Chuong 1

Lugc st sinh hoc phan t& va sy ra
doi cua hé gen hoc tinh toan

Théng 4 nam 1953, tap chi Nature ding mot bai bao dai chua dén hai trang ctia hai nha
khoa hoc tré § Cambridge. Bai b4o khong cé s6 lidu thi nghiém nao do chinh ho do duge, chi
c6 mot md hinh, mét hinh vé don gidn va vai 1ap ludn ngin gon. Tuy viy, bai bdo nay da
dit nén tang cho sinh hoc phan ti hién dai. B4y muoi nim sau, ching ta cé thé doc toan
bd hé gen (genome) clia mot ngudi trong vai ngay, v6i chi phi chi vai tram d6 la. Khé khan
gid day khong con nam & vieec doc DNA, ma & viéc hiéu nhiing gi vita doc duge. Mdi ngudi
tao ra hang tram gigabyte dit liéu v6i hang triéu vi trf khac biét so véi hé gen tham chiéu
(reference genome), trong khi chi mot s6 {t trong d6 c6 ¥ nghia sinh hoc. Hé gen hoc tinh
toan (computational genomics) ra ddi dé giai quyét van dé nay.

Chuong nay diém lai luge sit sinh hoc phan tit (molecular biology) theo hai chang. Ching
thtt nhat, tit khi nuclein duge phat hién nim 1869 dén khi ma di truyen (genetic code) dudc
gidi xong vao gitta thap nién 1960, tra 15i cdu hoi vat chat di truyen (genetic material) 1a gi
va hoat dong ra sao. Ching thit hai, tit phuong phap Sanger nam 1977 dén pangenome ngudi
nam 2023 (b6 hé gen tham chiéu gom hé gen ciia nhiéu ngudi thay vi ctia mot ngudi), 1a lich
st ciia viéc doc DNA & quy mo ngay cang 16n. Trén nén d6, phan cudi chuong giai thich vi
sao hé gen hoc tinh toan ra ddi, va nhitng bai todn nao dang dat ra cho linh vyc nay hién
nay. Muc dich ctia chuong khéng nam & céc mbe lich stt, ma & viéc cho thidy mdi budc tién
trong sinh hoc lai kéo theo nhu cau tinh toan méi.

1.1 Phat hién vat chit di truyén

Niam 1866, Gregor Mendel da chitng minh rang tinh trang (trait) dudc truyén qua cic thé
hé bang nhitng “nhan t6” riéng ré. Tuy nhién, ban chit vit chit clia cdc nhan t6 nay van
chua duge x4c dinh trong gan mot thé ky sau d6. Chi ba nim sau, vao nam 1869, Friedrich
Miescher, mot bac si tré ngusi Thuy Si lam viéc tai Tiibingen, tach dude tit nhan té bao bach
cau (l4y tit mt trén bang gac phau thuit) mot chat giau phosphor ma 6ng goi 1a nuclein. D6
chinh 14 DNA, dit phai mat thém tdm muci nam nita ngudi ta mai hiéu vai tro ctia né.! Nhu
vay, ngay tit cudi thé ky 19 da cé hai huéng nghién citu song song, mot bén mo ta quy luat di
truyen ¢ mitc tinh trang quan sit dudge, mot bén phan tich thanh phan héa hoc ciia té bao.
Cau héi néi hai huéng nay lai, ttic chat nao trong té bao déng vai tro “nhan t6” ctia Mendel,
sé chi phdi sinh hoc trong nhiéu thap ky tiép theo.

