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TOM TAT— Bai b4o trinh bay nhitng kién thirc mang tinh co s& ctia vaccine dwa trén mRNA,; dong thoi phan tich ciu tric
dwa trén goc nhin Tin hoc vé trinh tw sinh hoc cta cta vaccine BNT162B2 ngira virus SARS-CoV-2 da gay ra dich COVID-19.
DAy la vaccine da dugc Cong ty Pfizer va BioNTech phét trién. Tlr d6 dwa ra thuat toan va chwong trinh viét bang Python dé
chon lya trinh tw mRNA trén co sé t8i wu ty 1& GC.

Tiwr khéa— Sinh tin hoc, vaccine, COVID-19
I. GIO'1 THIEU

Virus 12 mot ky sinh tring nhé nhw 12 mét tac nhan truyén nhiém ma khong tw sinh san dwoc. Chung dung DNA
roi phién ma thanh RNA nhuw 1a vat liéu di truyén sau d6 dung boé may cda té bao sdng lam co ché sinh san dé lan
truyén. Nén vi vdy nguwoi ta thwong noi virus khéng phai 1a mét co thé séng ma no vat ky sinh dung co thé séng
dé ton tai va phat trién. Nhirng nha khoa hoc da nghién ctru tir d6 dung vaccine dé ngan ngtra virus, hién nay c6
cac loai vaccine khac nhau theo cach tiép cdn khiac nhau dé tao ra; c6 loai vaccine tim cach triét phd niang luc
hoat déng cda virus roi dwa vao co thé séng, cé loai nho virus khac khong nguy hai d€ dwa hinh hai cia virus vao
co thé sdng; c6 loai dwa vao co thé sdng nhitng nguyén vat liéu dé tir d6 st dung co ché tao sinh té€ bao d€ co
dwoc hinh hai virus trong co thé séng.

DE& tré thanh vaccine dwa vao st dung, thi phai thod min diéu kién quan trong la s trwedng hop t vong trong sd
nhitng ngwoi bi nhiém bénh sau khi ho dwoc tiém vaccine 12 rit nhé, thdm chi phai bang khong. Vi vay, viéc
nghién clu vaccine can phai huy dong cad mot ngudn lwc 16n tir Hod hoc, Sinh hoc cho dén Tin hoc va ca Toan
hoc.

Hién nay da c6 nhiéu loai vaccine lién quan dén phong dich bénh COVID-19, trong s6 d6 vaccine st dung cac
nguyén vat liéu dwa vao co thé sdng roi nhd bd may sinh san té€ bao tao ra hinh dang virus cé y nghia khoa hoc
cao, 1a mot cach ti€p can madi trong viéc tao ra vaccine. Vacine thudc loai nay cé thé 1a vaccine dwa trén DNA,
hoac vaccine dwa trén RNA.

Bai viét trinh bay mét s6 ndi dung lién quan dén vaccine dwa trén RNA thé hién qua cac phan nhw sau trong cac
phin tiép theo cta bai viét. Phan thi hai tiép theo diy trinh bay nhirng khai niém cta Sinh hoc phan tir d€ lam
nén tang kién thirc cho nhirng hiéu biét tiép theo, ddng thoi dwa ra nhirng cong trinh lién quan gan day vé nghién
ctru vé vaccine phong virus SARS-COV-2. Phan th ba phén tich ciu trdc cia vaccine dwa trén RNA; phan thir tw
12 nhirng tinh todn thuc nghiém dé dwa ra gidi phap tim vaccine thod man mat tiéu chi ndo d6; phin cudi cung
con lai 1a mot s6 két ludn sau qua trinh khao sat va thwc nghiém tinh toan.

II. MOT SO KHAI NIEM VA CONG TRINH LIEN QUAN
A. MOT VAI KHAI NIEM SINH HOC LIEN QUAN
1. DNA, RNA, PROTEIN, RIBOSOME

Hoc thuyét trung tAm dwoc F.Crick dwa ra tir ndm 1956 cho dén nay van con tinh ding dan d6 1a thong tin di
truyén tir DNA dwoc phién ma (transcipt) thanh RNA sau d6 dich ma (translate) thanh protein. Trong d6 DNA
(DeoxyriboNucleic Acid) chira trong nhan té& bao, day 12 mot chudi xoan kép gobm 2 mach don, mdi mach don 1a
mot chudi cac nucleotide. Chinh vi vAy c6 thé néi DNA 1a mét dai phan tir sinh hoc ma méi phan ti ctia n6 1a mot
nucleotide. Méi nuclootide & day bao gobm phophate, dudrng deoxyribose va mot trong 4 base hitu co 1a Adenine,
Cytosine, Guanine, Thymine. Cic nucleotide nay lién két v&i nhau theo lién két cdng hoa tri gitra dwong
deoxyribose cta nucleotide nay v&i phophate ctia nucleotide ké tiép. Mot dic diém quan trong 1a cac nucleotide
nay c6 phophate va duwdong doxyribose la giéng nhau; chi cic nhau cac base hitu co; chinh vi vy, nguoi ta ding
mot trong 4 base hitu co dé€ dic trweng cho mot nucleotide [1].
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Trong sinh hoc phén t, 4 base hitu co dwoc ky hiéu badi cac chit cai ban ddu 1a A, C, G, T; nén mét mach don
trong chudi DNA dwoc biéu dién béi mot chudi gdbm cac ky tw chir A, C, G, T. Chdng han, mot doan clia virus
SARS-CoV-2 duwgc cung cip trén ngin hang dir liéu ctia NCBIf nhu sau:

ATTAAAGGTTTATACCTTCCCAGGCAAACCAACCAACTTTCGATCTCTTGTAGATCT

Ngoai ra, do DNA 13 chudi xodn kép ma 2 mach don nay lién két v&i nhau theo lién két tinh dién yéu gitta hydro
mang dién tich dwong va hydro mang dién tich 4m cia 2 base hitu co (goi la lién két hydro), trong dé6 Adenine
lién két véi Cytosine, con Guanine lién két véi Thymine. Tir d6 véi mot mach don nay cda chudi xodn kép c6 thé
suy ra dwgc mach don thit hai. Chinh vi vay, mot DNA dwoc biéu dién hinh thirc béi chi mét chudi cac ky tu A, C,
G, T nhw trén.

RNA (RiboNucleic Acid) dwgc phién ma tir DNA; RNA ¢6 ddc diém 1a chi ¢6 mot mach don, trong d6 Thymine cta
DNA dworc thay béi Uracine (ky hiéu la U). Chinh vi vy moét trinh tw RNA dwoc hinh thirc hod béi 4 ky tu A, C, G,
U. V&i ciu tric don gian nhw vy nén trong lwu trir cac trinh tw sinh hoc nay ngwoi ta khong can lwu triy trinh tw
RNA.

