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1. Pat van dé

Bénh dich ta lon c6 dién ¢ tén tiéng Anh la Classical swine fever — la mot bénh truyén nhidm
cua lon & moi lua tudi, ¢ ty 1é dm va chét trong ving dich bénh cao, gay thiét hai kinh té cho cac
trai chan nuoi lon trén thé gigi [1], [2]. Tac nhan gay bénh dugc xac dinh 12 do mét serotype cua
virus CSF (CSFV) — virus RNA thugc chi Pestivirus cua ho Flaviviridae. B gen RNA bao gom
khung doc mo (ORF) méd hda cho mét polyprotein bao gom tat ca cac protein cua virus. Cac
protein cau tric bao gdom protein nucleocapsid C va ba glycoprotein vo Ems, El, E2. Trong do,
E2 va Ems c6 kha ning tao khang thé trung hoa trong vat chu [3].

Protein E2 c6 kich thudc 55 kDa bao gém 373 axit amin c6 glycosyl héa trén bé mit, mang
chitc nang nhu mot khang nguyén trung hoa chinh. E2 la protein xuyén mang loai | voi C-
terminal trong vo virus [4], [5] va N-terminal 12 mot ving ngoai bao chaa bén mién khang
nguyén: A, B, C va D.Trong d6, mién A c6 ba mién phu: A1, A2 va A3 [6].

Hién nay c6 rat nhiéu hé théng biéu hién protein dugc nghién cau va sir dung, trong détiéu
biéu nhat 1a nam hé théng biéu hién: vi khuan E.coli, nAm men, cdn triing, thuc vat va trén té bao
dong vat c6 vi. Mai hé théng co dic diém riéng phi hop véi mdi loai protein tai té hop khac
nhau can nghién ctu. V&i cac protein tai t6 hop ngoai lai, hé hdng biéu hién P. pastorisduoc uu
tién lya chon vi nhiéu tinh wu viét nhu: C6 thé bién doi sau dich ma;phat trién vai mat do té bao
rat cao trong méi truong nudi cay don gian it ton kém, phu hop cho ca quy mé phong thi nghiém
cling nhu cong nghiép. Diéu dic biét Ia P. pastoriscé 2 gen ma hda cho Alcohol oxidase 1a AOX1
va AOX2la nhiing inducible promoters(la mot promoter chi dugc bt déu phién ma khi nhan dugc
kich thich) cho phépP. pastoris sir dung methanol lam nguodn cung cap nang luong [7]-[10]. Viec
nghién cuu va t6i wu hoa protein tai t6 hop E2 gay bénh dich ta lon c6 dién trénhé théng biéu
hién nam menP. pastoris dugc rat nhiéu nha nghién cau quan tdm. Han va cong su [11], Ding Li
va cong su [12] da téi vu hoa biéu hi¢n thanh cong protein E2 trong P. pastoris. O trong nudc,
viéc str dung hé thdng biéu hién trén nim men ciing da va dang duoc nghién ciru va tng dung trong
nhiéu d& tai. Tuy nhién, viéc nghién ctu biéu hién protein E2 tai to hop cua virus gay bénh dich ta
lon ¢6 dién phan lap dugc tai Viét Nam bang P. pastoris chua c6 nhiéu. Trong bai bao nay, mot
protein E2 tai t6 hop duoc tao ra bang cach sir dung hé thong biéu hién nam men P. pastoris va
budc dau danh gia vé hiéu qua vaccine cua nd, nham hudng toi cha dong ngudn nguyén ligu trong
san Xuat vaccine tai to hop E2 trong tuong lai gan.