!Dahm R. (2005). Friedrich Miescher and the discovery of DNA. Developmental Biology 278:274-288.
https://doi.org/10.1016/j.ydbio.2004.11.028
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Trong nita dau thé ky 20, da sb cdc nha khoa hoc tin ring protein méi la vat chat di
truyén. Quan diém nay c6 co s8, vi protein duge xay dung tit hai muoi loai amino acid (axit
amin), con DNA chi c6 bén loai nucleotide, titc don vi cau tao ctia axit nucleic (nucleic acid),
gom mot phan tit dudng, mot nhém phosphate va mot base. Mot “bang chit c4i” gom bon ky
tu duge cho 14 qué don diéu dé mang toan bd théng tin cla su sbng. Thém vao d6, gia thuyét
tetranucleotide ctia Phoebus Levene cho rang bén nucleotide 1ip lai theo mét khuén mau cb
dinh, khién DNA nhin giéng mét phan t& cdu tric hon 14 mot vat mang thong tin. Dé thay
ddi mot quan niém da phé bién nhu vy, can nhitng thi nghiém tach riéng dude vai tro ciia
DNA va clia protein, thay vi chi quan sat ching cling ton tai trong té bao. Quan niém nay
dan bi bac bd qua ba thi nghiém sau.

« Griffith (1928) phét hién rang vi khuan phé cau Streptococcus pneumoniae chiing S (gay
bénh) da bi giét bang nhiét van c6 thé “bién nap” (transformation) chiing R (khong gy
bénh) thanh chiing gdy chét chudt. Két qua nay cho thiy c6 mot “nhan t6 bién nap” duge
chuyén tit chiing S sang chiing R.2

e Avery, MacLeod va McCarty (1944) lan lugt loai bd titng thanh phan ctia dich chiét
té bao va chi ra rang nhan t6 bién nap d6 134 DNA, khéng phai protein.?

« Hershey va Chase (1952) danh diu phéng xa (radioactive labeling) riéng protein va
DNA ciia thuc khuan thé (bacteriophage), tttc virus ky sinh trén vi khuan, va thiy rang
chi DNA di vao té bao vi khuan dé tao ra thé hé virus méi.*

Song song dé6, Erwin Chargaff (khodng 1950) do thanh phan base ctia DNA (bén loai
base nito (nitrogenous base) A, T, G va C) tit nhic¢u loai va nhan thdy mét quy luét, theo
dé lugng A ludén gan bang luong T, va luong G gan bang lugng C. Ti 16 nay thay déi gitta
céc loai, qua dé bac bé gia thuyét tetranucleotide. Thét vy, néu bdén nucleotide lip lai theo
mdt khuén mau cb dinh, ti 18 ctia ching phai gan nhu gidéng nhau & moi sinh vat. Viéc ti 1é
nay khéc nhau gifta céc loai cho thiy trinh tw DNA c6 thé thay ddi, va vi vy c6 kha ning
mang thong tin riéng cho timg loai. Ngudc lai, su can bang gitta A véi T va gitta G v6i C goi
Y rang cic base ¢6 quan hé ting cip véi nhau, nhung khong ai biét quan hé dé dén tir dau.
Quy luat nay chua duge giai thich cho dén nam 1953.° Hinh 1.1 tém tit cdc mdc chinh cia
giai doan nay, tit khi phat hién nuclein dén khi gidi ma xong ma di truyen.

Hershey-Chase;

Miescher tach Avery va cong Franklin va Central dogma;

dugc nuclein su: nhan tb Gosling chup thi nghiém

tit nhan té bao dé la DNA Photo 51 Meselson-Stahl
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Griffith: “nhan Chargaff: A = Watson va Crick Gidi ma toan
t6 bién nap” & TvaG=C cong bd mé hinh bd ma di truyén
phé cau khuan chudi xoin kép

Hinh 1.1: Cic mbc chinh trong viéc xdc dinh vat chit di truyén va co ché hoat dong cla né, tu
nuclein (1869) dén ma di truyeén (1966).