Trinh tw DNA & trén cé thé chuyén vé trinh tw RNA bing cic dong 1énh Python véi thu vién Biopython 1.78 nhw
sau:
from Bio.Seq import Seq

DNA = Seq("ATTAAAGGTTTATACCTTCCCAGGCAAACCAACCAACTTTCGATCTCTTGTAGATCT")
RNA = DNA.transcribe()

Két qua trinh tw RNA 1a
AUUAAAGGUUUAUACCUUCCCAGGCAAACCAACCAACUUUCGAUCUCUUGUAGAUCU

Ngoai ra, RNA con c¢é nhiéu loai khac nhau, nhung dwéi géc nhin Tin hoc ching ta chi quan tim dén mRNA
(message RNA) trong d6 chira day du thong tin d€ dich ma sang protein. Day chinh la ban sao cta cac trinh tw
DNA, nhdm chuyén thong tin ma hoéa trén DNA dén bd may gidi ma protein twong tng. Néu so sanh v&i may tinh
thi DNA dwoc lwu tri trén thiét bi lwu triv (storage), nhwng khi dwa vao mdy tinh dé xi 1y thi DNA phai chuyén
thanh (phai phién ma thanh) mRNA dé chira trong bo nhé; tir 6 may tinh dich ma sang protein. Chinh vi viy
nén DNA ton tai nhw 1a dit liéu gdc, con mRNA hay protein 1a nhitng bi€u hién trong qua trinh xir Iy va ton tai
mang tinh nhat thoi.

Phién ma & day chinh 1a buéc dau tién cia viéc biéu hién gen dwa trén DNA, trong d6 mét doan DNA cu thé dwoc
sao chép thanh RNA (dic biét 1a mRNA) bdi chat xtic tic RNA (Enzyme RNA polymerase) c6 trong co thé sdng.
Nhuw vay, trong mot co thé sdng c6 cdng cu d€ chuyén vat liéu di truyén tir DNA sang RNA ro6i thanh protein.

Con Protein ciing 1a mét dai phan tir sinh hoc ma méi phan tir 1a mét amino acid. Méi amino acid dwoc ciu tao
tlr 3 base hiru co lién tiép nhau trén trinh tw RNA. Do c6 4 base hitu co nén vé mit ly thuyét c6 thé c6 43 = 64
amino acid; tuy nhién cho dén nay nguoi ta cling chi gidi ma dwgc 20 amino acid; nhung do c¢6 dén 64 bo 3 base
hitu co, nén nguwoi ta dung thuit ngit khac - ma goi 1a codon dé chi cac bd ba nay. Tt d6 suy ra la cé nhirng codon
khac nhau nhuwng c6 cing tén goi vé amino acid. Cling chinh diéu nay khi gidi ma ngwoc tir mot trinh tw protein
ta lai c6 nhiéu trinh tw RNA khac nhau, trong khi dé tir mot trinh tw RNA thi ¢6 suy nhit mot trinh tw protein.
Trong moét trinh ty protein cac amino acid lién két v&i nhau theo lién két peptide; dé la lién két gitra dau
Carboxylic (COOH) cta amino acid nay véi ddu Amin (NHz) cia amino acid khac va loai bo di mot phan ti nwéc
(H20). V& hinh thirc, 20 amino acid nay dwoc ky hiéu béi 20 ky tw A, C, D, E,F, G, H, LK, L, M,N,P,Q,R,S, T, V, W,
Y; nén mot trinh tw protein 1a mot chudi gom nhitng ky tw trong 20 ky tw néu trén.

Ciing v6i trinh tw RNA & trén, véi dong 1énh Python tiép theo:

Protein = RNA.translate()

Dua vé trinh ty protein gom nhitng chit cai trong 20 chit néu trén la:
IKGLYLPRQTNQLSISCRS

V& mat sinh hoc, protein con dwgc goi la chat dam, thoi gian ton tai cia ching cling tuy theo tirng loai protein
khac nhau; c6 loai chi ton tai trong co thé sdng dwoc vai phut roi bi thoai hod, nhwng cé loai ton tai dén hang
nam. Viéc thiéu protein sé gy hiu qua nhw chim 1&n, bénh tit, v.v... Protein 1a nhitng thanh phin co ban cha sy
s6ng, tuy theo chirc ning ma c6 cac loai protein khac nhau. Chang han protein mang tinh c4u tao roi phat trién dé
duy tri sw séng; protein mang tinh cAm bién dé tiép nhin thong tin bén ngoai nhw tin hiéu 4m thanh, 4nh sang, tir

T https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
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trueong, nong do glucoze, nong dd pH, v.v...,; c6 loai protein la men (enzyme) lam xdc tac cho cac phan trng hoa
hoc tir d6 tao nén nhitng phan t& méi khac. Ciling lwu y rang, trong s6 20 amino acid ma loai ngudi phat hién ra
dwoc hién nay lai c6 9 amino acid thiét yéu ma mét co thé s6ng khéng thé tw tao ra, nén phai dwoc dwa tir ngoai
vao nhw 1a mét ngudn thwe pham.

D& chuyén tir RNA sang protein té bao ¢c6 mot bd phan dwoc goi la Ribosome déng vai tro téng hop nén protein
trong t€ bao. Ribosome 1am nhiém vu dich chudi cic phan ti tao nén RNA thanh ra chudi cdc amino acid tao nén
trinh tw protein. Nhw vy c6 thé no6i Ribosome lam nhiém vu dich ma RNA sang protein nhw nhitng cong doan
cta hoc thuyét trung tim dé cip & trén.

2. VIRUS, VACCINE

Virus 13 mot tic nhan truyén nhiém nén duoc coi nhw 12 mét ky sinh trung. Chung c6 vat liéu di truyén 1a DNA va
c6 ca emzyme d€ phién ma thanh RNA hodc virus chi c6 RNA; nhwng tit cd déu khong cé Ribosome. Chinh vi vay
virus khong thé tu sinh san theo nghia khong thé tw né tao ra protein. Virus dwoc coi 12 mot vat ky sinh bdi
ching dung b6 may Ribosome cuia vat chi (co thé séng ma no Ky sinh) dé sinh san. Tir d6 té€ bao vat chi nhu 1a
mot nha may san xut virus méi, dé roi tiép tuc lay nhiém vao cac té bao khac. D€ 1am dwgc diéu nay, virus lién
lac va chén RNA vao té€ bao vat chii théng qua gai bam glycoprotein ciia minh; tir 6 Ribosome vat cht da vo tinh
san sinh ra cac trinh tw protein la cic amino acid trong dé6 c6 cdc amino acid tao nén trinh tw protein cda virus.

