a 22,2%;
3,7%; 1,9%; 1,9%; 1,9%). Phuong phap chin doan
xac dinh mam bénh nay giup cai thién viéc chin
doan OIS lién quan dén AIDS & cic nudc dang phat
trién (Yang er al., 2017). La qubc gia dang phai ddi
mat vdi thach thac 16n trong viéc phuc vu luong dan
s mic bénh hiém 16n nhat thé gidi, nim 2013 Trung
Quéc da khoi dong dy an thi diém dau tién cua minh
nhiam thiét 1dp mot trung tm xét nghiém di truyén
phan tir tap trung vao 20 bénh hiém gip dai dién.



Tap chi Cong nghé Sinh hoc 16(1): 1-18, 2018

Céc cong nghé NGS co thé cung cip sang loc di
truyén nhanh, toan dién va tiét kiém chi phi cho cac
bénh di truyén va di dwoc 4p dung thanh cong
trong chan doan di truyén mot s6 bénh hiém gap.
Budc dau, 9 gen don va 7 phan tich dya trén NGS
bao phu 15 bénh hiém gip s& dugc phat trién dé hd
trg cac dich vu chan doan di truyén phan tir (Cui et
al., 2014). Nho su phat trién 1y thuyét va 1am sang
cua y hoc hién dai, liéu phap gen da tré thanh mot
chién luoc diéu tri déy htra hen cho bénh ung thu va
cdc bénh di truyén khac. Mot sb thir nghiém 1am
sang vé liéu phap gen di dugc thuc hién ¢ Trung
Qudc tir nam 1998, tir d6 nghién ctu y khoa &
Trung Quéc phat trién rat manh. Thu nghiém 1am
sang giai doan I ciia vector adenovirus tai t6 hop
biéu hién p53 duoc thye hién tir nam 1998 dén nam
2003 tai bén bénh vién ¢ Béc Kinh va dugc cho 1a
khoi ddu cua lidu phép gen ¢ Trung Qudc. Nim
2003, Cuc Quan ly Thyc phim va Duwgc pham
Trung Qudc (State Food and Drug Administration
of China - SFDA) di phé duyét thudc thir liéu phap
gen diu tién va Trung Qudc da tré thanh nudc dau
tién chdp thuan mot san phim liéu phap gen cho
céc ung dung lam sang. Adenoviral p53 tai to hop
(hay rAd-p53, Gendicine™ san xuit boi ShenZhen
SiBiono Gene Tech, Shenzhen, Trung Quée) la
adenovirus serotype 5 tai to hop cua nguoi, trong
d6 cac viung El duoc thay thé bang mot ciu trac
biéu hién WT p53 ciia nguoi. Téng cong co 16 thir
nghiém 1am sang c6 kiém soat cua rAd-p53
(Gendicine™) di duoc thyc hién dé didu tri nhitng
ung thu kho, bao gém ung thu ddu mach cd, ung
thu biéu mé té bao gan, ung thu phdi té bao khong
nho NSCLC, u 4c tinh va ung thu biéu mé budng
tring. Nhin chung, két qua cua céc thir nghiém 1am
sang hién nay kha t6t voi ty 1& dap ung tong thé va
ti 1& song s6t & cac nhom diéu tri rAd-p53 tt hon
s0 voi cac nhom ddi chung (Li ef al., 2017). Bén
canh do, vector oncolytic adenovirus c6 kha nang
nhan ban 1a san phdm liéu phap gen thir hai trén thé
giéi dugc Trung Qudc thong qua. Liéu phap nay
dugc thtr nghiém lam sang giai doan II trén 123
bénh nhan ung thu va cho ty 1& dap tng tong thé 1a
78,8% khi diéu tri két hop véi hoa tri lién quan dén
phac dd cisplatin/5-fluorouracil, trong khi diéu tri
don thuan bang cisplatin/5-fluorouracil chi cho ty 1&
dap tng 39,6% (Xia et al., 2004). Oncorine (H101)
- mét oncolytic adenovirus bi loai bo vung gen E/B
va mot phan E3 - duge SFDA cap phép sir dung két
hop véi hoda tri liéu nhu 1a mét phuong phép diéu
tri cho bénh nhan ung thu vom hong giai doan cudi.
T ndm 2000 dén nam 2004, 228 bénh nhan voi 13

loai ung thu biéu mé dwge chon loc tur giai doan I
dén giai doan III, cho tién hanh thw nghiém lam
sang voi H101. Ty 1€ bénh nhan c6 dap Gng lam
sang rd rét ciia nhom két hop H101 véi héa tri lidu
(73%) cao hon so v6i nhom chi dung hoa tri liéu
(40%) (Yu, Fang, 2007; Shi, Zheng, 2009). Ngoai
Oncorine, thudc tiém adenovirus tai to hop nhim
khéi u (H102) va oncolytic adenovirus tai t& hop
(H103) ciing dwoc phét trién dé diéu tri ung thu.
H102 dic biét huéng dén ung thu biéu mé té bao
thugng than nguyén phat. Adenovirus H103 ly giai
céc té bao khdi u va biéu hién Hsp70 c6 thé kich
thich manh mé& dap tng mién dich khang khdi u
(Kaptein et al., 2010).

Chinh phu Trung Quéc di va dang dau tu va
tang cudng tai trg dé nghién ciru cac bénh truyén
nhiém, 4p dung cong nghé hién dai de tao ra
vaccine thé hé méi, day manh san xuat vaccine
nham phat trién nganh cong nghiép vaccine tai dia
phuong cua Trung Qudc. Két qua nghién ciru
protein tai t& hop cum (rtHSHA) khang
hemagglutinin (HA) cua virus cim gia cam H5N1
cho thdy rH5SHA c6 kha ning cam tng dap ung
mién dich dich thé va kéo dai hon 6 thang (Liu et
al., 2013). Virus cim gia cdm nhém J (Avian
leukosis virus - ALV-J) cling dugc ngén chan hiéu
qua bang 2 loai vaccine tai t6 hgp rMDV/ALV-
gagtenv va tMDV/ALV-env, dugc tao ra béng
céach chén gen gagtenv hodc env vao gen US2 cla
Marek’s disease herpes virus (MDV) (Liu et al.,
2016b). Viéc bao vé chéng lai nhidm trung lao
Mycobacterium tuberculosis dugc tao ra boi mot
loai vaccine tiéu don vi da phan tor méi st dung 5
khang nguyén biéu hién & cac giai doan khac nhau
(Rv1813, Rv2660c, Ag85B, Rv2623 va HspX) cua
M. tuberculosis dugc chiing minh c6 kha nang lam
ting s6 lugng té bao T CD4" IFN-y'IL-2" va IFN-
y" CD8" (Wang et al., 2015b); va td hop protein
ESAT6-Ag85B-MPT64190_198-Mtb8.4 (EAMM) +
Mtb10.4-HspX (MH) cho hiéu qua diét vi khuén
lao trong phdi va la lach twong dwong vdi vaccine
BCG (Xin et al., 2013). Nhin chung, cac san pham
vaccine ctia Trung Qudc khong chi dam bao phong
ngira va kiém soat bénh truyén nhiém ¢ trong
nudc ma con dap Gng nhu ciu vé stc khoé cong
dong qudc té. Trong nhitng nam gan ddy, nho vao
su tién bo trong cong nghg, nhiéu nghién ctru kip
thoi tai thoi diém dich bénh bung nd va tao ra cac
loai vaccine méi nhim lam ting hiéu qua dap ung
mién dich va giam rui ro sau khi tiém phong cho
con nguoi va vat nudi.



Nghién ciru phat trién va ing dung cong ngh¢ gen
trong linh vue nong nghiép

V6i chinh sach wu tién phat trién cong nghé sinh
hoc nong nghi€p ngay tr nhitng nam 1970, cay
Iwvong thyc va bong da dugc tip trung nghién ctu.
Trong Chién luoc phat trién khoa hoc va cong nghé
qudc gia trung va dai han (2006 - 2020), cac giéng cay
trdng (la, la mi, ngd va bong) va vat nudi (lon, gia
stic va ciru) duge dau tu nghién ctru. Myc tiéu 1a chon
tao dwoc cac gidng mang nhiing tinh trang méi nhu
khang con trung, khang bénh va chéng chiu duogc cac
diéu kién bét loi (khang han va khang mgn), ting
cuong ham lugng chét dinh dudng. Dé kiém soat siu
bénh, Trung Québc dong vai tro tich cuc trong viéc
phat trién va Gmg dung cong nghé di truyén vao cay
trdng va da phat trién hang chuc dong lia va ngd bién
d6i gen biéu hién cac protein diét con trung tir vi
khuén dat Bacillus thuringiensis (Bf). Cac dong lta Bt
nay co thé dugc chia thanh ba loai nhu sau:

(i) Cac dong chira mot gen Bt don nhu cryldb
trong cac dong Kemingdao (KMD) va mfb-MHS86;
crylAc trong AC-1, E10, va E54; cryIC trong T1C-19
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va C-54; cry2A4 trong T2A-1, T2A-2, T2A-3, va T2A-4;
va cry9C trong 9C-1, 9C-2, 9C-3, 9C-4 va 9C-5;

(ii) Chua mét gen Bt dung hgp, nhu gen hop
nhét crylAb/IAc trong TT51-1 (Huahui 1), TT9-3 va
Bt Shanyou 63; va gen crylAb/vip3H trong G6H-1,
G6H-2, G6H-3, G6H-4, G6H-5 va G6H-6;

(iii) C6 chira cac gen diét con trung nhu crylAc
va CpTI (cowpea trypsin inhibitor) cai tién & MSA,
MSB va Kefeng6.