2Griffith F. (1928). Journal of Hygiene 27:113-159. https://doi.org/10.1017/S0022172400031879

3 Avery O.T., MacLeod C.M., McCarty M. (1944). Journal of Experimental Medicine 79:137-158.
https://doi.org/10.1084 /jem.79.2.137

“Hershey A.D., Chase M. (1952). Journal of General Physiology 36:39-56.
https://doi.org/10.1085/jgp.36.1.39

5Chargaff E. (1950). Chemical specificity of nucleic acids and mechanism of their enzymatic degradation.
Ezperientia 6:201-209. Thong tin trich dan: https://historyofmedicine.com/id /8695
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https://doi.org/10.1085/jgp.36.1.39
https://historyofmedicine.com/id/8695
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1.2 Chudi xoin kép

Dau nhitng ndm 1950, cudc dua gidi cau tric DNA dién ra giita vai nhém nghién ctu.
Tai King’s College London, Rosalind Franklin, mét chuyén gia vé nhiéu xa tia X (X-ray
diffraction), cing nghién cttu sinh Raymond Gosling da thu dugc nhitng 4nh nhidu xa sic nét
nhat vé DNA. Biic 4nh ndi tiéng nhat, duge goi 14 Photo 51, chup thang 5 nim 1952, cho
thdy mot hinh cht X dic trung ciia ciu tric xoan. T sb liéu ctia minh, Franklin con suy
ra dugc rang khung dudng-phosphate (sugar-phosphate backbone) nam & phia ngoai phan ti.
Ciing ltic @6 & Cambridge, James Watson va Francis Crick theo dudi mot cach tiép can khéc,
d6 14 dung mé hinh bing que va tAm kim loai, thit céc cach sip xép nguyén tit sao cho phu
hop véi héa hoc da biét. Mo hinh dau tién ctia ho nam 1951, gom ba mach véi base quay ra
ngoai, da sai; chinh Franklin 14 ngudi chi ra diém sai d6. Hai céch tiép cdn nay bé sung cho
nhau, vi 4nh nhiéu xa cho sb liéu do dac truc tiép nhung khé dién gidi thanh mot cau tric
cu thé, con mé hinh que cho mét cdu tric cu thé nhung chi ¢é gia tri khi khép duge véi sb
liéu do dac.

Théang 1 nam 1953, Maurice Wilkins, dong nghiép ctia Franklin tai King’s College, cho
Watson xem Photo 51 ma Franklin khéng hé hay biét.> Watson va Crick ciing tiép can dudc
mot béo cédo nodi bo tém tat sd liéu ciia nhém King’s. Hinh chit X trong Photo 51 xdc nhan
DNA c¢6 dang xoén, con viéc khung dudng-phosphate nam & phia ngoai budc céc base phai
quay vao bén trong phan ti. Cau hoéi con lai 1a cdc base bén trong dudc sap xép ra sao, va
quy luat Chargaff cung cAp manh mdi cho cau héi nay. Két hop nhitng s6 liéu nay véi quy
luat Chargaff, ho nhanh chéng di dén mo hinh cubi cing (Hinh 1.2) véi céc ddc diém chinh
sal.

o DNA gdm hai mach xoin quanh mot truc chung, tao thanh chudi xoin kép (double
heliz), chay ngudc chiéu nhau (déi song song, antiparallel), mot mach theo huéng 5 —3/,
mach kia theo huéng 3'—5'.

o Khung dudng-phosphate ndm bén ngoai; cic base ndm bén trong va bit ciip bd sung
(complementary base pairing), trong dé6 A bat cap véi T bang hai lién két hydro (hydrogen
bond) va G bt cip véi C bang ba lién két hydro.

e Vi A ludn di v6i T va G ludn di v6i C, quy ludt Chargaff duge gidi thich mot cach tu
nhién.

Ngay 25 thang 4 nam 1953, Nature ding lién tiép ba bai bdo, gdbm bai m6 hinh ctia Watson
va Crick, va hai bai s liéu thuec nghiém ctia nhém Wilkins va nhém Franklin-Gosling. Bai
ctia Watson va Crick két thic bang mot cdu nhan xét néi tiéng, trong d6 cic téc gia luu ¥
rang cach bat cip dic hiéu nay goi ¥ ngay mot co ché sao chép vét chat di truyén. N6i cach
khdc, cAu tric phan tit da goi ¥ truc tiép vé chitc ndng ciia n6.” Y tudng niy khé truc quan,
vi trinh tu clia mot mach xdc dinh hoan toan trinh tu clia mach kia, nén khi hai mach tach
rdi nhau, mdi mach c6 thé lam khuén dé tong hgp mot mach bo sung (complementary strand)
mdi, va két qua 1a hai phan tit DNA giéng hét phan tit ban dau. Du dodn nay dude kiém
chiing bang thuc nghiém chi vai nim sau, nhu trinh bay & muc tiép theo.