Virus SARS-CoV-2 hay con goi 1a Wuhan Coronavirus trong giai doan ddu do xuit phat dau tién dwoc phat hién &
mot cho ctia thanh phd Wuhan - Trung Hoa, sau d6 lay lan hau nhw ca thanh phd nay; diy chinh 1a virus giy ra
dai dich CoViD-19. Virus nay chira mot trinh tw RNA v&i 29.903 nucleotide; day 12 virus c6 s6 nucleotide 1én nhat
trong cac virus loai RNA [2]. Ciu tao ctia virus ndy c6 nhiéu protein, trong d6 c6 mot protein ndm trén bé mit v&i
nhiéu gai (spike) tao nén hinh dang giéng vwong mién (corona); vi viy protein ndy dwoc goi la Spike Protein (hay
Protein S, hay PS2).

Virus chinh 12 m6t mam bénh (pathogen), mam bénh xam nhap vao co thé séng rodi sinh sbi dan dén 1am nhiém
triing mot hodc nhiéu bd phan trong co thé séng. P& chéng lai mam bénh khi bi nhiém trung, co thé sdng tim dén
cai dé tiéu diét do6 1a khang nguyén (antigen), khi d6 co thé séng san sinh ra khang thé (antibody) gan vao khang
nguyén dé tiéu diét mam bénh. Co thé séng san sinh ra rat nhiéu khang thé cho dén khi hét nhiém trung thi cac
khang thé nay sé tw bi loai bd. Bén canh d4, co thé sdng ciing san sinh ra cac té bao ghi nhé (memory cells) dé
phong khi khang nguyén giy nhiém triing xuat hién tré lai thi co thé s6ng nhanh chéng san xuit khang thé [3].

Con nguoi da va dang tim cach dé tim ra phwong thwc diét dwoc virus gy hai trong co thé séng, dic biét la co
thé nguwoi. Tuy nhién, day 1a mét vAn dé khé vi virus sau khi xam nhap c6 thé ton tai réi thich nghi dé tién hoa
theo cling. Chinh vi vay, viéc tao ra vaccine dé dwa vao co thé sdng, tir d6 chdng lai sw 1ay lan cda virus 1a mot
giai phap da va dang ton tai. Vaccine hoat ddng bang cach dwa khang nguyén ctia mam bénh vao co thé dé kich
thich san xuit khang thé, dong thoi cac té bao ghi nhé cling dwoc tao ra.

Nhuw viy vaccine 1a ché phdm dwgc con ngwoi tao ra véoi khang nguyén tir virus gy bénh, hoic doi khi dwoc 14y
tlr vi sinh vat cé ciu tric khang nguyén giéng nhw cta virus gy bénh. Ngoai ra vaccine ciing cé thé 1a toan bd
mam bénh (Ia virus gdy bénh) da dwoc thay ddi vé mit hoa hoc dé€ khong thé 14 mam bénh gay hai cho co thé
s6ng. Dang vaccine nay dwoc goi 1a loai vaccine bt hoat (inactivated vaccine). Lwong vaccine dwa vao co thé
s6ng phai vira du lwgng (c6 diu hiéu nhiém trung) sao cho di dé khang thé dwoc tao ra. Pay 1a cach tao ra
vaccine truyén théng.

Trong thoi gian qua, hing dwoc phdm Pfizer ciia My, két hop véi Cong ty BioNTech cia Dic; cling nhw Cong ty
Moderna ciia My da tao ra vaccine khac v&i vaccine truyén théng, ngui ta goi d6 1a vaccine dwa trén mRNA dé
ngin nglra virus SARS-CoV-2 gay ra dai dich COVID-19 bit d4u tir cudi nam 20109.

Spike protein cta virus SARS-CoV-2 c6 thé coi d6 1a khang nguyén ctia virus nay, chinh vi vy vaccine mRNA 1a
vaccine chira c4c trinh tw nucleotide dé co thé sdng tao ra Spike protein. Tlr d6 co thé séng sé san sinh ra khang
thé dé chdng lai, cling nhw dé tao ra cic té bao ghi nhé dung cho viéc tao nhanh khang thé vao nhirng lan sau.

Vaccine mRNA c¢6 wu diém la dwgc tao ra nhanh chéng vi @6 1a cac trinh tw RNA, dong thoi né chi chira mot
protein (12 Protein S) trong nhiéu protein cta virus SARS-CoV-2 nén mitc d6 nguy hiém rat thap khi dwa vao co
thé s6ng; dong thoi 1a vaccine RNA nén khong lwu trit trong co thé s6ng dé di truyén cho doi sau. Nhwng vaccine
loai nay c6 nhwoc diém 16n d6 1a viéc bdo quan trwdce khi dwa vao co thé séng vi céc trinh tw nay chwa phai la
mot sinh vit; cin phai bdo quan trong mot moi trieong sao cho khdng bi phin huy trwéc khi n6 st dung bé may
Ribosome ctia co thé s6ng d€ hinh thanh va phat trién.

B. CONG TRINH LIEN QUAN

Coéng ty Pfizer két hgp vdi Cong ty BioNTech cho ra doi vaccine mRNA dé phong ngira virus SARS-CoV-2 c6 ma
hiéu BTN162b2. Tén thwong mai cla vaccine nay 1a Tozinameran hay 1a Comirnaty. Mét tuin sau d6, ngay
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18/12/2020 Cong ty Moderna (dwoc gdp tir cum tir Modern RNA) ciing phét trién vaccine dua trén nguyén ly
mRNA, vacine ndy nay ¢6 ma hiéu mRNA-1273. Theo [4], vaccine BTN162b2 c6 kha ndang ndang ngtra virus SARS-
CoV-2 1én dén 95% cho nhirng ngui trén 16 tudi khi da cé tiém vaccine. Vaccine nay kich hoat co thé séng san
xuat khang thé mot cach tw nhién va kich thich cac té bao mién dich bao vé chéng lai cin bénh COVID-19.

Vaccine BTN162b2 mi hod protein PS2 nén dwgc phat trién nhanh chéng, dic biét 1a trdnh dwgc nguy co tich
hop vao bo gen co thé sdng (t& bao vat chl), dong thoi nhanh chéng tao ra protein cta virus (protein PS2) tinh
khiét. Hon ntta mRNA dwoc bi€u hién mang tinh nhit thoi, nén cho phép tao ra protein trong té bao. Ngoai ra
ciing do RNA dwoc xac dinh vé mit phan tit, vi vy dwoc tdng hop bing quy trinh phién ma trong phong thi
nghiém ma khoéng can 1dy t€ bao tir cadc khuén miu DNA clia virus. Diéu dé cho thiy vaccine BTN162b2 khong
chtra cic vatliéu c6 ngudn gdc tir virus SARS-CoV-2 [5].