Ngoai ra, mot sé dong lua Bt da gen chuyén, vi
du gen bar chiu dugc thudc diét co va Xa2l dé
khang bénh. Trong lta Bt, cac promoter co dinh nhu
ubiquitin va actinl dugc sir dung rong rii dé biéu
hién gen Bt, két qua 1a cac protein Bf dugc biéu hién
trong toan bo cay. Tuy nhién, dé giam rui ro tiém 4an
vé kha nang khang Bt cua cac loai con tring va mdi
lo ngai vé an toan cua ngudi tiéu ding, cic promoter
ddc hiéu mé bit dau duoc sir dung dé phat trién cay
laa Br. Dién hinh 1a cdc promoter ddc hiéu mé xanh
o lta rbeS va pGreen dugc st dung tuong Gng trong
cac dong lta RJ-5 va S21.

Dién tich trong béng GM: ~3.9 triéu ha

Téng dién tich trong bong: ~4,2 triéu ha

Hinh 1. Dién tich tréng béng bién ddi gen (GM) & Trung Quéc nam 2014.
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Viéc phat trién ngd Bt bit ddu vao cudi nhiing
nim 1980 & Trung Qudc, nhung chuyén dong tuong
d6i cham trong giai doan diu. Qua trinh nay tién
trién t6t hon trong thap ky vira qua, dic biét 1 sau
khi bit ¢iu Chwong trinh Pa dang cac sinh vét bién
d6i gen (GMOs) quoc gia méi trong nam 2008.
Gidng nhu lta By, tat ca cac dong ngd Bt phat trién &
Trung Qudc biéu hién gen cryl va/hodc cry2 nhim
diét sau Lepidopteran. Hau hét cac dong ngd Bt chira
mot gen Bt don, vi du crylAc trong dong BT-799 va
Zhengdan958K, crylle trong 1E09S034 va crylAh
trong G186. Mot s6 dong ngd Bt chira gen Bt dung
hop nhu cryldb/cry24j & Shuangkang 12-5 va
crylAh/crylle trong HIF21. Ngoai ra, c6 mot sb
dong ngdé Bt chita da gen epsps, bar hodc G10evo-
epsps, do @6 biéu hién ca kha ning khang sau bénh
va chiu dugc thude diét co. Cac ky thuét thong qua
vi khudn Agrobacterium, sting ban gen va ong phén
hoa thuong duogc sir dung dé chuyén gen cho ngé Bt.
Céc promoter dugc sir dung trong ngd Br chu yéu
bao gdm pZmUbi-1 (Zea mays polyubiquitin-1),
P355 va CaMV 35S (Liu et al., 2016a).

Trung Quéc 1a qudc gia canh tic cay trong cong
nghé sinh hoc ding thir tim trén thé gii vé dién tich
(2,8 triéu ha) (James, 2016). Tuy nhién, viéc canh tac
cdy trong bién ddi gen duoc phé duyét trén co so
ting tinh. Phan lon cac chimg chi an toan sinh hoc
trong gieo trdng cép phép cho cac gidng bong Bt
khang con trung (GK12, SGK321) phat trién trong
nude. Nam 2014, dién tich trong bong bién ddi gen
chiém 3,9 triéu ha, dat 93% tong s0 dién tich trong
bong tai Trung Quéde. Cac g10ng cay trong dang
trong qua trinh khao nghiém dong ruéng bao gdm
ng6 khang con trung, ngd c6 ham lugng lysine cao,
lta mach khong nay mam trudc thu hoach va dau
tuong khang con tring. Ké hoach 5 nam lan thir 13
vé Sang kién Khoa hoc va Cong ngh¢ Qubc gia
(FYP 13™) do Hoi déng Nha nudc ban hanh vao
thang 8/2016 cho thay Trung Qudc sé& thuc day viée
thwong mai hoa cic san pham chu chét, bao gdm
bong Bt, ngdé Bt va dau tuong chiu dugc thude diét
¢6 (Kim, 2016). Hinh 1 trinh bay cac dién tich trong
bong bién ddi gen (GM) & Trung Qudc nam 2014
(Puette, 2016).

Trung Qudc ciing 1a qudc gia di dau trong
nghién cru cong nghé sinh hoc trén dong vat. Kinh
phi tai tr¢g khoa hoc va cong nghe cha chét cua
Trung Qudc danh cho viéc nhin giéng céc gidng
cong nghé sinh hoc méi dua ra trong nam 2008 da

hd trg nghién ciru dong vat bién doi gen bao gom lon,

gia stc va ctru. Trung tdm Nghién ctu Cong nghé

dong vat bién ddi gen Qudc gia dugc thanh lap tai
bai hoc N6i Mong vao thang 9/2012 nhim cai thién
gidng vat nudi méi va chin nudi ¢ Trung Quoc dong
thoi tao diéu kién cho viée gido duc cong ddng veé
cong ngh¢ chan nudi gia suc. Nghién ciru chu yeu
tap trung vao phat trién dugc pham, nang cao khoi
luong va chit luong san Xuét sira, cai tién chét lugng
thit va len. K& tr nam 2015 tr6 lai day, voi sy phat
trién manh mé& cua cong cu chinh sira hé gen bang hé
thong CRISPR/Cas9 ¢ Trung Qudec, nhiéu nghién
ciru tao dong vat bién d6i gen duogc tién hanh tht
nghiém trén dé, ciru, lon, khi va ché. Wang va dong
tac gia (2015a) v6i muc dich cai thién hiéu suit cta
dé cashmere vé kha niang cung cip thit va soi
cashmere, 2 gen myostatin (MSTN) va fibroblast
growth factor 5 (FGF5) dugc chon dé thuc hién dot
bién. Theo nhiéu nghién ciru, mat chirc ning MSTN
la nguyén nhan gay ra kiéu hinh tang khéi co va dot
bién FGF5 giup tang chiéu dai 16ng & mot sé dong
vét ¢6 vi. Do d6, MSTN va FGF5 dugc chon dé tao
dé cashmere bién ddi gen véi ca hai gen bi gian doan
boi hé thong CRISPR/Cas9. Nhom nghién ciru da
thanh cong khi dong vi tiém cac phéi giai doan mot
té bao véi Cas9 mRNA va sgRNA dich toi hai gen
trén, dan dén mot hoic ca hai gen bi gian doan. Hiéu
qua hudng muyc ti€u ciia MSTN va FGF5 trong cac
nguyén bio sgi so cip nudi cdy 1én dén 60%, trong
khi hiéu qua lam gian doan MSTN va FGF5 & 98
dong vat thi nghiém 1an lugt 1a 15% va 21%, va 10%
d6i voi su bién d6i cho 2 gen (Wang et al., 2015a).
Bén canh do, ch6 beagle bién ddi gen ciing duogc tao
ra voi ky thuat tuong tu nhim cai tién nghiép vu an
ninh san bay, hai quan va cac nhiém vu dac biét khac.
Gen MSTN tc ché co bip duge x6a trong phdi cd
hinh thai binh thuong nhd vi tiém hén hop Cas9
mRNA va MSTN sgRNA. Thanh cong ctia nghién
clru di tao ra hai con chd beagle bién dbi gen
“Hercules” va “Tiangou”; trong do qua trinh chinh
sira gen cua Hercules khong hoan chinh (mot phin
co clia Hercules vAn tao ra myostatin), nhung
Tiangou dugc chinh sira hoan toan tao ra kiéu hinh
khac biét 16 rét so vdi chd binh thuong & cung do
tudi (Zou et al., 2015). Mic du Trung Qubc khong
phai 1a noi nghién ctru ra ky thuat CRISPR nhung da
tré thanh qudc gia tich cuc sir dung cong nghé nay.
Ké thira nhitng thanh tyu dat dugc trong cong cudc
nghién cu tao ra dong vat bién d6i gen, cac nha
khoa hoc Trung Qudc huéng muyc tiéu tim hiéu cach
tiép can dé tao ra mo hinh cho bi bénh & ngudi phuc
vu cho nghién ctru y sinh hoc nhu bénh Parkinson va
chung loan dudng co; hay moé hinh linh trudng bénh
dé hiéu rd hon cac tinh trang ciia con ngudi nhu



bénh ty ky, bénh tdm than phan li¢t va bénh
Alzheimer (Tu et al., 2015). Tuy dugc dau tu 16n va
¢6 nhitng nghién ctru tién tién, Trung Qudc van chua
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cip phép thuong mai hoa bat ky loai gia stc nhan
ban hodc dong vat bién doi gen va cac san pham co
nguon goc tir dong vat cong nghé sinh hoc.

Hinh 2. Dong vat bién dbi gen bang k§ thuat CRISPR/Cas9 & Trung Quéc. (A) Ciru bién dbi gen 30 ngay tudi (Wang et al.,
2015a); (B) Cho beagle bién ddi gen Hercules va Tiangou (Zou et al., 2015).