5King’s College London. The story behind Photograph 51.
https://www.kcl.ac.uk/the-story-behind-photograph-51
"Watson J.D., Crick F.H.C. (1953). Nature 171:737-738. https://doi.org/10.1038/171737a0
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thanh xdm: khung dudng-phosphate chdm: lién két hydro (A-T: 2, G-C: 3)

Hinh 1.2: Hai mach DNA chay ngugc chiéu va bt cip b sung (chudi xodn duge bicu dién & dang
dudi thang). Trinh ty clia mot mach xdc dinh hoan toan trinh tu ctia mach con lai; ddy cling 14 nguyén
Iy ctia sao chép DNA va ctia hau hét cic k§ thuat gidi trinh tu.

C6 thé ban chua biét. Rosalind Franklin va Photo 51

Rosalind Franklin qua doi nim 1958 vi ung thu budng tring, khi méi 37 tudi. Bén nim
sau, Watson, Crick va Wilkins nhan giai Nobel Sinh 1y hoc hodc Y hoc 1962.* Gidi Nobel
khoéng trao cho ngudi da mat, vi viy khoéng thé biét iy ban sé quyét dinh ra sao néu
ba con séng. Trong nhiéu thap ky, vai tro ctia Franklin bi danh gid thap; ngay nay ba
duge ghi nhan 13 ngudi déng gép sb litu then chét cho mot trong nhitng kham phé 16n
nhat thé ky 20. CAu chuyén nay ciing 1a 16i nhac vé dao ditc trong chia sé va ghi nhan
dit litu, mot chi dé sé dude dé cap ¢ phan sau ctia sach.

?Arizona State University, Embryo Project Encyclopedia. Photograph 51, by Rosalind Franklin (1952).
https://embryo.asu.edu/pages/photograph-51-rosalind-franklin-1952

1.3 Central dogma cta sinh hoc phan t

Cau tric DNA méi chi tra 16i mot ntta cAu héi. Nita con lai 1a co ché nao gitip mot chudi
gdm bén loai nucleotide quyét dinh duge hinh dang ciia té bao, mau mat hay nguy co méc
bénh. Dé tra 1i, can biét théng tin chita trong trinh tu DNA duge chuyén sang nhitng phan
tit ndo, theo chidu nao, va bang co ché gi. Nam 1958, Francis Crick dé xudt mot khung 1y
thuyét ma 6ng goi 14 central dogma, trong sich gido khoa tiéng Viét thudng duge dich 14
hoc thuyét trung tam. Theo d6, thong tin di truyén duge sao chép (replication) tit DNA sang
DNA, dugc phién ma (transcription) tit DNA sang RNA, roi duge dich ma (translation)
tit RNA sang protein. Diém c6t 16i trong phat biéu ctia Crick 1a mot khi thong tin da di vao
protein, né khoéng thé quay nguge trd lai axit nucleic, tttc DNA va RNA. Nhu vay, DNA 14
noi thong tin dugc luu trit va truyen lai cho thé hé sau, RNA 14 ban sao trung gian, con
protein 14 noi phan 16n thong tin d6 dude thé hién thanh chitc ning trong té bao.