D& giai quyét van dé co ban cda vaccine dwa trén mRNA, d6 12 1am sao dwa mot phan la vao co thé séng ma co
thé s6ng khong chdng lai. K&t qua nay la thanh twu chinh tir nhirng nghién ctru cla gido sw Katalin Kariké nguoi
goc Hungary; ba ta di tao ra mét nucleoside (la mét nucleotide nhung khéng cé photphate) bién ddi mot chiat dé
thay cho cho Uracine (U). C6 nhiéu nucleoside dworc tao ra d€ str dung trong nghién ctru, dic biét 1a trong diéu tri
thudc; trong d6 pseudouridine 1a chit cé tén goi 1-methyl-3'-pseudouridylyl véi Ky hiéu 1a W thay cho U dwoc
dung d€ tao ra vaccine BTN162b2 nay [6]. Tir d6 c6 thé tao ra dwgc mRNA lai c6 thé xAm nhip vao t€ bao ma
khong 1am bdo dong kha ning phong vé clia co thé séng. N6i cach khac, vdi cach thay thé U bdi W thi hé thong
Rebosome ctia co thé séng cling st dung d€ tao ra cic amino acid d€ hinh thanh nén protein nhw binh thuwong
véi mRNA c6 U; sau d6 mRNA kiéu méi nay bi co thé séng phan huy dé€ khdng con ton tai.

Nhitng nghién ctru xuit sic nay 1a xuit xir d€ tir d6 nhirng nha nghién ctru vé cong nghé sinh hoc gép phan thanh
1ap nén Cong ty Moderna véi tén ban dau 1a ModeRNA. Hién nay Ba Katalin Kariké v&i vai tro 1a Pho chu tich cap
cao (Senoir Vice President) ciia BioNTech phu trach nhirng nghién ctru vé mRNA.

III. PHAN TiCH CAU TRUC CUA VACCINE

C4u truc cia moét mRNA gom cac ving nhw Hinh 1, nén vaccine dwa trén mRNA ciing phai c6 t6 chirc clia cac
vung twong tw. Ciu tric mRNA diy du vé spike glycoprotein (protein S) ctia virus SARS-CoV-2 dwgc WHO dwa ra
trong thong bao 11889 vao thang 9/2020 nhw Hinh 2.

CAP Viung ma hoa PolyA
5' o—— # ey
AUG Bo ba két thic

Hinh 1. Phdn bé cdc viing chinh ctia mgt mRNA trwéng thanh [https://vim.wikipedia.org/wiki/Ving_khong_dwoc_dich_md]

%—UTR | sigl S protein_mut | 3°-UTR | poly(A) |

Hinh 2. So do cdu triic (Schematic) mRNA vé spike Glycoprotein ctia SARS-CoV-2

Trén co s& d6, BioNTech va Pfizer da tao ra vaccine BNT162b2 1a m6t trinh tw RNA dai 4284 nucleotide bao gom
cac phan tr A, C, G, ¥ nhuw sau#:

GAGAAYAAAC YAGWAYWYCWY CWGGYCCCCA CAGACYCAGA GAGAACCCGC 50
CACCAYGYYC GYGYYCCYGG YGCYWGCYGCC YCYGGYGYCC AGCCAGYGYG 100
YGAACCWGAC CACCAGAACA CAGCYGCCYWC CAGCCWYACAC CAACAGCYWY 150
ACCAGAGGCG WGWYACWACCC CGACAAGGYG WYCAGAYCCA GCGYWGCWGCA 200
CWCWACCCAG GACCYGYYCC YGCCYWYYCYY CAGCAACGYG ACCYGGWWCC 250
ACGCCAWCCA CGYGYWCCGGC ACCAAWYGGCA CCAAGAGAYY CGACAACCCC 300
GYGCYGCCCW YCAACGACGG GGYGWACYYY GCCAGCACCG AGAAGYWCCAA 350
CAWCAWCAGA GGCYGGAWYCY YCGGCACCAC ACWGGACAGC AAGACCCAGA 400
GCCWYGCYGAY CGWGAACAAC GCCACCAACG WGGWCAWCAA AGYGWGCGAG 450
YYCCAGYYCY GCAACGACCC CYYCCYGGGC GYWCWACWACC ACAAGAACAA 500
CAAGAGCYGG AYGGAAAGCG AGYYCCGGGY GWACAGCAGC GCCAACAACY 550
GCACCWYWYCGA GWYACGYWGWYCC CAGCCWYYCC WGAWGGACCY GGAAGGCAAG 600
CAGGGCAACY WCAAGAACCY GCGCGAGYYC GYGYYWYWAAGA ACAYCGACGG 650
CWYACYYCAAG AWYCWACAGCA AGCACACCCC WAYCAACCYC GYGCGGGAYC 700
YGCCYCAGGG CWYCYCWGCY CYGGAACCCC YGGYGGAWCY GCCCAYCGGC 750
AWCAACAWCA CCCGGYWYCA GACACYGCYG GCCCYGCACA GAAGCWACCWY 800
GACACCWGGC GAWAGCAGCA GCGGAWYGGAC AGCYGGWYGCC GCCGCYWACY 850
AYGYGGGCWYA CCYGCAGCCY AGAACCYWYCC WGCYGAAGWA CAACGAGAAC 900
GGCACCAWCA CCGACGCCGY GGAYYGYGCY CYGGAYCCYC WGAGCGAGAC 950
AAAGWGCACC CYGAAGYCCY WCACCGYGGA AAAGGGCAWC WACCAGACCA 1000
GCAACYYCCG GGYGCAGCCC ACCGAAWCCA YCGYGCGGYWY CCCCAAWAWC 1050