NHAT BAN

Nghién ciru phat trién va ing dung cong nghé gen
trong linh vuc y dugc

Cong nghé gen, cu thé 1a k¥ thuat giai trinh ty
gen, dugc Nhat Ban quan tam va dau tu nghién ctru
trong nhiéu du 4n quéc té va trong nuge. T khi
cong nghé gen bét dau phat trlen Nhat Ban da tham
gia vao nhidu du an quéc t& vé genomics,
epigenomics va cac omics khac. Trong Dy an Hé gen
ngudi, Vién RIKEN tham gia thyc hién giai trinh ty
mot phﬁn nhim sic thé 11, 18 va 21, trong khi
Trudng Pai hoc Keio giai trinh ty mot phan nhidm
sdc thé 2, 6, 8, 21 va 22, gitp Nhat Ban dong gop
xac dinh 6% toan bd trinh tu hé gen nguoi. Nam
2002, Dy 4n HapMap Qudc té phat trién mot ban do
haplotype cua hé gen nguoi v6i myc tiéu la lp ban
dd va hiéu cic mo hinh da dang di truyen chung
trong hé gen ciia con ngudi, nhim day nhanh viéc
tim kiém céc nguyén nhan di truyén cia bénh &
ngudi (Thorisson et al., 2005). Trén co s& do, Bo
Gi4o duc, Van hoa, Thé thao, Khoa hoc va Coéng
ngh¢ Nhat Ban (MEXT) da tai tr¢g cho cac nhom
nghién ctru Nhat Ban tham gia dy an. Vién RIKEN
va Pai hoc Tokyo da thuc hién dugc 24,3% hé gen
clia nhidm sic thé 5, 11, 14, 15, 16, 17 va 19 bang k§
thuat SNP (single nucleotide polymorphlsm)
genotyping. Trong Hiép hoi Hé gen Ung thu Qubc té
(International Cancer Genome Consortium — ICGC),
Nhat Ban dan diu nghién ciru ung thu gan - ung thu
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biéu mé té bao gan (c6 lién quan dén virus). Muc
dich cia ICGC 1a nghién ctru su thay dbi gen ¢ nhidu
dang ung thu va tao ra cic danh muyc toan dién vé
chc gen bat thuong & cac khdi u tir 50 loai va phan
loai ung thu khac nhau. Nhat Ban da c6 ging lam
sang to nhimng thay d6i sinh dudng toan dién trong
hé gen (dot bién, tai td hop va thay dbi sé lugng ban
sa0), ngoai h¢ gen/ epigenome (methyl hoa) cua cac
khdi u va hé gen phién ma cua virus li€n quan dén
ung thu biéu mo té bao gan (gdm HBV va HCV)
(Zhang et al., 2011). Gan day vao thang 4/2016, Uy
ban Pao dic sinh hoc cua chinh phu Nhat Ban da
phé duyét viéc chinh sira cac gen tir t& bao trimg
nguoi da dugc thy tinh bing ky thuat CRISPR/Cas9
dé phuc vu nghién ctru co ban, tim ra cac gen chiu
trach nhiém cho giai doan phat trién som. Piéu nay
¢6 thé gitp cac nha nghién ctru phat trién phuong
phap diéu tri cic bénh bam sinh va cai tién cong
nghé lién quan dén sinh san.

Thi truong chin doan in vitro cia Nhat Ban tri
gi4 3 ty USD vao nim 2014 va du kién sé& dat 3,91 ty
USD vao cudi nam 2020. Téc do tang truong cua thi
truong nhanh 1a do mot so yéu t6 gop phan nhu gia
tang nhanh 50 nguoi méc bénh man tinh va bénh
truyén nhiém, tién b cong nghé, dan sb gia va sy ra
doi ciia cac chan doan xét nghiém tai chd. Tong
nganh céng nghiép chin doan phan tir dugc chia
thanh 4 linh vuc chinh: bénh truyén nhiém, ung thu
hoc, réi loan di truyén va dugc dong hoc. Xét vé mat
cong nghé, cac ky thuat dua trén PCR thong thuong,
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dac biét 1 real-time PCR va cac giai phap tu dong dé
phuc vu cho ) luvong 16n, duoc uwu tién st dung
trong chan doan bénh. Tiép theo 1a cac phwong phap
giai trinh ty gen thé hé moi dang dan dan xam nhap
vao thi trwong Nhat Ban (Frost, Sullivan, 2017).
Nhiéu nghién ctu danh gia chit lugng ciia cac
phuong phéap chan doan bénh lao, bénh viém gan do
hepaptitis B virus (HBV) cho thdy phuong phap
nested PCR 1am tang d6 nhay va d¢ dac hiéu dang ké
khi khuéch dai DNA so véi PCR mét bude thong
thuong (Takahashi et al., 2013; Naito et al., 2001).
Dbi voi bénh cam, real-time PCR dinh luong, real-
time PCR siéu téc va nhan ban DNA ding nhiét
(gom k¥ thuat khuéch dai déng nhiét qua trung gian
cu trac kep toc - LAMP va k¥ thuét giai trinh tu gen
thong qua nhén ban gen - NASBA) gop phan vao
viéc chin doan va dinh type nhanh chong va d& dang
hon (Sakurai, Shibasaki, 2012). Bén canh d6, su xuat
hién cua cong ngh¢ NGS da cho phép phan tich mot
cach co hé théng va toan dién nhiéu gen, voi kich
thudc khac nhau cta cac hoi ching di truyén cd dlen
nhung c6 céc triéu chimg khong dién hinh. Mot sb
d6t bién gen khong dién hinh nhu dot bién FBNI cua
hoi chimg progeroid bdm sinh (Takenouchi et al.,
2013), dot bién MAP2K2 trong hoi chimg gidng
Noonan-cafe au lait syndrome (Takenouchi et al.,
2014a), dot bién SOX9 trong hoi chimg gidng
Stickler syndrome (Takenouchi et al., 2014b), dot
bién gen NFI ctia hoi ching réi loan chirc ning than
kinh dém loai 1 (Maruoka et al., 2014), dot bién gen
CHM & bénh mit thi gisc do khiém khuyét trén
nhidm sic thé X (Shimizu ef al., 2015) va nhidu bénh
di truyén khac. Cong nghé gidi trinh ty gen con 1a
cong cu hura hen trong viéc phén tich nguyén nhan
phan tir va co ché toan dién vé ung thu. Bang cach so
sanh trinh ty doc cuia hé gen khéi u va hé gen binh
thudng tuong tmg cua bénh nhén, cd thé xac dinh sy
thay doi h¢ gen sinh dudng bao gom cac dot bién,
thay d6i s6 lugng ban sao va tai sip xép cdu tric hé
gen. Giai trinh tu hé gen phién ma (Whole-
transcriptome sequencing — WTS) ¢6 thé danh gi4
hiéu qua cic gen dot bién giy ung thu (oncogenes)
duoc biéu hién, dic biét 1a céac gen hop nhét trong
khdi u. Ngoai ra dé danh gia biéu hién gen nhu phén
tich microarray thong thuong, WTS ciing c6 thé xac
dinh RNA khong ma hoa va cac bién thé ghép ndi
sau phién ma, phan loai hodc giai thich chitc nang
clia cic gen dot bién do qua trinh splicing hay cac

didu hoa ngoai di truyén (epigenetic) (Shibata, 2015).

Tinh dén nay, c6 kha nhiéu nghién ciru duge cac bac
sT va khoa hoc Nhat Ban tién hanh su dung NGS qe
tim ra cac dot bién gen chirc nang hay dot bién

khang thudc cua nhiéu loai ung thu nhu ung thu va
va budng trimg (Hirotsu ef al., 2015), ung thu phdi
(Masago et al., 2015), ung thu tuy (Kameta et al.,
2016), u tuy (Ikeda et al., 2015).

Viéc 4p dung cong nghé gen trong diéu tri bénh
thé hién rd nhat thong qua liéu phap gen va nghién
ctru hé gen dugce hoc. Mic du Nhat Ban 1a mot quéc
gia phat trién, tién bd vé& khoa hoc va cong nghé
nhung van c6 ty 1¢ twong ddi thap trong linh vuc lidu
phap gen, do quan diém bao thi cta co quan quan 1y
Nhat Ban cling nhu do sy do du cua cac cong ty
dugc pham trong viéc tham gia vao cong nghé méi
nay. Cac thir nghiém 1am sang v& lidu phap gen &
Nhat Ban da phat trién du6i anh huong manh mé cta
cac thir nghiém & Hoa Ky va chau Au. Thir nghiém
liéu phap gen dau tién ciia Nhat Ban dugc Bo Y té va
Phtc loi chép thudn cho mot bénh nhan suy giam
mién dich két hop trim trong va khiém khuyét
adenosine deaminase. Cac nha nghién ctu tai Pai
hoc Hokkaido diéu tri cho bénh nhan bé‘mg vector
retrovirus  nhdp khiu tr Genetic Therapy
(Gaithersburg, MD), str dung cung quy trinh cua
nhém Anderson ap dung. K& tir 1an thir nghiém dau
tién nay, dén nay c6 58 thir nghiém lam sang da
duoc chip thudn; trong d6 c6 37 truong hop ap dung
cho bénh ac tinh va 21 trudng hop cho bénh bim
sinh hodc bénh khong ac tinh (Tani, 2016). Nghién
ctru hé gen dugc hoc dong vai tro quan trong trong
dap tmg thudc. Cac bién thé di truyén trén hé gen cua
cac bénh nhan s& cho dap ung khac nhau trong viéc
hap thu thudc, phan bd, chuyén hoéa va dao thai
(absorption, distribution, metabolism and excretion -
ADME). Dong thoi, cac thy thé gin két voi cac phan
tr thudc ciing khac nhau giira cac bénh nhan. Pay
cling 1a mot cong cu didc bi€t quan trong trong su
phat trién y hoc ca thé. Cac cong ty Nhat Ban da
thanh 1ap T chirc Pharma SNP vao nim 2000 véi
muc dich tién hanh nghién ctru dugc dong hoc vé da
hinh gen Nhat Ban trong ba nam. Cac nghién ciru cu
thé xac dinh SNP trong gen lién quan dén dugc dong
hoc, tan sudt xuit hién SNP & ngudi Nhat, va phan
tich biéu hién va chitc ning ciia protein dang dot
bién tao ra dudi anh huéng cua SNP. Nam 2009,
Hiép hoi Khoa hoc dit li¢u PGx Nhat Ban (JPDSC)
duoc thanh 1ap boi 6 cong ty duwgc phim hang dau

cuia Nhat nhu Astellas Pharma, Otsuka
Pharmaceutical, Daiichi Sankyo, Taisho
Pharmaceutical, = Takeda  Pharmaceutical va

Mitsubishi Tanabe Pharmaceutical. Hi¢p hoi nay
nham myc dich xay dung mot co s& dfr liéu DNA
cho thudc tao ra cho nguoi Nhat dé kiém tra phan



ting bit loi, hiéu qua va an toan cia thudc. Trong
giai doan ddu, 1.000 miu ddi chimg da dugc xéac
dinh kiéu gen
(http://www.jpdsc.org/english/jpdsc2.html).