2. Nguyén vét li¢u va phwong phap
2.1. Nguyén li¢u

Chung virus gay bénh dich ta lon c6 dién (chung C) do Céng ty C6 phan thudc tha y Trung
wong (VETVACO, Viét Nam) cung cap. Chang vi khuanE.coli DH5a (Invitrogen, My) dung dé
tach dong, ching nim men P. pastoris SMD1168 (Invitrogen, M) dung dé biéu hién protein téi
t6 hop, vector tach dong pJET1.2 (Invitrogen, M), vector biéu hién pGAPZaC (Invitrogen, My),
enzym cat gioi han Clal, Xbal (ThermoFisher, My), cip mdi khuéch dai gen E2 (moi yE2f1:
TTATCGATTCGGCTAGCCTGCAAG, va yE2dCr: CGCTCTAGAAATTCTGCGAAGTA),
mai trudng nudi cy nim men Yeast extract peptone dextrose (YPD) (Sigma — Aldrich, M¥), mdi
truong Luria Bertani Broth(LB broth) (Sigma — Aldrich, M) kit tong hop cDNAHigh-Capacity
cDNA Reverse Transcription Kit(ThermoFisher, M), kit tach va tinh sach plasmid tai t6 hop
PureLink™ Quick Plasmid Miniprep Kit (Invitrogen, My),dém TNE (50mM Tris-HCI pH 7.4,
100 mM NaCl, 1mM EDTA), zeocine (Biobasic, Canada), Triton X-114 (Sigma — Aldrich, My),
Khang thé khang protein E2-Myc Tag Monoclonal Antibody (Invitrogen, My), khéng thé thir cap
Goat Anti-Mouse IgG Antibody, HRP conjugate (Thermo Fisher, M§), co chat tao mau 1-Step™
Ultra TMB -Blotting Solution (Thermo Fisher, My).

2.2. Phwong phap
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2.2.1. Tao té bao E.coli DH50 mang plasmid biéu hién E2-CFSV

Vung gen E2 ma hoa yéu té quyét dinh khang nguyén da dugc phan tich biang céc phan mém
tin sinh dé phu hop véi viéc tao khang nguyén tai to hop va biéu hién gen trong nam men P.
pastoris. Gen sau khi luya chon dat tén Ia E2 — CSFV.Gen E2 — CSFV duoc thu nhan tir chung
virus gay bénh dich ta lon c6 dién (ching C) bang cach PCR voi cap mdi dic hiéu yE2f1 va
yE2dCr. San pharn thu duoc c6 kich thusc1043 bp, mé hoa cho mot chudi polypeptide gom 250
acid amin c6 khéi luong phan tir 28,46 kDa. Hai enzym Clal va Xbal duoc xu ly cit mo vong
vector pJET1.2 va gen E2 — CSFV da dugc tinh sach dé tao thanh vector tao dongpJET1.2 — E2 —
CSFV. Tiép tuc xu ly Clal va Xbal voi vector pJET1.2 — E2 — CSFV dé chuyén gen E2 — CSFV
vao vector pPGAPZaC thanh vector biéu hién pGAPZoC — E2 — CSFV. Vector biéu hién nay
duoc gitr trong chang E. CO|I DH5a bang phuong phap héa bién nap va nudi ciy trong moi trudng
LB (tryptonel0g/l; cao nam men 5g/I; NaCl 10g/I; pH 7,0) c6 chua khang sinh zeocinnong do
50pg/ml. Céc thé bién nap tiép tuc duoc sang loc va kiém tra su c6 mat cua gen E2 — CSFV bang
ky thuat PCR véi cip moi FClal va AOX1(mdi nam trén plasmid pGAPZaC), enzym cit giGi han
Clal va Xbal, giai trinh ty.

2.2.2. Tao dong té bao P. pastoris SMD1168mang gen ma hoa E2-CSFV va biéu hién gen E2-CSFV

Plasmid tai t6 hop pGAPZaC- E2-CSFV dung enzymBspHI dé cat mé vong va bién nap vao
té bao ndm men P. pastorisSMD1168 bang phuong phap xung dién dé biéu hi¢n gen. Céc té bao
P. pastoris mang vector biéu hién pGAPZaC — E2 — CSFVduoc nudi cay sinh tong hop protein
ngoai lai bang cach nudi khuan lac don trong 50ml méi trudng YPD (peptone 2%; cao nim men
1%; dextrose 2%) c6 chira khang sinh zeocine 50ug/ml, & 25°Ctir 3 — 4 ngay[13].

Tiép theo, té bao duoc hoa dong thoi trén hai méi truong MM (méi truong téi thiéu chira
methanol c6 chira YNB 1,34%; biotin 4x10°%; methanol 0,5%) va MD (moi truong tbi thiéu co
chtra dextrose c6 thanh phan YNB 1,34%:; biotin 4x10%%; glucose 2%), ¢ 25°C tir 3 — 4 ngay
quan sat kha ning sinh tong hop cua protein E2 — CSFV tai t6 hop[14].