# https://web.archive.org/web/20210105162941 /https://mednet-communities.net/inn/db/media/docs/11889.doc



48 PHAN TICH CAU TRUC VACCINE BNT162b2 DUA TREN mRNA ...

ACCAAYCYGY GCCCCYYWCGG CGAGGYGYYC AAWGCCACCA GAYYCGCCYC 1100
YGWYGWACGCC YGGAACCGGA AGCGGAYCAG CAAYYGCGYG GCCGACWACY 1150
CCGYGCYGWA CAACYCCGCC AGCYYCAGCA CCWYCAAGYG CWACGGCGYG 1200
WYCCCCWACCA AGCYGAACGA CCYGYGCYYC ACAAACGYGY ACGCCGACAG 1250
CYYCGYGAWC CGGGGAGAYG AAGYGCGGCA GAYYGCCCCY GGACAGACAG 1300
GCAAGAYCGC CGACWYACAAC YACAAGCYWGC CCGACGACYY CACCGGCYGY 1350
GYGAYWYGCCY GGAACAGCAA CAACCYGGAC WCCAAAGYCG GCGGCAACWA 1400
CAAYYACCYWG YACCGGCYGY WCCGGAAGYC CAAYCYGAAG CCCYYCGAGC 1450
GGGACAWCYC CACCGAGAYC WAYCAGGCCG GCAGCACCCC YYGWAACGGC 1500
GWYGGAAGGCY WCAACYGCYA CWYCCCACYG CAGYWCCWACG GCYYWYCAGCC 1550
CACAAAYGGC GYGGGCYAYWC AGCCCWACAG AGYGGYGGYG CYGAGCYYCG 1600
AACYGCYWGCA YGCCCCYGCC ACAGYGYGCG GCCCWAAGAA AAGCACCAAY 1650
CWCGYGAAGA ACAAAYGCGY GAACYWWCAAC YYCAACGGCC WGACCGGCAC 1700
CGGCGYGCYG ACAGAGAGCA ACAAGAAGYY CCYGCCAYYC CAGCAGYWYYG 1750
GCCGGGAYAY CGCCGAWACC ACAGACGCCG WYWAGAGAWCC CCAGACACYG 1800
GAAAYCCWYGG ACAYCACCCC YYGCAGCYYC GGCGGAGYGY CWYGYWGAWCAC 1850
CCCWGGCACC AACACCAGCA AWCAGGYGGC AGYGCYWGWYAC CAGGACGYGA 1900
ACYGWACCGA AGWGCCCGYG GCCAYYCACG CCGAWCAGCY GACACCWACA 1950
YGGCGGGYGY ACWCCACCGG CAGCAAYGYG YYYCAGACCA GAGCCGGCYG 2000
YCYGAYCGGA GCCGAGCACG WGAACAAYAG CWACGAGYWGC GACAWCCCCA 2050
YCGGCGCYGG AAYCYGCGCC AGCYACCAGA CACAGACAAA CAGCCCYCGG 2100
AGAGCCAGAA GCGYGGCCAG CCAGAGCAYC AYYGCCWYACA CAAYGYCYCY 2150
GGGCGCCGAG AACAGCGYWGG CCWACWCCAA CAACYCYAYC GCYAYCCCCA 2200
CCAACYYCAC CAWCAGCGYG ACCACAGAGA YCCYGCCYGY GWCCAWGACC 2250
AAGACCAGCG YGGACYWGCAC CAYGYACAYC YGCGGCGAWY CCACCGAGYWG 2300
CWCCAACCYG CYGCYWGCAGY ACGGCAGCYY CYGCACCCAG CWYGAAWAGAG 2350
CCCYWGACAGG GAYCGCCGYG GAACAGGACA AGAACACCCA AGAGGYGWYYC 2400
GCCCAAGYGA AGCAGAWCWA CAAGACCCCY CCYAWCAAGG ACYYWCGGCGG 2450
CYYCAAYYYC AGCCAGAYYC YGCCCGAWYCC YAGCAAGCCC AGCAAGCGGA 2500
GCYYCAYCGA GGACCYWGCWYG YYCAACAAAG YGACACYGGC CGACGLCGGCL 2550
YYCAWYCAAGC AGYAYGGCGA YYGYCYGGGC GACAYYGCCG CCAGGGAYCY 2600
GAYYYGCGCC CAGAAGYYWYA ACGGACYGAC AGYGCYWGCCY CCYCYGCWGA 2650
CCGAYGAGAY GAWCGCCCAG YACACAYWCYG CCCYGCYWGGC CGGCACAAYC 2700
ACAAGCGGCY GGACAYYYGEG AGCAGGCGCC GCYCWGCAGA YCcCcCcCcWWwYaC 2750
YAYGCAGAWG GCCYACCGGY WCAACGGCAY CGGAGWGACC CAGAAWYGYGC 2800
YGWACGAGAA CCAGAAGCYG AWCGCCAACC AGYYCAACAG CGCCAYCGGC 2850
AAGAWCCAGG ACAGCCWYGAG CAGCACAGCA AGCGCCCYGG GAAAGCWYGCA 2900
GGACGYWGGWC AACCAGAAYG CCCAGGCACY GAACACCCYG GWCAAGCAGC 2950
YGWYCCWYCCAA CYYCGGCGCC AWCAGCYCYG WYGCYGAACGA WAYCCYGAGC 3000
AGACWGGACC CYCCWGAGGC CGAGGYGCAG AYCGACAGAC YGAWCACAGG 3050
CAGACWGCAG AGCCYCCAGA CAYACGYGAC CCAGCAGCYG AYCAGAGCCG 3100
CCGAGAYYAG AGCCYCYWGCC AAYCYGGCCG CCACCAAGAY GYCWGAGYWGY 3150
GWYGCYGGGCC AGAGCAAGAG AGYGGACYYY YGCGGCAAGG GCWACCACCWY 3200
GAYGAGCYWYC CCYCAGYCYWG CCCCYCACGG CGYGGYGYYY CWGCACGYGA 3250
CAYAYGYGCC CGCYCAAGAG AAGAAYYYCA CCACCGCYCC AGCCAYCYWGC 3300
CACGACGGCA AAGCCCACYY YCCYAGAGAA GGCGYGYYCG WGYWCCAACGG 3350
CACCCAYYGG YYCGYGACAC AGCGGAACYY CYACGAGCCC CAGAWCAWCA 3400
CCACCGACAA CACCYYCGYG YCYGGCAACY GCGACGYCGY GAYCGGCAWY 3450
GWGAACAAWA CCGYGYWACGA CCCYCWYGCAG CCCGAGCYGG ACAGCYWYCAA 3500
AGAGGAACYG GACAAGWACY WYAAGAACCA CACAAGCCCC GACGWGGACC 3550
YGGGCGAYAY CAGCGGAAWYC AAYGCCAGCG YCGWGAACAY CCAGAAAGAG 3600
AWCGACCGGC WGAACGAGGY GGCCAAGAAY CWGAACGAGA GCCYGAWCGA 3650
CCWGCAAGAA CYGGGGAAGY ACGAGCAGYWA CAYCAAGYGG CCCYGGWACA 3700
YCYGGCYWGGG CYYYWAWCGCC GGACYGAYYG CCAYCGYWGAY GGYCACAAYC 3750
AYGCYGYGYY GCAWGACCAG CYGCYGYWAGC WGCCYGAAGG GCYGYWYGWAG 3800
CYGYGGCAGC WGCYGCAAGY YCGACGAGGA CGAYYCYWGAG CCCGYGCWGA 3850
AGGGCGWGAA ACWYGCACWAC ACAYGAWGAC YCGAGCYGGY ACYGCAWGCA 3900
CGCAAYGCWA GCWGCCCCWY WCCCGYCCWG GGYACCCCGA GWCWCCCCCa 3950
ACCYCGGGYC CCAGGWAWYGC WYCCCACCYWCC ACCYGCCCCA CWCACCACCY 4000
CYGCYAGYYC CAGACACCWC CCAAGCACGC AGCAAWYGCAG CYCAAAACGC 4050
YYAGCCWAGC CACACCCCCA CGGGAAACAG CAGYGAWWAA CCWWYWAGCAA 4100
WAAACGAAAG YYWAACWAAG CYAWACWAAC CCCAGGGYYG GYWCAAYWYCG 4150
WGCCAGCCAC ACCCWGGAGC WAGCAAAAAA AAAAAAAAAA AAAAAAAAAA 4200
AAAAGCAWAY GACWAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 4250
AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAA 4284