Su ra doi ctia ky thuat di truyén da anh huong
nhanh chong dén tién b trong cong nghé vaccine.
Trén thyc té, cong nghé vaccine ciia Nhat Ban khong
phat trién manh nhu ctia Hoa Ky, nhung ciing tién bo
s0 Vi cac nude khac trong khu vuc chau A. Nhidu
nhém nghién ctru khoa hoc vé mién dich phén tir ctia
cac vién, truong ¢ Nhat Ban dd va dang thyc hién
cac nghién ciru co ban, thir nghiém tién 1am sang va
lam sang cho nhiéu loai vaccine thé hé méi. Gan day,
nhom nghién ctru cia Trung tdm nghién ciru dong
vét bac cao Tsukuba thuéc Vién Sang kién Y sinh
hoc Québc gia da tién hanh danh gia hiéu qua cia
vaccine phong bénh lao niém mac méi bang cach thu
nghiém virus cum trén nguoi parainfluenza loai 2 tai
t6 hop (thPIV2) & chudt BALB/c. RhPIV2 14 virus
khong du kha nang nhan ban (da loai bo gen M) va
duoc gin véi Ag85B (rhPIV2-Ag85B) bing cong
nghé di truyén nguoc. Viéc sir dung rhPIV2-Ag85B
trong rudt gdy ra dap tmg mién dich dic hiéu
Mycobacterium tuberculosis va chudt dugc ching
ngira cho thiy c6 sy giam déng ké s6 lugng CFU ctia
M. tuberculosis trong phdi va 1a lach. Ngoai ra,
thPIV2-Ag85B c6 hoat tinh tw bd trg théng qua thu
thé retinoic acid-inducible gene I gitip nang cao hiéu
qua cua vaccine (Watanabe ef al., 2014). Nhiing phat
hién ndy mo ra tiém ning cia rhPIV2-Ag85B nhu
mdt vaccine bénh lao méi. Virus hgp bao ho hip
(respiratory syncyt1a1 virus — RSV) 1a nguyén nhan
phd bién nhat giy nhidm trung ho hap & tré so sinh
va khong c6 vaccine. Vi thé cac nha khoa hoc thudc
Vién Khoa hoc su séng Kitasato da tao ra vaccine
soi AIK-C tai t6 hop c6 biéu hién protein RSV F
(MVAIK/RSV/F) va khao sat hoat tinh khang RSV
ctia n6. Két qua cho thay chudt da duogc tiém chung
v6i MVAIK/RSV/F khong phat hién virus RSV khi
cho lay nhiém véi RSV, va ghi nhan phan tmg viém
rit nhe & phdi va khong co biéu hién khang nguyén
ciia RSV. Diéu nay cho thdy MVAIK/RSV/F la
vaccine c¢6 nhiéu hira hen va hoat tinh bao vé cin
dugc khao sat thém trong mo hinh khi (Sawada et al.,
2011). Tiép ndi nghién ciru trén, cac chung vaccine
soi AIK-C tai t6 hop MVAIK/RSV/M2-1 va
MVAIK/RSV/NP biéu hién twong tng protein RSV
M2-1 hodc nucleoprotein (NP) di dugc phat trién.
Thr nghiém trén chudt duoc thiét ké tuong tu nhu
nghién ctru trude va két qua cho thay virus soi tai to
hop c6 gy dép g mién dich va cam tmg cac té bao
IFN-y (+) CD8 (+). Ddng thoi, xét nghiém mé hoc
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phdi cho thy co sy giam dang ké céc phan 0 g viém
va khong c6 ton thuong phé nang. Nhitng két qua
nay hd trg virus soi tai to hop tré thanh vaccine tiém
nang, c6 hiéu qua khang lai RSV (Yamaji,
Nakayama, 2014). Mot loai vaccine viém ndo Nhat
Ban (Japanese encephalitis virus - JEV) méi dugc
nhéom nghién ctru cua cong ty Kitasato-Daiichi
Sankyo Vaccine tao ra dya trén cong nghé tai to hop.
Cu thé, gen ma hoéa protein JEV prM-E dugc nhan
ban, chén vao vi tri lién két P/M cua cDNA s6i AIK-
C, va tao ra virus tai to hop co kha nang gy dap tng
mién dich. Thir nghiém trén té bao B95a bi nhiém
virus tai to hop nay phat hién dugc protein JEV E
biéu hién bén trong té bao. Thur nghiém trén chudt
cho thdy phat hién khang thé khang JEV phat trién
mdt tuan sau khi tiém virus tai t6 hop, khang thé soi
PA va khang thé EIA sau ba tudn tiém chung. Céac
virus tai to hop dwa trén DNA si AIK-C c6 thé gy
dap ung mién dich dong thdi cho bénh séi va bénh
JEV, trd thanh mét loai vaccine cho tré so sinh. Do
do, chién Iwge hién tai clia virus tai td hop dua trén
vaccine ngira bénh soi c6 thé ap dung lam nén tang
dé phat trién vaccine (Higuchi et al., 2016).

Khac voi Trung Québc su dung cong nghé gen
trén dong vat dé cai thién glong vat nudi trong chan
nudi, hau hét cac nghién ctru vé bién ddi gen & dong
vt tai Nhat Ban déu tap trung vao cac muc dlch Y té
va dugc pham cia con nguoi. Hién nay, gidng tim
bién d6i gen dang tién gan dén giai doan ap dung
thuvong mai & Nhat Ban. Vién Khoa hoc Sinh hoc
néng nghiép Qudc gia (National Institute of
Agrobiological Sciences — NIAS) dua ra Chuong
trinh Nghién ctru hé gen tim vao nim 1994. Protein
to di dwoc sir dung lam chat két dinh trong phiu
thuat. Vi thé, nghién ctru s€ mo rong viéc st dung
protein to cho cac vat liéu y t& nhu da nhan tao, kinh
ap trong... Nam 2003, nhém nghién ctru cua Truong
DPai hoc Hiroshima dd moé ta sy phat trién cua tam
bién ddi gen tao ra kén cé chtra collagen tai to hop
loai IIT cua ngudi. Nghién cuiu dugce thyc hién bé’mg
cach tao mot cDNA hop nhét mi hoa mot protein két
hop chudi nhé procollagen type III ngudi di xoda
phan C-propeptide, v&i chudi nhe fibroin (chudi L)
va protein huynh quang xanh ting cuong (EGFP).
¢cDNA nay dugc ndi phia dudi cua promoter cua
fibroin L-chain va chen vao vector piggyBac. Tiém
vector ndy vao trimg tam, tao ra tam biéu hién huynh
quang EGFP trong cac tuyén to clia chung. Nhitng
con ken phat huynh quang EGFP cho thiy promoter
va cDNA fibroin L-chain tong hop cac san pham tiét
ra bén trong kén (Tomita et al., 2003). Sau ung dung
tiém nang cua tam bién ddi gen, nhidu nghién ctru
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san xuit protein tri liéu trén gidng tim nay duoc
trién khai thuc hién nhu tao ra giéng tdm bién ddi
gen san xuit albumin huyét thanh nguoi tai to hop
(recombinant human serum albumin - rHSA)
(Ogawa et al., 2007), khang thé don dong chudt tai
t6 hop (lizuka er al., 2009), chudi collagen alphal
ngudi loai I (Adachi et al., 2010). Nhitng nghién ctru
nay cho thiy sy ton tai ciia tim bién d6i gen nhu mot
cong cu dé san xudt cac protein hiru ich véi sb luong
16n. Neosilk, cong ty 100% vén cua IBL, da bt déu
ban loai m§ pham c6 chita collagen nguoi tir tim
bién d6i gen nay vao ngay 13/06/2013.

NIAS ciing tién hanh nghién ctru vé lon bién dbi
gen v6i myc dich phat trién lon suy giam mién dich
dé c6 thé cdy ghép co quan ndi tang cho ngudi, tao
md hinh lon bi cac bénh lién quan dén 16i séng va
ung thu ¢ nguoi. Lon duge st dung don gian boi vi
su tuong dong vé su trao ddi chat va kich thudc cua
co quan a6i voi con nguoi
(http://www.naro.affrc.go.jp/archive/nias/org/ GMO/
Pig/). Phuong phép tao ra lon bién d6i gen chu yéu
bang k¥ thuat chuyén gen vao nhan té bao soma. Tuy
nhién, cach tiép can nay doi hoi ky thuat vi thao tac
phtrc tap va doi khi lam tang nguy co tor vong trudc
va sau khi sinh. Do d6, Tanihara va dong tac gia
(2016) da ap dung phuong phap don gian cho viéc
chinh stra gen ¢ lon bang k§ thuat CRISPR/Cas9,
dua protein Cas9 va sgi RNA don huéng dan vao
cac hop tir duge thuy tinh trong dng nghiém bing k¥
thuat xung dién. Phuong phap nay cho két qua tao
d6t bién gen muc tidu véi hidu qua cao, tao diéu kién
cho viéc san Xuét lon bién d6i gen phuc vu cho muc
dich y hoc.