2.2.3. Xdc dinh sé ban sao cia vector mang gen trong hé gen cua P. pastoris bang phdn ing
PCR ban dinh luong

Dich nudi té bao duoc thu lai sau 12, 24, 48 va 72 gio bang cach ly tam loai té bao 3000 rpm
trong 5 phat. Dich ngoai bao duogc giit lanh ¢ -20°C dé danh gia kha nang sinh tong hop E2 —
CSFV cua chung tai t6 hop & cac thoi diém khac nhau. DNA tong sb cua ca thé bién nap sau khi
dugc pha lodng xubng 100ng/pl duge ding lam khuén cho phan tng PCR voi cap moi FClal va
AOX1 trong 35 chu ky. Két qua khuéch dai dugc kiém tra dién di trén gel agarose 1% va phan
tich bang phan mém QuantityOne (BioRad) nham xac dinh s6 ban sao gen E2 — CSFV trong bo
gen nam men. S6 ban sao gen E2 — CSFV trong bo gen nim men duoc tinh thdng qua ty I san
pham khuéch dai chira gen E2 — CSFV so véi san pham khuéch dai gen AOX1 (day 1a mét gen
ndi sinh ciia nAm men).

2.2.4. Bdnh gid kha ndng tang triong va biéu hién cia thé bién nap chiza nhiéu ban sao

Hai khuan lac duoc chon 1a KL8 va KL12 chita pGAPZaC — E2 — CSFV duoc hoat hoa bang
moi trudng BMGY long ( peptone 2%; cao nim men 1%; YNB 1,34%:; 10% citrate buffer 1M pH
4; biotin 4x10%%; glycerol 1%) nudi lic 250rpm qua dém & 30°C dén khi ODego = 2. Sau do, sinh
khéi dugc chuyén vao 10ml méi trudong BMMY (giéng voi méi truong BMGY nhung glycerol
duoc thay bang methanol c6 ndng do cudi 13 0,5%); tiép tuc nudi lic & 250 rpm 30°C[15].

2.2.5. Kiém tra protein E2-CSFV bang lai Western blot

_Phan doan mang cua chung P. pastorisSMD1168 mang gen ma héa E2 — CSFVda cam ung
biéu hién dugc thu nhan bang Triton — X114[16]. Tién hanh dong thoi mot mau dé! chang am la
phan doan mang P. pastorisSMDI1168. Sau d6, phdn doan mang dwoc chuyén Ién mang
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nitrocellulose, khéa mang bai skim milk 5% [17]. Khang thé khang protein E2-Myc Tag Monoclonal
Antibody, va khang thé thir cip Goat Anti-Mouse IgG Antibody, HRP conjugate dugc bd sung lén
mang. Cudi cling, co chit tao mau 1-Step™ Ultra TMB -Blotting Solution dugc b sung dé kiém tra
su biéu hién cua protein muc tiéu.

3. Két qua va ban luan
3.1. Tao dong chiing E.coli Dh5a mang vector tdi té hop pGAPZaC- E2-CSFV

Dé c6 soi khudn dung khuéch dai doan gen E2 — CSFV, RNA tong sb da duoc téch tir chung
CSFV phan lap tai Viét Nam va tong hgp ¢cDNA. Poan gen E2 — CSFV dugc thu bang phuong
phéap PCR véi cap mdi dac higu yE2f1 va yE2dCr. San pham PCR dugc kiém tra trén gel agarose
1%. Két qua dién di cho thy thu dwoc duy nhat mot gen c6 kich thudc 1043 bp (giéng (+), Hinh 1),
phu hop Véi kich thuéc thiét ké. Béi chang am (gleng (), Hinh 1) khong Xuat hién bang vach
ching té san pham trong qua trinh PCR khéng bi 1an tap nhiém.

(akb) ()