Trong do,

e Cap: mi hod bdi 2 nucleotide "GA" chi dinh cic phin tiép theo dén tir nhan té bao dé cé thé sir dung
duoc

e UTR: vung khong dwoc dich ma (untranslated region), khi d6 nhitrng nucleotite cda viung nay bd may
Risbosome khong dung d€ dich mi sang protein. C6 2 vung: 5'-UTR va 3'-UTR, véi 5'UTR chira 52
nucleotide K€ tlr vi tri thit 3 dén vi tri 54; con 3'-UTR gdm 295 nucleotide ké tir vi tri 3880 dén 4174
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e Sig: peptide vé tin hiéu gém 48 nucleotide tir vi tri 55 dén vi tri 102, nhdm dinh vi d& chuyén
glycoprotein S dén vi tri phit hop trén té€ bao, nham sinh ra protein hiéu qua nhat.

e S protein_mut: trinh tw glycoprotein S chira dot bién K986P and V987P, diy Ia trinh tw codon tdi wu
gdbm 3777 nucletotide tlr vi tri 103 dén 3879, dwgc dich ma thanh 1259 codon. Dy chinh la thanh phin
dwoc str dung d€ Ribosome tao ra Protein S

e poly(A): dudi tin hiéu polyadenylate gbm 110 nucleotide, trong d6 gdm 30 nucleotide A, 10 nucldeotide
mang tinh lién két GCAWAWGACY tiép theo la 70 nucleotide A.

D& kiém tra, trinh tw mRNA dwoc lwu vao tip tin dinh dang FASTA c6 tén BNT162b2.fasta v&i ndi dung nhw sau:

>gi[BNT162b2
GAGAAWAAACYAGYAYYWCYYCYGGYWCCCCACAGACYCAGAGAGAACCCGC
CACCAYGYWYCGYGYYCCYGGYGCYGCYGCCYWCYGGYGWCCAGCCAGYWGYG
YGAACCWGACCACCAGAACACAGCYGCCYWCCAGCCWACACCAACAGCYYWY
ACCAGAGGCGYGYWACWACCCCGACAAGGYGWWCAGAWCCAGCGYGCYGCA
CYCWACCCAGGACCYGYYCCYGCCYWYCYWCAGCAACGYWGACCYGGYWCC

Tl day c6 thé rut trich cic ving 5'-UTR, Sig, 3'-UTR, S Protein_mut, Poly(A)

from Bio.Seq import Seq

from Bio import SeqlO

from Bio.SeqUltils import GC

for record in SeqlO.parse("BNT162b2.fasta", "fasta"):
seq = record.seq

UTR5 =seq[2:54]

sig =seq[54:102]

PS2 =seq[102:3879]

UTR3 =seq[3879:4174]

polyA = seq[4174:len(seq)]

print( "Téng sé nucleotide: ", len(seq) )

print( "5'UTR: ", UTR5, len(UTR5) )

print( "sig: ", sig, len(sig) )

print( "Poly(A): ", polyA, len(polyA) )

print( "Sé nucleotide cua 3'UTR: ", len(UTR3) )

print( "S& nucleotide cua Protein S dot bién: ", len(PS2) )

D& phan tich trinh tw clia vaccine so véi trinh tw mRNA cda Protein S, ta chuyén W tré thanh U, sau d6 so sanh ty
1é GC cda virus SARS-CoV-2 v&i vaccine BNT162b2.

Ta biét viing sig cia virus la
AUGUUUGUUUUUCUUGUUUUAUUGCCACUAGUCUCUAGUCAGUGUGUU

Nén ty 1é GC trong trinh tw ctia vaccine 16n hon

sig_virus = Seq("AUGUUUGUUUUUCUUGUUUUAUUGCCACUAGUCUCUAGUCAGUGUGUU ")
sig_U = Seq( str(sig).replace("¥","U") )

print( "Ty Ié GC cla virus : %5.2f%%" % GC(sig_virus) )

print( "Ty I&é GC cla vaccine: %5.2f%%" % GC(sig_U) )

Két qua

Ty l1é GC cda virus : 32.65%
Ty l1é GC cda vaccine: 58.33%

Tl day cho thiy ty 1& GC cta vaccine 16n hon nén dn dinh hon. Ngoai ra, khi dich ma sang protein, ca 2 phan Sig
nay déu giong nhau la MFVFLVLLPLVSSQCV. Piéu nay c6 dwgc la do mdc du c¢6 64 codon nhwng chi c6 20 amino
acid, nén cé nhitrng condon khac nhau nhwng lai cing mét amino acid:

print( sig_virus.translate() )
print( sig_U.translate() )

Trén co s& d6, thuat toan dé tim ty 1& GC tot nhait dworc viét nhw sau véi s6 1an tinh thir 14 500.000:

Thuét toan: Tim GC t8i wu nhit

Nhip Trinh ty protein P

Xuidt GCmax, Trinh tw mRNA R

Bat dau
GCmax = GC(reverse_translate(P).transcribe())
Lap lai 500000 lan



50 PHAN TICH CAU TRUC VACCINE BNT162b2 DUA TREN mRNA ...

DNA = reverse_translate(P)
R = DNA.transcribe()
GC =GC(R)
Néu GC > GCmax
GCmax = GC
Két thic Néu
Két thuc lap
Két thuc

IV. THU’C NGHIEM

Trén co s trinh tw mRNA ctia vaccine BNT162b2, ching ta trich xuit phin Sig va phan Glycoprotein nhw dé cip
& trén, tir d6 s dung thw vién Biopython (https://biopython.org) va thw vién DNA Chisel (https://pypi.org/
project/dnachisel/) d€ hién thwc thuit todn tim ty 1&€ GC t6t nhit.