Nghién ciru phat trién va ing dung cong nghé gen
trong linh vue nong nghiép

Theo udc tinh c6 khoang 20 - 30% dan s6 Nhat
Ban bi di ung phén hoa va thiét hai vé& kinh té do
viéc phén hoa ting 1én khi nhiét do cao c6 thé lén
dén hon 5 ty USD. Do d6, bang cach lam giam biéu
hién cac gen cu thé trong qua trinh ra hoa hodc phat
trién phan hoa, nhom nghién ctru ciia Vién Nghién
ctru Rung va Lam san (Forest and Forest Product
Research Institute - FFPRI) di tao cy tuyét ting
Nhat Ban khong c6 phén hoa (Cryptomeria
Japonica). Vao ngay 8/4/2015, FFPRI da nhan dugc
gidy phép thui nghlem ddng rugng trong 2 ndm san
pham cay tuyét ting Nhat Ban bién ddi gen khong
¢6 phan hoa. Mot don vi nghién ctru khac ctia chinh
phu, NIAS da nghién ctru dé phat trién mot loai lta
bién ddi gen c6 khd nang san xudt ra mot loai
vaccine didu tri chng di tng hat phin cua cay

tuyét tung Nhat Ban. Cac nha nghién ctru da giai
trinh tu cdc gen khang nguyén C. japonica 1 (Cry j
1) va C. japonica 2 (Cry j 2) cua cay phan hoa tuyét
tung Nhat Ban va chuyén cac gen nay vao glong lua
“Koshihikari”. Cac khang nguyén hat phan nay
dugce lang dong trong cac thé dy trit protein co
ngudn goc tur ludi noi chat (PB-I), thich hop dé
phan phéi dén hé théng mién dich niém mac trong
mé bach huyét lién quan dén rudt khi hap thu qua
duong miéng, vi cac khang nguyén dugc dong goi
trong PB-I khang enzyme duong rudt va moi
truong khic nghiét thuy phan. Trong cac thir
nghiém lam sang, chu¢t dugc cho &n bang gao
chuyén gen nay phat hién giam dang ké su ting
sinh ciia cac té bao T CD4(+) dic hiéu cho phan
tng di tmg va lugng khang thé IgE ciing nhu IgG
so voi chugt dbi ching. Nghién ciru cho thiy laa
chuyén gen ciing thanh cong trong viéc ngan chin
céc tridu chimg 1am sang nhu hat hoi va viém mo
mili (Wakasa ef al., 2013). Vao thang 3/2016, Bo
Nong Lam Ngu nghiép da phé duyét thu nghiém
ddng rudng trong nude dbi véi dong laa chuyén gen
OSCRI1 tao ra vaccine c6 thé an duogc nay. Mot sd
nghién clru trong cong nghé sinh hoc néng nghiép
cua Nhat Ban hudng den cach tao ra cy trong dic
san vai loi ich truc tiép cho ngudi tiéu dung. Mot
nhom nghién ciru ¢ Pai hoc Tsukuba da tao ra cay
dau (Sugaya et al., 2008) va cdy ca chua chuyén
gen (Hiwasa-Tanase et al., 2012) c6 thé san xuét
miraculin. Miraculin 1& mét loai protein tich ldy
trong trai cay dugc goi la “trai cay phép la”
(Richardella dulcifica), cb6 ngudn gbc tir Tay Phi.
Mot lugng nhé protein miraculin s& lién két v6i cac
chdi vi giac va lam thay d6i vi chua thanh ngot.
Bing cach chuyén gen mi hoa protein miraculin
duéi su kiém soat cua promoter 35S hodc EI2 vao
cay thong qua hé thong chuyen gen Agrobacterium,
dau va ca chua bién ddi gen c6 chua _protein
miraculin ¢6 thé ding cho nhing nguoi can giam
lwong dudng tiéu thy nhu ngudi bi tiéu duong.

Nhat Ban van 1a mét quéc gia nhan nhiéu loi ich
tir cong nghé sinh hoc néng nghiép dé dam bao an
ninh lvong thyuc, thuc phé”im. Hang ndm, Nhat Ban
nhap khéu gan 100% lwong ngd va 95% dau tuong
bién ddi gen chii yéu do Hoa Ky, Ukraine va Brazil
cung cip dé lam thyc phdm va thirc dn chan nudi
(Sato, 2016). Do su phu thudc nhidu vio ngii coe
cung cip tir nudc ngoai va su tham nhap cao cua cy
trdng bién ddi gen trong céac loai cay trong chinh nhu
dau tuong, ngd va bong, cay chuyen gen da tré thanh
yéu t6 thiét yéu dé bao dam ngudn cung lwong thuc
cua Nhat Ban.



Mic du cdy luong thyc bién d6i gen khong duge
san Xudt thuong mai & Nhat Ban, nhung loai cay
trdng cong nghé sinh hoc thwrong mai duy nhét dugc
san xudt 1a hoa hong bién d6i gen dugc phat trién boi

Cong ty Suntory, nha may bia 16n thr ba & Nhat Ban.

Suntory da phat trién hoa hong “xanh” bién d6i gen
dau tién trén thé gioi bang cach 1am cAm gen gay ra
sdc to do trong hoa hong dihydroflavonol reductase
bang k¥ thuat can thiep RNA (RNA interference).
Suntory ciing tao ra mot 50 dong hoa céim chudng
xanh bién d01 gen va da dugc cap phep trong o Nhat
Ban. Mot s6 hoa cdm chudng bién ddi gen cua
Suntory ciing dugc phé chudn ¢ cic nudc khac nhu
Malaysia va Lién minh chau Au (Sato, 2016).

HAN QUOC

Nghién ciru phat trién va ing dung cong nghé gen
trong linh vue y dugc

Do k¥ thudt NGS giam chi phi dang_ ké nén viéc
gidi ma cau trac di truyen clia mot quan thé bang
cach giai trinh ty mot so lugng 16n céac ca thé & muc
d6 bao phu sdu 1a diéu hoan toan cé thé. Tir nam
2009, Trung tam Khoa hoc HE gen (Center for
Genome Science - CGS) clia Vién Nghién ciru Y té
Quéc gia Han Qudc (Korea National Research
Institute of Health - KNRIH) da bao céo cac nghién
ctru lién hop gen toan cau véi mot sé dac diém dich
t& hoc va bénh & cong ddng ngudi Han Qudc va
ngudi A Pong. Cac nghién ctru hién tai vé céc vi tri
bién thé bit ngudn tir hé gen tham chiéu ciia nguoi
da tring nén da gidi han trong viéc nghién ctru cac vi
tri bién thé cu thé cia ngudi Han Quéc. Vi vay, CGS
da xay dung du an Hé gen Tham chiéu nguoi Han
Quéc (Korean Reference Genome - KRG) vao nim
2012 va da tién hanh gidi trinh tu toan bd hé gen
bang Illumina Hiseq2000 cho 622 cé thé nguoi Han
Qudc. Muyc dich chinh cua dy 4n KRG 1a cung cp
mot ban dd toan dién cic bién thé di truyén cua
nguoi Han Qudce cho cac nghién ciru lién quan dén
bénh trong twong lai va di truyén dan sé. Tinh dén
nay, dit liéu thu dugc tir du an bao gém tan s allele
thay d6i thuong xuyén > = 1%, 8,7 triéu SNVs;
allele hiém 1a 18,3 triéu SNVs; 4,9 tri¢u bién thé
indel ngin; va mot so bién thé vé ciu trac va sb
luong ban sao
(http://152.99.75.168/ KRGDB/menuPages/intro.jsp).
Ngay 25/11/2015, Dy an 10.000 hé gen Ulsan véi
tiéu dé “Hé gen Han Qudc ¢ Ulsan” duoc gidi thiéu
tai to chirc lién minh gém thanh phé Ulsan, Vién
Khoa hoc va Cong nghé Qudc gia Ulsan (UNIST),
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Bénh vién Pai hoc Ulsan va Pai hoc Ulsan. Muc
dich cua dy an 1a lap ban d0 da dang hé gen cua
ngudi Han Qudc, xdy dung co so dit lidu bién ddi
gen da dugc chuan hoa, phat hién cac dot bién gen
hiém gap, va cung cap thong tin chu giai day du toan
bd hé gen dé phat trién nganh cong nghiép gen ctia
Han Quéc. Duy an 10.000 h¢ gen Ulsan la dy an cong
quy md 16n diu tién s& mé rong cho toan bo dan sd
Han Qudc, twong dwong vé6i cac Dy an 100.000 hé
gen & Anh va Dy an 1 triéu hé gen & Hoa Ky. Sé
mau ban diu (10.000) s& dugc thu thap tir nhing
ngudi khoe manh va ngudi bi suy giam mién dich.
Trong du an 1.000 Epigenomes cua Hiép hoi
Epigenome nguoi Quoc té (IHEC) véi su tham gia
ctiia Han Qudc, Vién Y té Qudc gia Han Qudc (Korea
National Institute of Health — KNIH) cho trién khai
du an Korea reference epigenome, muc tiéu tao ra it
nhit 50 hé epigenome tham chiéu va nghién clru
ching dé nang cao va khai thac kién thirc vé cac qua
trinh sinh hoc va co ché khi khoe manh va bénh tat.
KNIH s& tap trung vao 50 loai t& bao dong nhét cua
cac mo lién quan dén 5 bénh man tinh (suy tim, bénh
tu mién, tiéu dudng, béo phi va bénh than mén tinh)
tor md binh thudng va moé bénh, chu yéu 1a mé bi loai
b6 hoidc cdy ghép. Do d6, Dy 4n Korea reference
epigenome dén nam 2017 s& dong gop phan tich 12
thanh phan cho THEC bao gdm DNAme, H3K4me3,

H3K4mel, H3K9me3, H3K27me3, H3K27ac,
H3K36me3, RNA-seq va  RNA-chromatin
immunoprecipitation (RNA-ChIP), DNasel

hypersensitivity, formaldehyde-assisted isolation of
regulatory  elements (FAIRE)-seq, chromatin
interaction analysis using paired end tags (CHIA-
PET), va miRNA-seq (Bae, 2013).