Nhitng nim sau d6, cdc bang chting thuc nghiém lan lugt cting c¢b6 khung 1y thuyét nay.
Ciing nam 1958, thi nghiém ctia Meselson va Stahl chimg minh DNA sao chép theo kiéu ban
béo toan (semi-conservative), nghia 14 mdi phan tt DNA con mang mdt mach cti va mot
mach méi, ding nhu mo hinh chudi xoin kép du doan.® Nam 1961, Marshall Nirenberg va
Heinrich Matthaei cho mot doan RNA nhén tao chi gom U vao hé dich ma ngoai té bao (cell-
free translation system) va thu duge mot chudi polypeptide chi gom phenylalanine, chiing té
bo ba (codon) UUU ma héa phenylalanine. Mdi bo ba 13 mot nhém ba nucleotide lién tiép

8Meselson M., Stahl F.W. (1958). PNAS 44:671-682. https://doi.org/10.1073/pnas.44.7.671


https://embryo.asu.edu/pages/photograph-51-rosalind-franklin-1952
https://doi.org/10.1073/pnas.44.7.671
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trén RNA, tuong tng v6i mot amino acid hay mot tin hiéu dimg dich ma.? Dén niam 1966,
toan bo 64 bd ba cia ma di truyen da duge gidi. Con sb 64 dén tit viec mdi bo ba gom ba
vi trf, méi vi trf ¢6 thé 1a mot trong bén nucleotide, nén c6 4% = 64 t6 hgp. S6 té hop nay
nhiéu hon hin hai muoi loai amino acid, vi viy phan 16n amino acid duge ma héa béi nhidu
hon mot bo ba, va mot s6 bd ba 1a bo ba két thiic (stop codon), bdo hiéu dimg dich ma.

Nam 1970, Howard Temin va David Baltimore doc 1ap phat hién enzyme phién ma ngugce
(reverse transcriptase) & retrovirus, nhém virus cé vat chat di truyén 1d4 RNA va nhan lén
bang cach chuyén RNA dé thanh DNA rdi chén vao hé gen ciia té bao chii, cho phép thong
tin di tit RNA ngudc vé DNA.'0 Nhiéu ngudi coi day la mot “ngoai 18”7 ciia central dogma.
Crick sau dé viét mot bai trén Nature dé 1am r6 rang phéat biéu ban dau ciia éng chua bao
gi cam dong RNA—DNA; diéu bi loai trit 1a dong thong tin tit protein nguge vé axit nucleic,
va cho dén nay diéu d6 van ding.'’ Phéat hién nay ciing c6 ¥ nghia thuc tién 16n ddi véi hé
gen hoc. Ngay nay, enzyme phién ma ngugc la cong cu quen thudc trong phong thi nghiém,
vi trong hau hét cac quy trinh gidi trinh tw RNA (RNA sequencing, RNA-seq), RNA dugc
chuyén thanh cDNA (complementary DNA), titc DNA b6 sung duge téng hop tit khuén RNA,
truée khi dua vao may gidi trinh tu.

sao chép RNA
(mot s6 virus) khong xay ra

X

sao chép

phién ma dich ma

DNA — RNA —)  Protein

’
AN JPie
~o . - .
phién ma nguge (1970)
Genome Transcriptome Proteome
DNA-seq RNA-seq proteomics

Hinh 1.3: Central dogma. Miii tén lién biéu dién cdc dong thong tin phd bién trong moi té bao, miii
tén dut biéu dién cic dong dic biét. Hang dudi cho biét loai dit liéu omics tuong tmg v6i mdi phan ti.

C6 thé ban chua biét. Nguén géc tén goi central dogma

Nhiéu nam sau, Crick ké lai rang nha sinh hoc Jacques Monod ting nhan xét 6ng khong
dung ding nghia ctia chit “dogma” (mot niém tin khéng duge phép nghi ngd). Crick
giai thich rang ong chi mubn néi dén mot gia thuyét 16n, chua ¢é nhiéu bang chiing triuc
tiép, va 1é ra c6 thé goi dé6 1a “central hypothesis”.® Du cach dung tit khéng chinh xéc,
tén goi nay van dudgc giit dén ngay nay.

“Cobb M. Francis Crick was misunderstood. Asimov Press. https://press.asimov.com/articles/crick.
Cau chuyén ciing dugc Crick ké trong hdi ky What Mad Pursuit (1988).