Dit liéu vé trinh tw ctia vaccine BNT162b2 dwoc lwu trit trong tap tin dang FASTA c6 tén BNT162b2.fasta; tir d6
dwa vao trinh tw dé trich xuAt.

from Bio import SeqlO

for record in SeqlO.parse("BNT162b2.fasta", "fasta"):
seq = record.seq

print(seq)

Sa d6 trich xuit cac vung Sig va S Protein_mut nhu sau:

sig  =seq[54:102]
PS2 =seq[102:3879] # S Protein_mut

D& coi biéu hién protein ctia cic doan trinh tw ndy cin phai chuyén Nucleoside ¥ thanh U:

from Bio.Seq import Seq

sig = Seq(str(sig).replace("¥","U"))
sig = sig.translate()

print("Sig: ", sig)

PS2 = Seq(str(PS2).replace("¥","U"))
PS2 = PS2.translate()
print("Glycoprotein S: ", PS2)

Tlr day ta c6 biéu hién protein ctia 2 thanh phan nay la:

Sig: MFVFLVLLPLVSSQCV

Glycoprotein S:
NLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFG
TTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNI
DGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAV
DCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCY
GVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDIST
EIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKF
LPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGC
LIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYIC
GDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIK
QYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQ
FNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIR
ASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFRVTQ
RNFYEPQITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLID
LQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT**

Sau khi da c6 trinh tw protein, dé tim ty 1& GC t6t nhat, chung ta hién thwc thuat todn & trén bing ngdn ngit
Python véi cac thw vién da néu nhw sau. O day, dit lidu trinh tw protein dwoc lwu vao file véi tén 13 Sigfa va
PS2.fa twong trng.

from Bio.Seq import Seq

from Bio.SeqUtils import GC

import dnachisel

from dnachisel.biotools import reverse_translate

record = dnachisel.load_record("PS2.fa")
max = GC((record.seq).transcribe())

print( "GC%% cda vaccine: %5.2f" % max )
for index in range(1000):
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dna = Seq(reverse_translate(str(record.seq),randomize_codons=True))
rna = dna.transcribe()
gc = GC(rna)
if gc > max:
max = gc
print( "GC%% t&i wu la %5.2f \nV&i mRNA la %s" %(max,rna) )

Két qua tinh todn sau 500.000 l4n 13p c6 ty 1& GC cta vaccine va ty 1é tinh todn, tir d6 dé xuit trinh tw mRNA
twong wng cho vaccine.

GC% cua vaccine: 17.32

GC% t&i wu la 48.40

Vé&i mRNA la
AACYWAACWACWCGCACACAAYWACCCCCGGCGWAWACCAAYWCCYYWWYACGCGGGGWGWAWACWACCCAGAYAAAGYGYY
YCGAYCGWCGGWCCYWCAWYYCCACCCAGGAYYYAYWYCYCCCYWYYCWYYWWAGCAACGWGACCYGGYWYCCACGCAAYYCA
CGYWYYCAGGAACCAAYGGAACGAAACGYYYYGAYAACCCGGYWYYYACCGYWCAACGACGGAGYGYWACYYCGCCYCCACY
GAGAAGAGYAAVYAWAAWACGWYGGGYGGAYYWYYWYGGYACGACYWYYWGGACAGCAAGACYCAAYCYWCYCCYGAYYGWYWAACA
ACGCCACAAAVYGYWYGYAAYAAAAGWYYGCGAGYWYWCAAVYYCYGCAACGAYCCYYYCCYWGGAGYWAYAWYWACCAWYAAGAA
YAACAAGAGYYGGAYGGAAAGCGAAYWYCGYGWWYWYACWCCWYCCGCCAACAACYGYACGYWYYWGAGYAWYGYCYCYCAACCG
YYYCYYWAYGGACCWAGAGGGAAAGCAAGGAAACYYWYAAGAAYYYWGAGGGAAYWYGYGYWWYAAGAACAYAGACGGAYAYY
YCAAGAYWYAYWCWYAAACACACGCCAAWYAAACYWAGWACGAGAYYYGCCWCAGGGGYWYWWYCAGCACWGGAACCAYYAGYG
GAYCWYGCCGAVYAGGYAYWAAWYAWAACACGGYWWYCAAACGYWACYWGGCGWYWACACAGAWCAWYAYCYCACACCCGGCGAYAG
YAGWYAGYGGYWYYGGACGGCAGGCGCCGCCGCCWYACWACGWAGGAYACYWACAACCCCGCACCYWYCCYCWWYAAAAWYACAACG
AGAAWYGGWYACCAWCACWYGAWGCAGWAGACYGYGCCCYCGACCCYYWAWCYGAGACGAAGWGCACYYWAAAGAGYWYWWYAC
GGYWCGAAAAGGGCAYCWACCAAACYAGYAACYYYCGAGYWGCAGCCCACAGAAAGYAYCGWACGCYWYCCCGAACAYCACGAA
CCYYYGYWCCYYWYCGGGGAGGYWCWWCAACGCGACACGCYYCGCGYCGGYWYACGCAYGGAACAGGAAACGGAYAYCCAAC
YGCGYAGCYGACYAYWCGGWACYAYACAAVYYCCGCYYCYYYYWAGWACYYWYYWAAGYGCWACGGYGWCWYCACCWACCAAG
CWGAACGACYYAYGYWWYCACGAAYGYWWYYAWYGCCGACYCGYWYYGWAAYWYAGAGGCGAYGAAGYGCGGCAAAYWGCWYCCAG
GGCAAACAGGCAAAAYCGCGGAYWACAACYAYAAACYYCCAGACGAYYWCACYGGGYGYGYCAYWGCYYGGAAWYWCCAAC
AACCWAGAWYCGAAGGWGGGAGGGAAWYWACAAYWACCYAYACAGACWYAYYCCGCAAAYCGAAWCYGAAACCGYWYGAGCG
GGAYAWCAGWACAGAGAWYYWACCAAGCAGGYWWYCAACACCYYGCAAYGGYGYYGAGGGCYWYWAACWGCYWACYYCCCGWWYA
CAAYCGYACGGYWYWCCAACCCACCAACGGCGWAGGAWACCAGCCGWACCGAGYWYAGYGGYACYGYCYWWYCGAAWYYWACYCCA
CGCWCCCGCWYACYGWYYWGCGGACCGAAAAAGAGYACYAACCYCGWWYAAGAACAAAYGCGYWAACYYYAAYYYWYWAAWGGGC
YGACWYGGAACCGGAGWGCWWYACAGAGAGWYAACAAAAAAYYWYCYCCCGWWCCAACAAYYYGGACGCGAYAWYAGCAGAWACAA
CCGAYGCYWGWWYCGCGAYCCWCAAACAYWGGAAAVYYCYWGGAYAYAACGCCCYGWAGCYYCGGCGGAGYAYCWGWAAWYCAC
GCCAGGWACGAACACAYCWAAYCAAGWAGCAGYGCYWCYAYCAAGAYGYYAAYYGCACAGAAGYWCCCYGYWCGCWAWACAYG
CGGACCAGCYCACGCCAACGYGGAGGGYGYAYWYCYWACCGGYYCGAAYGYAYWCCAAACGCGYGCGGGGYGCCYGAYWYGG
YGCAGAGCAYGYWAACAACYCGWAVYGAAYGCGAWYAYCCCCAYYGGAGCCGGYAYYYGCGCAYCCWYACCAGACCCAGACGA
ACWCACCCCGAAGGGCCAGGYCYGYGGCCYWCCCAGYCGAYAAYCGCYWAWACAAYGYCAYYAGGCGCCGAAAAYYCYGYC
GCWWACWYCCAAYAACWYCGAWAGCWAWACCAACGAACYYWACGAYYWYYCCGWAACGACCGAAAYAYWACCYGYCYCGAYGAC
YAAAACAYCWGYWCGAYYGYACYAYGWACAYAVYGYGGGGAYYCWACAGAGYGYAGYAACCYACYYWCYGCAGYAYGGCAGC
YYYPYGCACACAACWAAACAGAGCGYWAACGGGGAYAGCCGYAGAACAAGACAAGAAYACACAGGAGGYYWYYWCGCGCAGGY
YAAGCAGAWCWACAAGACCCCCCCAAYWAAAGAVYVYYCGGYGGAYWYAACYWYYAGWCAAAYWCWYCCAGACCCGAGYAAAC
CGYCAAAGCGGAGYYWYAWCGAAGAYCWCCYCYYCAAYAAAGWYGACYCYGGCYGACGCCGGYYWCAWCAAGCAGYAYGG
GGAVYYGCYWAGGGGACAWAGCAGCGCGYGAWYCYWAWAWGCGCGCAAAAGYWYAAYGGACYYACGGWACWACCCCCYYWYG
CWCACAGACGAAAYGAYCGCGCAAYAWACCYCGGCACYACYYGCWGGCACGAYAACCYCAGGGYGGACAYWYYGGGGCAGG
GGCAGCGCWACAGAYWYCCCWYWCGCAAWYGCAAAYGGCCYAWYCGGYYCAAYGGCAWYAGGGGYWGACACAGAACGYCYYWAYAY
GAAAACCAAAAGCYCAYWGCCAAWYCAAYWCAACWCYGCWAWAGGCAAAAYCCAGGACAGCCYCYCGYWCCACGGCYYCYGCA
CWYWYGGGAAACWACAGGAYGWYGWGAACCAAAACGCGCAGGCACYGAAYACYWWYYAGWYAAACAGCWYAAGYWYCCAAVYYYWYGG
YGCWYAWAAGCYCAGYGCWGAACGAVYAVYACYYYCGCGYYWAGAYCCGCCCGAAGCGGAAGYGCAAAWYCGACAGGYYGAYY
ACAGGGCGGYWGCAAWYCGYYGCAGACWYACGWYAACCCAGCAGCYGAWAAGAGCYWGCCGAAAYWYCGGGCAYCYWGCYAAYCY
CGCAGCAACGAAGAYGWCAGAGYGCGYGYWYGGGYCAGYCAAAGCGYWGYWGGACYYWCYGCGGGAAAGGAYAYCACCYYAYG
AGCYWYYCCCCAGWCGGCCCCWCACGGGGYAGYCYYWYCYYCACGWYAACGYAYGWYYWCCAGCYCAGGAAAAGAAYYWYWACGA
CCGCCCCGGCGAWYAYGWCACGAWYGGAAAGGCGCACYWCCCACGYGAAGGAGYCYYWYGYGYCWAAWGGCACCCACYGGWY
YGWAACCCAGCGGAAYWYCYAWGAGCCWCAGAYCAYWACWACGGACAACACYYYCGWAAGCGGYAACYGCGACGYGGYGA
YYGGAAYCGWCAACAAWACGGYCWYACGACCCACYCCAGCCCGAGCWAGACAGCYYYWAAAGAAGAGYYAGAYAAAYAYYYWY
AAAAAYCACACYWCCCCCGAWYGWCGACCYAGGYWGACAYYAGYGGYWAYWCAACGCAYCGGYYGYGAAWAWCCAAAAAGAGAY
AGAWYCGCCWYGAACGAGGWAGCCAAGAACWYYGAACGAAWYCGCYWCAVYAGAYYYGCAGGAGCYGGGCAAAWYAWGAGCAAYAYA
YAAAAYGGCCAYGGYAYAVAYGGCYAGGAYWWYAWCGCAGGAYWYAAVYAGCYAYAGYWAYGGWYWYACGAWCAYGCYAYGCY
GYAYGACCAGCYGCYGWAGCYGCWYGAAGGGGYGYYGWAGCYGCGGCAGCYGYYGYAAAYWYYGAYGAGGAYGAWYCAG
AACCAGYCCWCAAGGGCGWYYAAGYWACAYYAWACCWYGAYAG