Nhitng tién b gin day trong viéc chinh sira hé
gen véi cac nuclease c¢6 thé lap trinh dd mo ra con
duong méi cho nhidu tmg dung da dang tir nghién
clru co ban dén diéu tri 1am sang. Mot trong céac
nghién ciru chira bénh rdi loan dong mau bing ky
thuat chinh sira hé gen, Lee va dong tac gia da chuan
bi zinc-finger nuclease (ZFN) nhim vao ving dong
nhét intron 1 cua factor VI (FVIII) va ¢ ging xay
dyng mé hinh dao ngugc intron 1 théng qua cac té
bao HEK-293 dugc chuyén gen FVIII binh thudng.
Mac du hi¢u qua dao ngugc khong cao va cac indels
lién quan dén stra sai qua trung gian NHEJ cling
duogc quan sat nhung két qua cho thiy nuclease nay
6 kha nang dao nguoc gen dé sira chita gen tro vé
gan voi trang thai ban dau cua no (Lee ef al., 2012).
MO hinh nghién ctru nhu vay ciing da dugc thong
qua khi str dung transcription activator-like effector
nuclease (TALEN) trong t& bao gbc cam ung da
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nang (induced pluripotent stem cells - iPSCs) binh
thuong. Mot cap TALEN dugc dung dé dao ngugc
doan nhiém sic thé dai 140 kb nim & ving gen
FVIII nhim tao ra mo hinh dong té bao hemophilia
A (Park et al., 2014). Nbi tiép nghién ctru ndy, cac
nha khoa hoc st dung CRISPR/Cas9 nucleases dé
dao ngugc 2 vung gen dai 140 kb ¢ intron 1 va 600
kb & intron 22 cia gen FVIIL, sau do chuyén vao
iPSCs. Céac iPSC mang ding vung gen dao nguogc
dugc chon loc va té bao ndi mé biét héa tir céc iPSC
nay biéu hién gen FVIII, phuc hdi chirc ning cua
FVIII trong md hinh chudt bi bénh hemophilia. Két
qua nay cung cip mot bang chimg v€ nguyén tac dé
stra chita chirc nang khi tai sap xep nhiém sic thé 16n
trong iPSC, tir d6 dé xuit cac ing dung diéu tri tiém
nang trong tuong lai (Park et al., 2015).

Thi truong Han Qudc dang ching kién sy ting
truong On dinh véi vide dwa ra mot s6 k¥ thuat sang
tao mang tinh (mg dung trén nhiéu linh vyc diéu tri.
Trong d6, thi trudng chén doan in vitro cia Han
Qudc udc tinh 2,7 ty dollar My cho nam 2016 va dy
kién s& dat 3,18 ty dollar vao cudi nam 2021, véi toc
do6 trung binh hang nam la 5,40% trong giai doan du
bao 2016 - 2021. Tuong ty nhu Nhat Ban, tbe do
tang truong cua thi truong chan doan in vitro cla
Han Qudc bi anh hudng do ting nhanh céc bénh man
tinh; s6 bénh vién tu nhan va phong thi nghiém kiém
tra doc 1ap ngay cang tang; chinh phu dua ra céc
sang kién dé thuc day y té du lich, thyc hién chim
soc strc khoé va diéu chinh cac san phim chan doan
in vitro; tién by cong nghé va dan sb gia. Cac san
pham chén doan in vitro dugc ap dung chu yéu trong
cac linh vuc y hoc, bao gdm céc bénh truyén nhlem
tiéu duong, ung thu, tim mach, cac bénh ty mién,
bénh than, xét nghiém thude, HIV/AIDS va cac dich
vu khac. Cac san phiam chan doan in vitro sit dung
cho bénh truyén nhiém chiém thi phan 16n nhét, tiép
theo 1a bénh ung thu — thi phan phat trién nhanh nhét
do sy gia ting ty 1& mic bénh ung thu. Dbi v6i cac
bénh truyén nhiém, viéc chin doan chii yéu sir dung
céac k¥ thuat lién quan dén PCR nhu RT-PCR, real-
time PCR cho két qua nhanh va chinh xac. Nhom
bénh duong rudt truyén nhim & nguoi do
enterovirus (human EV) dugc ~danh gia mot trong
nhitng bénh bung nd toan quoc 0 Han Quoc giai
doan 1999-2011, doi hoi phuong phap chan doan
nhanh, nhay, dac hiéu va chinh xac dé phat hién kip
thoi sy hién dién cua EV trong bénh nhan. Vi thé,
RT-PCR hoac real-time RT-PCR dugc st dung dé
phat hién vung bao thu cao 5° khong ma hoa cua hé
gen human EV va vung gen VP1 (375 bp) duoc

khuéch dai bang ky thuét seminested RT-PCR dé xéc
dinh subtype. Ngoai ra, nhiam ting cuong kha ning
phat hién EV trong cidc mau 1am sang, RT-PCR dugc
két hop v6i cong nghé complementary locked primer
(CLP) hodc ky thuat ELISA. D nhay ctia phuong
phap RT-PCR véi cac cidp mdi da bién déi CLP hay
RT-PCR két hop ELISA cao hon 10 dén 100 lan so
v6i RT-PCR thong thuong (Park et al., 2009; Hong
et al., 2010). Nhom bénh ho hip co thé dugce phat
hién ddng thoi 16 tac nhan gy bénh khac nhau gdbm
Adenovirus (AdV), Influenza A (FluA) and B (FluB),
Parainfluenza 1, 2, 3, 4, Rhinovirus A/B/C (HRV),
Respiratory syncytial virus A and B (RSV A and B),
Bocavirus (HBoV), Metapneumovirus (MPV),
Coronavirus 229E, NL63, OC43 (CoV), Enterovirus
(HEV) khi str dung k¥ thuat multiplex real-time PCR.
bay dugc xem la mot cong cu chin doan nhanh
chong cho viéc phat hién nhiéu loai virus duong ho
hap va thuong duge st dung dé giam sat cham soc
sttc khoé¢ mua cam (Roh e al., 2016). Bdi vé6i viée
chan doan cac bénh di truyén va ung thu, ky thuat
duogc lya chon sur dung 1a DNA microarray va NGS.
Céc r6i loan di truyén c6 thé do bét thuong nhidm
sic thé nhu x6a hodc sao chép toan by/ mot phin
nhiém séc thé, hoic pha vo, chuyén vi, ddo vi trong
nhiém sic thé, dan dén tir vong va tham chi tir vong
ngay tr khi 13 bao thai. Kang va cong sy da phat
trién DNA microarray st dung chip nhiém séc thé vi
khuén nhén tao (BAC chip) dé chan doan mot loat
céc bét thudng vé nhiém sac thé gy ra nhiéu r6i loan
di truyen khac nhau, bao gom hoi ching Down, hoi
ching Patau, hdi chiing Edward, hoi ching Turner,
hoi ching Klinefelter, ching alpha-thalassemia
retardation-16, CharcotMarie-Tooth neuropathy 1A,
hoi chimg Cri-du-chat, bénh than kinh di truyén
(hereditary neuropathy with liability to pressure
palsies — HNPP), hoi chung Prader-Willi, hdi chung
Rubinstein-Tayi, hdi chung Williams va h¢i ching
Wolf-Hirschhorn. Nghién ctru nay di dugc cip bang
sang ché s6 US20070048742 Al (Kang et al., 2007).
Nhiéu rdi loan di truyén khac do dot bién don gen &
dang troi (ddng hop tir) hodc lin (di hop tir). Cac nha
khoa hoc Han Quéc di phat trién cic chip DNA
microarray dé c6 thé phat hién dugc bénh khi ngudi
mang bénh ¢ ca dang dong hop tir hay di hop tu. Mot
s6 thanh cong duoc cap bang sang ché trong linh vuc
nay nhu chip cDNA microarray phat hién dot bién
gen gay bénh ataxia telangiectasia (150 kb) (Cheung
et al., 2005: US6979542), DNA microarray su dung
thuat toan tim kiém codon (codon scanning
algorithm - COSA) phat hién dot bién trén gen
ATP7B (hon 80 kb) gdy bénh Wilson (Lee et al.,
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2004: US20040132015 Al), dot bién trén gen 21-
hydroxylase (exon 1, intron 2 va exon 4) gdy bénh
tang san thugng than bam sinh (congenital adrenal

hyperplasia - CAH) (Jin, 2003: US20030073082 Al).