V6i ngudi lam hé gen hoc tinh todn, central dogma khong chi 1a kién thitc sinh hoc nén
tang. N6 con 1a mot ban do di liéu, trong dé mdi phan ti& trong Hinh 1.3 1a mot tang thong

9Nirenberg M.W., Matthaei J.H. (1961). PNAS 47:1588-1602. https://doi.org/10.1073/pnas.47.10.1588

Temin H.M., Mizutani S. (1970). Nature 226:1211-1213, https://doi.org/10.1038,/2261211a0; Baltimore D.
(1970). Nature 226:1209-1211; thong tin trich dan: https://www.historyofmedicine.com/id/3429

" Crick F. (1970). Central dogma of molecular biology. Nature 227:561-563.
https://doi.org/10.1038/227561a0


https://press.asimov.com/articles/crick
https://doi.org/10.1073/pnas.47.10.1588
https://doi.org/10.1038/2261211a0
https://www.historyofmedicine.com/id/3429
https://doi.org/10.1038/227561a0

6 CHUONG 1. LUQC SU SINH HOC PHAN TU

tin c6 thé do dac. Méi tang tuong tmg v6i mét loai dit liéu omics, tiic dit liéu do dong thdi
toan bd mot loai phan tit trong mau thay vi ting phan ti riéng 1é. Giai trinh tu DNA cho
ta dit litu hé gen, gidi trinh tu RNA cho ta transcriptome (hé phién ma), tic toan bo cc
phéan tt RNA dugc phién ma trong mot té bao hay mot mo tai mot thoi diém. Tang protein
ciing do dude, nhung bang nhitng ky thuit khéc, vi protein khong c6 co ché bit cip b sung
nhu axit nucleic dé c6 thé duge “doc” theo nguyén Iy ciia céc phuong phép giai trinh tu. Céc
mii tén trong hinh ciing cho thiy céc tang di liéu khéng doc 1ap v6i nhau. Mot bién thé
(variant), tttc mot vi trf ma trinh tw DNA khac nhau gifta cdc cd thé hay khac véi trinh ti
tham chiéu, c6 thé lam thay d6i lugng RNA dugc phién ma, va tit 6 thay déi lugng protein,
vi viy nhiéu phan tich trong hé gen hoc tim cich két ndi dit liéu tit nhiéu tang khac nhau.
Phan 16n cuén sich xoay quanh hai tang dau tién nay.

1.4 Lich s giai trinh tu va cac du an hé gen

Sau khi ma di truyén duge gidi, cAu héi tiép theo 1a lam sao dé doc trinh tu ciia mot doan
DNA cu thé, tiic gidi trinh tu (sequencing). Biét ma di truyén ma khoéng doc duge trinh
tu thi cling giéng nhu biét bang chit cai nhung khoéng cé cich nao doc dugc vin ban. Nam
1977, Frederick Sanger cong b phuong phép gidi trinh tu dua trén dideoxynucleotide, titc
cac nucleotide lam dimg qué trinh tong hop DNA tai ding vi trf ctia ching. Khi téng hop
mach bo sung v6i mot luong nhé dideoxynucleotide, ta thu duge mot tap hop cac doan DNA
c¢6 chiéu dai khac nhau, méi doan két thic tai mot vi trf mang mot loai base nhat dinh. S&p
xép céc doan nay theo chiéu dai cho phép doc lan lugt ting base ciia trinh tu. Cuing nam
d6, nhém ctia 6ng doc xong hé gen hoan chinh dau tién, ctia thuc khuan thé phiX174, dai
khoéng 5.400 nucleotide.'? Phuong phap Sanger théng tri gan ba muoi ndm va mang vé cho
ong gidi Nobel Hoa hoc thit hai (giai thit nhat nam 1958, cho viéc xc dinh trinh ti insulin).