5000 é
i —— ‘ Gen E2-CSFV
en £2-
— @
= (:1.043bp)
500 —

Hinh 1. Thu nhgn gen E2-CSFV
M: thang DNA chudn; (-): mdu dai chitng &m; (+): mau chung chudn virus dich ta lon ching C
Toan bo san pham PCR nay duoc tinh sach, giai trinh tu dé kiém tra trinh ty sau d6 chuyén
vao vector nhan dong pJET1.2 d€ luu gilt. KEt qua gidi trinh ty doan gen E2 — CSFV cho thay
bao luu dugc toan bo trmh tu nucleotlde Cua doan gen E2 Iua chon ban dau (Hmh 2).
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Hinh 2. Trinh tir doan gen E2 ma hoéa cho yéu to quyér dinh khang nguyén ciia CSFV
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Sau khi cat mé vong plasmid pJET1.2 — E2 — CSFV va vector biéu hién pGAPZaC bang hai
enzym cét gisi han 1a Clal va Xbal tao dau dinh, gen E2 — CSFV duoc ni vao vector biéu hién
nho T4 ligase. Plasmid pGAPZaC c6 gen khang khang sinh zeocine nén céc thé bién nap duoc
sang loc budc dau trén moi truong nudi cay c6 chira khang sinh zeocine. Cac khuan lac du tuyén
nay tiép tuc duoc sang loc bang ky thuat PCR véi cap moi FClal va AOX1. Gen E2-CSFV duoc
chén vao gitra ving AOX promoter va AOX terminator cua vector pGAPZaC. Do d6, san pham
khuéch dai cua khuan lac c6 mang plasmid pGAPZoC — E2 — CSFV s& c6 kich thudc 3100+
1043 bp (4143 bp). Két qua dién di cho thiy, cac khuan lac dy tuyén duong tinh ¢ sy xuat hién
vach DNA kich thudc ndm giira vach 4000 bp va 5000 bp cua thang, pht hop véi kich thuéc du
doan ban dau. Khuan lac duong tinh dai dién tiép tuc dugc nudi cay, tach chiét DNA plasmid va
xac dinh trinh ty nucleotide theo phuong phap Sanger trén may doc trinh tu tu dong ABI PRISM
3100 Avant Genetic Analyzer. Két qua giai trinh ty gen E2 — CSFV trong vector pGAPZaC
gidng voi két qua giai trinh tu gen E2 — CSFV trong vector pJET1.2 da duoc trinh bay & Hinh 2.

Trinh ty doan gen E2 cua virus dich ta Ign ching C nay da duoc so sanh véi trinh tu gen E2
cua virus dich ta lon cb dién cong bd trén ngan hang dir liéu NCBI bang phan mém BLAST. Két
qua cho thiy doan gen E2 cua virus dich ta lon dugc tach dong trong nghién ciru nay c6 do tuong
ddng 100% so véi gen E2 cua chung virus dich ta lon Hog cholera virus (Classical swine fever
virus) “Chinese”.

3.2. Tao dong chaing P. pastoris SMD1168 mang gen ma hoa E2-CSFV

Vector pPGAPZaC — E2 — CSFV duoc tién hanh bién nap vao ching P.pastoris SMD1168
bang phuong phap xung dién va duoc sang loc bude dau trén méi truong dic hiéu YPD c¢6 bod
sung khang sinh zeocin ndng d6 50pg/ml. Két qua bién nap cho thay xut hién 17 khuén lac séng
duoc trén méi truong c6 chira 50pg/ml khang sinh zeocine (Hinh 3). Biéu nay ching to ciu tric
vector biéu hién téi t6 hop pGAPZaC — E2 — CSFV da duoc bién nap thanh cng vao chung nim
men SMD1168.

Hinh 3.Khudan lac ciia mét sé dong nam men P.pastoris SMD1168 mang gen E2 - CSFV

Céc khuan lac du tuyén nay tiép tuc duoc sang loc bang ki thuat PCR vai cap mdi FClal va
AOX1. Khi DNA plasmid duoc bién nap vao té bao cha P. pastoris, gen AOX1 (ma héa cho
alcohol oxidase — sir dung methanol 1am chat cam ng trong qué trinh biéu hién ndm men) cé
thébi loai bo hoac giir lai dan dén kiéu hinh ciia thé bién nap cd thé bi thay d6i. Néu gen AOX1
khong bi mat di, thé bién nap thu duoc s& c6 doan gen tai t hop chén vao va phat trién tét trong
moi truong c6 bd sung methanol va nguoc lai. Két qua cho thiy tit ca cac thé bién nap déu ting
trudng tot trén moi truong c6 chia khang sinh zeocine va bé sung methanol (Hinh 4).