Bén canh do, cong nghé NGS ciling dugc tng dung
manh mé trong linh vyc chan doan phan tir do kha
nang phan tich ddng thoi lugng 16n cac gen va nhanh
chong. Nhém nghién ciru ¢ Bénh vién Pai hoc Quéc
gia Seoul di sang loc 80 gen lién quan dén bénh diéc
sut dung NimbleGen SeCap EZ Human Exome
Library v2.0 capture kit va HiSeq2000 dé giai trinh
ty. Két qua phan tich cho thidy 2 gen GJB2 va
SLC26A44 chiu trach nhiém cho 10 - 15% va 20%
tong s6 nguoi Han Qudc bi diée (Choi et al., 2009;
Park et al., 2005). Chung dau bung do rdi loan than
dugc chan doan bang phuong phap gidi trinh ty
exome muc tiéu cho 34 gen lién quan dén bénh nay
cho thiy da sé bénh nhan mang dot bién trén 9 gen
NPHPI, NPHP3, NPHP4, SDCCAGS8/NPHPIO0,
TTC21B/NPHPI12, PKHDI va BBS4 (Kang et al.,
2016). Trong ung thu hoc, ky thuat NGS giup phat
hién nhiéu gen gy ung thu trong ung thu tiét niéu
(Kim, Kim, 2015), ung thu dai truc trang (Han et al.,
2013), ung thu budng tring (Lim, Randall, 2017)...
NGS khong chi dung dé sang loc, chan do4n ma con
1a phuong phap kiém tra twong tac cua liéu phap didu
tri d6i voi ung thu, cung cap thong tin vé& viéc dap
ting hay khang thudc trong qua trinh trj lidu (Park et
al., 2016).

Trong linh vuc diéu tri bénh bang cong nghé gen,
liéu phép gen la ng dung 1am sang dugc nghién ciru
va phat trién nhanh chéng ¢ Han Qudc véi sy dau tu
rong rii, mang lai tiém ning 16n cho viée diéu tri cac
bénh nghiém trong khac nhau. Thir nghiém 1am sang
dau tién duogc thyce hiénvao nam 1994, str dung DNA
plasmid da xu ly véi liposome c6 chira gen allogenic
major histocompatibility complex class I (MHC
class I) (human leukocyte antigen-B7 / f2-
microglobulin) cho 9 bénh nhén; trong d6 4 nguoi bi
ung thu sic t0, 2 nguoi bi ung thu dau-mach-cd, 2
ngudi bi ung thu phdi va 1 ngudi bi ung thu da day.
Tat ca bénh nhan déu chiu dwgc cac phuong phap
diéu tri thong thuong (Heo ef al., 1998). Ké tir thu
nghiém 1am sang ddu tién, dén thang 2/2016, c6 43
nghién ctru va thir nghiém l1am sang dugc phé duyét
thuc hién véi cac loai vector chuyén gen khac nhau,
bao gdm plasmid (18), adenovirus (9), vaccinia (7),
té bao bién ddi gen (6), plasmid + adenovirus (1), va
mRNA 2)
(https://www.pmda.go.jp/files/000211334.pdf).

Nhin chung, & Han Qudc, liéu phap gen sir dung
DNA tran dugc nghién ctru dé dam bao mirc do biéu
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hién protein tri li€u in vivo cd y nghia (Lee et al.,
2000), cling nhu cac vector murine leukemia virus -
based retrovirus dugc cai tién hiéu qua va an toan dé
hdi phuc s quan tim cua cac nha nghién ciru dbi véi
loai vector chuyén gen nay (Kim ez al., 1998; Yu et
al., 2000, 2003).

Trong nhitng ndm gan déy, vi nhiing lo ngai vé
dai dich cta cac bénh truyén nhidm nhu virus Ebola,
MERS hodc do ti 1€ ung thu dang gia tang, viéc dat
dugc “su doc 1ap vé vaccine” dang tr¢ thanh tiéu chi
thiét yéu dé danh gia nén kinh té va an ninh quoc gia.
Tuy nhién, & Han Qudc, chi ¢6 10 trong tong sb 27
loai vaccine duoc san xuét va 80% sd lugng vaccine
duogc nhap khéu. Muc do tu cung ty cép vaccine cua
Han Qudc rit thap so voi kha ning cua Nhat Ban va
Hoa Ky - chau Au (59% va 100%). Song nhd sy phat
trién cac ky thuat di truyén hién dai dong gop khong
it cho cong nghé vaccine, cac cong ty dugc pham cua
Han Quoc dang m¢ rong nghién ciru, phat trién va
san xuét nhiéu loai vaccine. Mgt vaccine tiéu don vi
c6 kha nang ngan ngira bénh ga ru do Newecastle
disease virus (NDV) gay ra ¢ gia cAm di duoc dang
ky thanh cong. Khang nguyén hemagglutinin-
neuraminidase (HN) cia NDV duoc chuyén vao va
biéu hién trong té bao thuc vat. Ga dugc tiém ching
véi vaccine c6 chira protein nay dugc chirng minh da
qua thtr thach voi NDV. Ngoai ra, cac protein fusion
(F) va HN thu dugc tir NDV phan 1ap va chung La
Sota cia NDV duoc biéu hién, tinh sach va st dung
nhu mot loai vaccine tiéu don vi. Nghién ctru cho
thdy vaccine nay lam giam dang ké lugng virus sau
khi tiém mot lidu don (Lee ef al., 2008). Déi véi
bénh 16 mém long méng do foot — and - mouth
disease virus (FMDV), VPI la protein ciu trac lién
quan dén kha ning trung hoa cia virus, trong khi 3D
la RNA polymerase phu thugc RNA c6 tinh bao thu
cao giita cac serotype khac va c6 kha ning gay mién
dich manh. Vi vay, protein tai t6 hop cua ca VP1 va
3D tao ra dap ing mién dich dac hleu khang nguyén,
cho thay day co thé 1a vaccine tiéu don vi tiém nang
chéng lai FMDV (Bae et al., 2009). Cac protein pre-
membrane (prM) va envelop (E) cua virus viém ndo
Nhat Ban (Japanese encephalitis virus - JEV) dugc
biéu hién trong cac té bao con tring Sf9. Pic tinh
gdy dép tmg mién dich cua protein tai to hop prM va
E da dugc ching minh thong qua thir nghiém trén
chudt, thu dugc két qua bao vé hoan toan cac con
chudt khoi doc tinh virus, cung cép thong tin ¢6 gia
tri cho viéc phat trién cac vaccine tiéu don vi hiéu
qué chdng lai JEV (Yang ef al., 2005). Bén canh do,
viéc tiém chung dua trén DNA tran da tré thanh mot
cach tiép cén twong ddi mdi trong qua trinh phat
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trién vaccine.Vaccine DNA c6 chira VP243 cuia
infectious bursal disease virus (IBDV) giy bénh
viém tai huyét truyén nhiém - mot bénh cép tinh va
¢6 kha nang lay lan cao & ga - da cho thiy ty 1¢ song
sot cao hon va teo co thap hon so v&i cac nhom
khong duogc ching ngira (Kim et al., 2004). DNA
plasmid co6 chira gen gD cta Aujeszky's disease virus
(ADV) gy bénh gia dai trén lgn tao ra khang thé
trung hoa trong 4 tuan sau khi tiém ngira (Hwang et
al., 2001). Viéc tiém vaccine DNA c¢6 chira gen N3
ctia hoi chimg hé hap cap tinh nang (SARS) da tao ra
mirc d4p tmg khang thé dang ke ¢ chudt dugc ching
ngua, trd thanh vaccine DNA tiém nang khang duoc
SARS (Dutta er al., 2008). Gan ddy, chinh phu bt
dau hd trg nganh dugc pham bing viéc cong bd toan
ciu hoa vé kinh doanh vaccine, dua ra muc tiéu quoc
gia dé tro thanh qudc gia vaccine thir nim trén thé
gi6i vao nam 2020. B§ An toan Thuc phém va Duogc
phim di dua ra k& hoach md rong cac loai vaccine
san xuit trong nudc tir 10 1én 22 vao nim 2020,
nhim ting cudong kha ning tu cung cip vaccine cho
qudc gia.

Tuong ty nhu Nhat Ban, Han Quéc tich cuc sir
dung k¥ thuat di truyén dé phat trién cac dong vat
san xuét ra cac tan dugc va co quan sinh hoc. Vién
Khoa hoc Pong véat Qudc gia (National Institute of
Animal Science - NIAS) hién dang tdp trung phat
tr1en cac vat liéu sinh hoc mdi st dung cong nghé di
truyén, bao dam sy da dang cuia nguon gen dong vat,
phat trién cac san pham gia slic co gia tri gia ting
cao, phat trién ning luong tai tao sir dung tai nguyén
vat nudi, véi myc tiéu tro thanh “qudc gia cong nghé
vat nudi thé gi¢i G77”. Pbi tuong NIAS nghién ciru
dé phat trién 24 tinh trang khac nhau trén hai loai
dong vat, bao gdbm 17 tinh trang trén lon va 7 tinh
trang trén ga. Cac tinh trang nay dugc thiét ké dé san
Xuét proteln va vt liéu chong virus co g1a tri cao,
bao gom vat li¢u san Xuét tir lon co thé diéu tri
chung thiéu mau, rdi loan dong mau, mau déng cuc
va tring ga c6 chta lactoferrin va cac chit chng
oxy hoa. NIAS d tao ra hai con lon con bién dbi gen
dung dé san xuét cic co quan sinh hoc. Co quan Phat
trién Nong thon (RDA) ciing dang tién hanh phat
trién bon tinh trang khac nhau & tim. Nhing tinh
trang nay cho phép san xuét lya v6i mau sic ty nhién
va da dang, cac peptide mién dich thay thé khang
sinh trong thtrc 4n gia stc va thudc cho ngudi. Nam
2014, RDA da thanh cong trong viéc cdy ghép tim tir
lon bién ddi gen goi 1a GalT KO+MCP vao khi. Két
qué cho thiy ngi tang tir lon bién ddi gen trc ché su
dao thai cdp tinh gitp cho khi séng liau hon
(http://www .nias.go.kr/images/promote/result/file/res

ult 2014 0201.pdf). Mic dut ¢6 nhiéu nd luc déang ké
nhung tit ca cac nghién ctru nay van con trong giai
doan phat trién va con thiéu giai doan danh gia rui ro.
Céc don vi tu nhan ciing dang phat trién dong vat
chuyén gen tao ra céc protein dugc phim c6 gia tri
cao. Nam 2012, mot cong ty dugc pham da san xuat
14 con lon dugc chén gen hormone tang trudng cua
nguoi (human growth hormone — hGH) va nhitng
con lon nay san xuat sita c6 biéu hién hGH. Pay 1a
mot bude tién t6i su phat trién dugc phé‘im hGH. Mét
sO cong ty khac dang phat trién gia suc bién ddi gen
¢6 thé san xuét lactoferrin va insulin, chd phat huynh
quang dung dé nghién ciru bénh & ngudi, ga co thé
san xuét ra chat dé chira ung thu bach clu va lon con
san xuét cac co quan ndi tang sinh hoc (Chung,
Olson, 2016).