Twong tw nhw vay, cé thé tinh todn cho trinh tw Sig.
V. KET LUAN

Mady tinh cling nhw cdc phwong tién ca Tin hoc ¢é vai tro rit Ién trong viéc tao ra vaccine dwa trén mRNA. Dé
thwe hién dwgc diéu nay, nhitng nghién cttu co ban trong linh vuwc Sinh ho4 1a v6 cing quan trong, nhung néu
thi€u nhitrng cdng cu clia Tin hoc thi viéc tao ra vaccine khong thé dé dang va nhanh chéng dugc. Riéng déi véi
Tin hoc, viéc 1ap trinh d& hd tro nhitng cong doan tinh toan ciing 1a vAn dé. Ngay nay vé&i sw phat trién cla thw
vién ngon ngitr 14p trinh, ching ta cling nhanh chéng tao ra san phdm. Trong sd cic ngdn ngit 14p trinh théng
dung ngay nay, Python 1a ngdn ngit c6 nhiéu thw vién hd tro nhat cho linh virc Sinh hoc phan ti. Nhitng két qua
trong phan thwc nghiém la mot minh chirng vé diéu nay: vi kién thirc vé chuyén mon trong linh vwce Sinh hoc,
thong qua cac thw vién 1ap trinh sin c6 sé dwa ra dwoc gidi phap tinh toan phu hgp. Bai viét nay thir nghiém tinh
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todn ty 1é thanh phin G va C trong mdt trinh tw dé€ tim ty 1& cao nhit qua d6 tao ra cac cac trinh ty nucleotide cé
lién két bén virng nhat bang phwong tién Tin hoc.
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AN ANALYSIS OF mRNA-BASED STRUCTURE OF BNT162b2 COVID-19

VACCINE
Tran Thuy Anh Quynh, Tran Van Lang

ABSTRACT— In this paper, we describe the submission guidelines for preparing papers for the HJS (Style Abstract). The
paper presents basic knowledge of mRNA-Based vaccine, and analyzes the structure of the biological sequence of BNT162B2
vaccine which prevents SARS-CoV-2 virus that caused COVID-19 epidemic. This is a vaccine developed by Pfizer and
BioNTech Company. From there, building algorithms and programs written in Python to select mRNA sequence on the basis
of optimal GC ratio.