Ngay tu giai doan nay, may tinh da tré nén can thiét, vi so sanh mot trinh ty méi véi
hang trim, hang nghin trinh tu da biét, timg ky tu mot, 14 viéc khong thé lam bing tay mot
cach dang tin ciy. Margaret Dayhoff tdp hgp céc trinh tu protein da biét vao cudn Atlas of
Protein Sequence and Structure (1965) va xdy dung nhiing substitution matrix (ma tran thay
thé) dau tién, titc bang cho biét kha ning mot amino acid bi thay bang mét amino acid khac
trong qué trinh tién héa. Nam 1970, Needleman va Wunsch cong bd thudt todn sequence
alignment (sdp xép trinh tir) bang quy hoach dong (dynamic programming), va ciing nim d6
Paulien Hogeweg cung Ben Hesper dit ra thuit ngit bioinformatics (tin sinh hoc).!3 Ngan
hang trinh tu GenBank ra doi nam 1982, va BLAST, cong cu tim trong co s6 dit liéu nhiing
trinh tu tuong dong v6i mot trinh tu cho trude, ra dsi nam 1990 va nhanh chéng tré thanh
mdt trong nhitng cong cu dude trich dan nhiéu nhat trong sinh hoc. Céc thuit todn nay sé
dugce dé cip & phan sau clia sich.

2Sanger F. va cong su (1977). Nature 265:687-695. https://doi.org/10.1038/265687a0
3Hogeweg P. (2011). The roots of bioinformatics in theoretical biology. PLoS Computational Biology
7:¢1002021. https://doi.org/10.1371 /journal.pcbi. 1002021
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C6 thé ban chua biét. Ngudn géc cia ch@ bioinformatics

Paulien Hogeweg va Ben Hesper, hai nha sinh hoc 1y thuyét & Dai hoc Utrecht (Ha Lan),
dung chit bioinformatica tit nim 1970 trong mot bai viét bang tiéng Ha Lan, dit nhiéu
ngudn sau nay chi truy vé cac cong bd nam 1978 ciia ho. Pinh nghia ban dau cia ho
13 “nghién citu cdc qud trinh théng tin trong hé théng song” (the study of informatic
processes in biotic systems). Diéu ho quan tam la sy séng xit Iy thong tin ra sao & nhiéu
cap do, tit su tich lily thong tin qua tién héa dén sy truyen thong tin tit DNA t6i cac
qué trinh bén trong va giita cic té bao. Theo nghia dé, bioinformatics 13 mot hudéng
nghién ctu sinh hoc, khong phai moét bo cong cu phan tich dit litu. Pén cudi thap nién
1980, khi dit liéu trinh tu tang theo cap s6 nhan, chit nay mdi trd nén pho bién, nhung
v6i nghia hep hon nhiéu, 14 phét trién va st dung céc phuong phép tinh todn dé quan
1y va phan tich di liéu trinh tu.® Hogeweg cho rang nhitng hiéu biét thu dugc tit cac du
an giai trinh tu 16n 1a “than cdy” chit khong phai “gdc ré” clia bioinformatics. Vi chit
nay pho bién clng lic véi su gia ting nhanh chéng ciia dit liéu trinh tuw, dén nay nhiéu
ngusi van dong nhat bioinformatics v6i phan tich dit liéu hé gen, du tin sinh hoc hién
dai da rong hon nhiéu, bao gom ca cau tric protein, sinh hoc hé théng va mé hinh héa
cic qué trinh séng.

“Hogeweg P. (2011). The roots of bioinformatics in theoretical biology. PLoS Computational Biology
7(3):€1002021. https://doi.org/10.1371/journal.pcbi. 1002021