Nghién ciru phat trién va ing dung cong nghé gen
trong linh vue néng nghiép

Cay trong bién ddi gen & Han Québc dwoc nghién
clru tap trung vao céc tinh trang thé hé thir hai va thi
ba, nhu han han, khang bénh va ting chét dinh dudng.
RDA di thyce hién 170 sy kién bién dbi gen d6i véi 17
gidng cdy trong khac nhau. Céc loai cy trong nay bao
gdm lua gidu vitamin A, liia khang con tring, ltia chiu
dugc stress moi truong, hat ti€u khang virus, dau giau
vitamin E, dau khang con tring, c6 chiu dugc thude
diét co, khoai tdy va cai bap Trung Quéc, dua hiu,
khoai lang, va tao khang virus. RDA ciing phat trién
laa giau resveratrol - mot chat chdng oxy hoa
polyphenol gitip ngan ngtra bénh tim. Tuy nhién do su
phan dbi tir cac to chirc phi chinh phu va néng dan
trong Ia lo ngai ring cac thir nghiém ddng rudng ciia
lta bién dbi gen s& anh huong dén cac canh dong lua
truyén thong, nén RDA da quyét dinh khong sir dung
loai gao nay lam thuc phém. Ho du dinh san Xudt gao
ndy trong moéi trudng hep va han ché chi st dung
resveratrol do Itia bién d6i gen tao ra cho cac muyc dich
cong nghiép nhu dugc phim hodc my phém Mot vién
nghién ctru cta chinh phu da phat trién gidng khoai
lang cong nghé sinh hoc chiu han va chiu min dé khic
phuc hdu qua cia sa mac hda. Vién da thanh cong
trong viéc trong gidng khoai lang ndy & sa mac
Kubuchi ctia Trung Qudc va ¢ Kazakhstan - hai khu
vuc ban khé can 16n nhat Péng Bic A. Ho ciing bit
dAu qua trinh giai trinh tw hé gen khoai lang vao nim
2014 cung voi cac nha nghién ctru cia Trung Qudc va
Nhat Ban. Vi thong tin da duge giai trinh tu, nhom
nghién ctru mudn phat trién mot lugng 16n khoai lang
cong nghé¢ sinh hoc tai cac khu vyc bi anh huong boi
sa mac hoa & Trung Qudc, Trung Péng va chau Phi
(Chung, Olson, 2016).
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Gan day, mot s6 vién nghién ctru bit diu ng
dung ky thuat gen m6i, hién dai vao viéc tao cay trong
bién d01 gen. Viéc chinh stra hé gen cay trong ma
khéng can dwa DNA ngoai lai vao té bao co thé lam
giam bt nhiing lo ngai vé quy dinh lién quan dén cay
bién ddi gen. Woo va ddng tac gia da tién hanh
chuyén cac phic hop di dugc lip rap trudc cia
protein Cas9 tinh sach va RNA huéng dan vao trong
cac protoplast thuc vat cia cay Arabidopsis thaliana,
thudc 14, rau diép va lua. Ky thuat CRISPR/Cas9
ribonucleoproteins nay thu duoc dot bién muc tiéu
trong cdy tai sinh voi tan suét 1én dén 46% (Woo et al.,
2015). Viéc chinh stra hé¢ gen thuc vat khong dung
DNA c¢6 thé str dung Cpfl — mot nhan t5 CRISPR loai
V ¢6 kha nang nhan dién motif thymidine-rich

Phirc hop Cpf1-crRNA (RNP)
3

5% crRNA

l Chuyén gen nh&

Pham Lé Bich Héng et al.

protospacer-adjacent va cam tng mach doi dut gay tai
vi tri duge dinh huéng bing CRISPR RNA (crRNA)
(Hinh 3). Kim va ddng tac gia (2017) da ap dung k¥
thuat nay dé chinh sira gen FAD2 ¢ dau twong va
AOC & thube 1a. Viée chinh stra gen FAD2 giup lam
tang luong acid oleic va giam lugng chat béo khong
bdo hoa trong ddu twong, huéng dén viéc tao ra loai
hat chira dau tét cho sic khoe. Khong giéng nhur
SpCas9, Cpfl chi yéu cam {ng xo6a cac nucleotide
khac nhau tai vi tri myc tiéu va khong co dot bién
dang ké nao dugc phat hién & cac vi tri ngoai muyc tiéu
trong h¢ gen dau tuwong. Nghién ctru nay ching td
CRISPR-Cpfl 1a ky thuat hiéu qua cao, co thé tré
thanh cong cu méi dé phat trién gia tri gia ting cia
céy trong (Hinh 3) (Kim et al., 2017).

polyethylene glycol (PEG)

\

("~ Tébao chét )
Chinh | ("Nhan )
stra hé BAM
gen muc | 15— Wﬂ'rm‘rrrrrrrrrm#n'n— -
tieu Y
—_— TITTITTTITTITTITTTTITTT

3 J_I_I_LJ.I.LLLLLLLIJ.I.I.I_IJ.I.I.I.I.*I_ |
5 Locus muc tiéu

2

Hinh 3. Ky thuat chinh stra hé gen CRISPR/Cpf1-RNP &p dung trén thyc vat.

KET LUAN

Hoat dong nghién ctu dinh hudng trién khai
ng dung cdc san pham cua cong nghé gen la xu
huéng tat yeu trén toan cau, khong gidi han ¢ qudc
gia phat trién hay dang phat trién, doi hoi thoi gian
dai, ngudn kinh phi va quy mé thyc nghiém 16n, véi
su phoi két hop tham gia ciia nhidu ddi tac. Ba qudc
gia Trung Quéc, Nhat Ban va Han Qudc cé trinh do
cong nghé vuot trdi so vdi cac nude con lai trong
khu vuc nén da cong bd nhiéu cong trinh nghién ciru
mang tinh ng dung cao trong cic linh vuc y té,
duoc phém, tréng trot, chan nudi, moi truong... mé
ra nhiéu hy vong méi dé nang cao chat lugng cudc
sdng cho con ngudi. Do khong bi han ché boi nhiing
quy dinh khét khe nhu chau Au, cac nuée chau A ¢
co hoi tién hanh thir nghiém cong nghé gen trén dbi
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tuong phdi hay té bao nguoi, tiép can cai tién ky
thuat méi dé khic phuc nhitng nhugc diém con tdn
dong. Bén canh do, viéc tiép nhan gieo trong va sir
dung cay trong cong nghé sinh hoc cling ngay cang
phat trién dbi voi cac nude chau A. Piéu nay c6 thé
la do muyc tiéu tang cuong nghién ctru va Gtng dung
cong nghé trong néng nghiép, ddng thoi do ap luc
dam bao an ninh luong thuc cho nguoi dan trong
nuée, dic biét 1a Trung Qudc. Tuy nhién, mic do
dau tu cua chinh phu cho cong tic nghién ctru va
phat tr1en co s ha ting va ngudn nhan lyc con han
ché rit nhiéu so v6i Hoa Ky, Canada hay mot sb
nuée chau Au. Vi vy, moi quoc gia can c6 chinh
sach riéng va can ddi hop 1y dé dam bao theo kip
nhitng tién bd cong nghé trén thé gidi, hoc hoi va ap
dung cac céng nghé phu hop vao doi séng xa hoi
cua ting qudc gia.
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CURRENT STATUS OF GENETIC ENGINEERING IN THE FIELDS OF MEDICINE,
PHARMACOLOGY AND AGRICULTURE IN CHINA, JAPAN AND KOREA

Pham Le Bich Hang, Nguyen Hai Ha, Le Thi Thu Hien

Institute of Genome Research, Vietnam Academy of Science and Technology

SUMMARY

Research and development (R&D) of genetic engineering in Asian countries, particularly in China, Japan
and Korea, have been achieved great success and applied in many aspects of the social economic fields. In the
area of medicine, these nations focus on studying the diagnosis of cancers, infectious, and hereditary diseases
using molecular techniques based on PCR, and next generation sequencing; implementing clinical trials by
gene therapy and improving prevention with innovative vaccines such as subunit or DNA vaccines. In addition,
preparatory studies on human cells or embryos utilizing CRISPR/Cas9 genome editing technology have been
undertaken in hopes of finding new treatments for genetic and cancer diseases. In the field of agriculture, many
Asian countries have carried out R&D and approved genetically modified crops and produtcs for releasing into
the environment and utilizing for food, feed and processing. The modified traits mainly are insect resistance,
virus resistance, herbicide tolerance, drought tolerance, salinity tolerance, and increased nutritional value. In
general, the level of development and application of genetic engineering in these nations has outstripped in
Asia, but still underdevelopment state compared to the United States, Canada and several European countries.
Therefore, each country should have appropriate policies and investments to promote the application of
advanced biotechnologies in the world in order to improve the quality of human life.

Keywords: CRISPR/Cas9 genome editing system, gene therapy, genetically modified crops, next generation

sequencing, PCR, vaccine
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