Dé kiém tra cac khuan lac thu dugc ¢6 mang gen E2 — CSFV hay khong, khuan lac 8 va 12
(KL8, KL12) duoc chon lam khuon, st dung cap moi yE2flva yE2dCr dé tién hanh phan tng
PCR. Két qua dién di cho thiy, cac khuan lac du tuyén c6 sy xuat hién vach DNA véi kich thudc
1.043 bp nhu thiét ké (giéng KL8, KL12, Hinh 5). Hon nita, d6i chung &m khong xuat hién vach,
diéu do cho thdy khdng co su tap nhiém (giéng (-), Hinh 5). Nhu vayco thé thy, plasmid tai to
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hop pGAPZaC — E2 — CSFV da duoc bién nap thanh cong vao chung ndm men P. pastoris
SMD1168. Céc khuan lac duong tinh dugc nubi cay va thu nhan nham kiém tra biéu hién.
M

(1kb) (-) () KL8 KL12

5000

— Gen E2-CSFV

(=1.043bp)
500

Hinh 4. Pién di do san pham PCR si dung maoi dac hiéu gen E2 va khudn plasmid tir cac khuan
lac 8 va 12. M: thang DNA chudn; giéng 1, 2: doi ching &m; giéng 3,4: san pham PCR khudn
lgc 8,12 kiém tra gen E2 — CSFV

Dé khing dinh chic chan san pham da tach dong 1a doan gen ma hda cho gen E2 — CSFV cua
virus ta lon ching C, plasmid tach tir KL8 da duoc chon dé kiém tra trinh tu nucleotide theo
phuong phap Sanger. Két qua cho thay trinh ty ma chang t6i thu dugc c6 do twong dong 100%
véi trinh ty nucleotide gen E2 cua cac chung CSFV di dang ky trén GenBank/NCBI. Két qua so
sanh trinh tu amino acid suy dién caa gen ma héa cho protein E2 — CSFV trong nghién ctiu nay
cling c6 d6 twong dong 100% Vi trinh ty amino acid cia gen ma hda protein E2 caa virus dich ta

lon ¢ dién da duoc cong bd trén Ngan hang gen (Hinh 6).
30

10 20 40 50 60
MGDDFRSGLC PFDTSPVVKG KYNTTLLNGS AFYLVCPIGW TGVIECTAVS PTTLRTEVVK
70 80 90 100 110 120
TFRRDKPFPH RMDCVTTTVE NEDLFYCKLG GNWTCVKGEP VVYTGGLVKQ CRWCGFDFDG
130 140 150 160 170 180
PDGLPHYPIG KCILANETGY RIVDSTDCNR DGVVISTEGS HECLIGNTTV KVHASDERLG
190 200 210 220 230 240
PMPCRPKEIV SSAGPVKKTS CTFNYTKTLK NRYYEPRDSY FQQYMLKGEY QYWFDLDATD
250

RHSDYFAEFL EX

Hinh 5. Trinh & amino acid suy dién ciia gen ma hda khang nguyén E2
3.3. Téi wu biéu hign va khd nang ddp i#ng mién dich cia protein E2 trong té bao ném men
3.3.1. Téi uu biéu hién protein E2 tai té hop trong té bao ndm men

Dé danh gi4 su anh hudng ciia s6 lugng ban sao gen sat nhap dén kha ning biéu hién protein
muc tiéu, chiing toi tién hanh cam tng biéu hién E2 — CSFV tir cac thé bién nap thu nhan duoc.
Diédu kién cam ng ¢ méi truong YPD Iong khi ODeoo = 1 €0 bd sung chat cam tng lam methanol
den noéng do cudi cung 1a 0,5%. Két qua kiém tra protein bang SDS-PAGE cho thay, dich nubi
cdy ciia C4c thé bién nap xuét hién 1 vach protein c6 kich thudc trong khoang 29 kDa trong diéu
kién bién tinh twrong tng vai kich thuéec E2 — CSFV, trong khi nim men P. pastoris khdng chén
gen E2 — CSFV khong san xuat dugc protein nay. Dong ti to6 hop KL8 c6 kha ning biéu hién
protein muyc tiéu mirc d6 cao nhét (Hinh 7).
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M KL8 KIL12

Protem E2-CSFV

35kDa (=29 kDa)

10kDa

Hinh 6. Kha nang bié:u hién protein E2-CSFV cia cac thé bfén nap
KL8: khuan lac 8, khuan lac 12 cia té bao nam men da chuyén gen E2

Dong tai to hop nay duoc tiép tuc sir dung dé phan tich kha ning biéu hién protein E2 — CSFV
theo thoi gian. Dich cam tmg dugc thu nhan sau 24, 48 va 72 gio, sau do6 dién di SDS-PAGE dé
kiém tra. Két qua cho thay, dich nudi ciy cta cac thé bién nap 1 sau 24 gid, 48 gio va 72 gid cam
mg déu xuat hién mot bang sang duy nhét tuong ng véi vi tri cla biang protein kich thudc
khoang 29 kDa (Hinh 8). Kiém tra ndng d¢ protein téi t6 hop bang Bradford, chung t6i nhan thay
trong 72 gio nubi céy, hiéu qua biéu hién va tiét protein E2 — CSFV cuia thé bién nap KL8 ngay
cang tang. Tai thoi diém 72 gio, protein E2 — CSFV duoc tiét ra chiém t6i 58,86% so voi tong
protein tiét cua té bao.

\0\\“°° SMD1168 +E2-CSFV
M S 6h 24h 48h 72h
| Protein E2-CSFV

(=29 kDa)
35kDa <«

60

40

H

°

%% protein E2-CSFV 50 protein té bio
@
g

Thoi gian (gio)

®B)

Hinh 7. Kha néng biéu hién  protein E2-CSFV theo thoi gian cua thé bién nap KL8
M: thang do protein chudn; SMD1168: té bao nim men chiua chuyen gen E2;
(A): SDS-PAGE; (B) % E2-CSFV trén tong protein tiét

3.3.2. Pdnh gia kha ndng ddp itng mién dich ciia protein tdi té hop E2

Dé danh gia kha nang dap ng mién dich cua protein tai t6 hop E2 — CSFV, protein nay duoc
tlen hanh tinh sach qua hé thdng cot resin gin nickel chuyén dung cho céc protein tai t6 hop co
gan cac goc Histidine. Protein E2 — CSFV sau khi tinh sach dugc x&c dinh nong do va tiém chudt
dé tao khang thé. Chudt nhit tring sau tiém mot liéu trinh ba 1an (1, 14 va 21 ngay tudi), dén
ngdy 35 tién hanh thu huyét thanh kiém tra khang thé duoc sinh ra ¢ tuong tmg véi khang
nguyén tai to hop da tiém hay khong. Két qua cho thiy, tat ca cac chudt trong 16 thi nghiém sau
khi tiém ba 1an khang nguyén tai t6 hop hop déu sinh khang thé dic hiéu, tuong tng, hiéu gia
ngung két ctia phan tmg trung hoa 1a 1/8 (Két qua khong trinh bay & day). Bén canh d6, cac
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khéng thé thu duoc tir chudt tiém khang nguyén tai to hop dugc st dung nhu khang thé 1 dé kiém
tra kha niang bat cip dic hiéu cia khang nguyén — khang thé bang phan tmg Western blot. Két
qua thu duoc tir phan tmg Western blot cho thdy, khang thé tao ra da bat cap dac hiéu voi khang
nguyén tai to hop E2 — CSFV. Kich thudc bang protein phan tng voi khang thé 1a khoang 29 kDa
(Hinh8) dung nhu kich thudc theo tinh toan.

KL § KL 12 M

I
Protein E2-CSFV d9ia

(=29 kDa) .

10kDa

Hinh 8. Kiém tra tinh sinh khang thé dic hiéu ciia chug ttiém khang nguyén tai 16 hop E2-CSFV.
M: thang do protein chudn

4. Két luan

Chiing t6i da thanh cong trong viéc nhan dong va xac dinh trinh ty nucleotide doan gen E2 tir
virus dich ta lon ching C phan lap duoc tai Viét Nam. D3 thiét ké dugc vector téi to hop va biéu
hién thanh cdng protein E2 cua virus dich ta lon chang C bang hé théng biéu hién trén té bao ndim
men SMD1168. Protein E2 tai t6 hop mang hoat tinh sinh hoc ty nhién (dwgc nhan dién bai
khéng thé khang virus dich ta lon chung C). Két qua nay 13 co s& khoa hoc va ngudn nguyén liéu
phuc vu cho viéc nghién ciru tao vaccine tai té hop chong lai bénh dich ta lon c6 dién chung C ¢
lon tai Viét Nam.

Loi cam on
Kinh phi dugc hd trg tir hoat dong nghién ciru khoa hoc cho nghién ciru vién cao cép cua Vién
Nghién ctru hé gen nam 2022, ma s6 NVCC40.05/22-22 cua GS.TS Nghiém Ngoc Minh.
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