1.4.1 Du an hé gen ngudi

Nam 1990, dy é4n hé gen ngusi (Human Genome Project) chinh thttc khéi dong v6i ngan
sach khodng 3 ty do la va su tham gia ctia nhiéu qubc gia. Muc tiéu ctia du 4n 1a doc toan
bo khoang 3 ty cap base (base pair, bp) clia hé gen ngudi. Du 4n di theo chién luge than
trong, 14p ban do vat 1y (physical mapping) trude, titc xac dinh vi tr{ tuong déi clia cac doan
DNA 16n trén nhiém sac thé (chromosome), r6i méi giai trinh tu ting doan 16n da biét vi tri.
Nam 1995, nhém ctia Craig Venter tai TIGR chitng minh mo6t cdch lam tdo bao hon, goi la
whole-genome shotgun, trong d6 toan bé6 DNA dugc cit ngau nhién thanh cdc manh nhé,
doc hét, rdi ghép lai bang méy tinh. Ho cong bd hé gen hoan chinh dau tién ctia mot sinh vat
séng doc lap, vi khuan Haemophilus influenzae (khodng 1,8 triéu ciap base).'* Sau dé, cong
ty Celera ctia Venter 4p dung cach lam nay cho hé gen ngudi, dan dén su canh tranh giita
hai phia. Cach lam shotgun nhanh hon vi bé qua budc lap ban do, nhung don toan bo khé
khin sang khau ghép trinh tu (assembly) bang may tinh, nhat 13 & nhitng viing c6 trinh tu
lap lai (repetitive sequence).

Théng 2 nam 2001, ca hai phia cliing cong b6 ban nhap hé gen ngudsi. Nam 2003, du an
duge tuyén bd hoan thanh, du thuc té van con khoang 8% hé gen, chii yéu la cic ving lap
lai day dic, chua giai duge. Nguyén nhan nam & chinh cdch doc DNA theo timg méanh. Khi
mot doan 1ap lai dai hon chiéu dai ctia mdi manh duge doc, cdc manh roi vao doan dé nhin
gan nhu giéng hét nhau, vd may tinh khong thé xéc dinh ching thudc vé ban sao nao hay
ghép chiing theo thit tu nao. Vi vy, “hoan thanh” & day can dugc hiéu 13 hoan thanh phan
hé gen c6 thé giai duge bing cong nghé lic biy gis. Nhitmg ving con lai chi dan duge 1ap
day khi c6 cong nghé doc duge nhitng doan DNA dai hon.

HMFleischmann R.D. va cong su (1995). Science 269:496-512. https://doi.org/10.1126 /science.7542800


https://doi.org/10.1371/journal.pcbi.1002021
https://doi.org/10.1126/science.7542800
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C6 thé ban chua biét. Cudc cd cuge GeneSweep

Né&m 2000, khi du 4n sip hoan thanh, Ewan Birney (EMBL-EBI) t6 chitc mot cudc cé
cuge mang tén GeneSweep dé doan hé gen ngudi c6 bao nhiéu gen. Hon 460 lugt dat cuge
da duge ghi nhan, véi cic du doan trai tit dudi 26 nghin dén hon 300 nghin gen. Nam
2003, ngudi thing cudc 1a Lee Rowen, véi con s6 thap nhat 1 25.947.% Uéc tinh hién nay
con thap hon, khodng 20 nghin gen mé héa protein (protein-coding gene), tuong duong
s6 gen clia giun tron Caenorhabditis elegans.

“EMBL-EBL. Five things you probably didn’t know about the Human Genome Project. https://www.
cambridgenetwork.co.uk/news/five-things-you-probably-didnt-know-about-human-genome-project;
xem thém https://en.wikipedia.org/wiki/GeneSweep.

1.4.2 Ba thé hé céng nghé giai trinh tu

Sau du 4n hé gen ngudi, cong nghé gidi trinh tu thay déi nhanh dén mitc ngudi ta chia né
thanh cdc “thé h¢” (Hinh 1.4). Ba tiéu chi thuong ding dé so sdnh cac thé hé 1a do dai read,
titc do dai clia moi doan trinh tu ma méy doc duge tit mot manh DNA, do chinh x4c va chi
phi cho méi base dude doc. Moi thé hé cai thién mot vai tiéu chi nhung phai danh d6i & tiéu
chi khéac, vi vy thé hé sau khong thay thé hoan toan thé hé truéc, ma md ra nhitng loai dit
liéu va bai todn phan tich mdi.

« Thé hé thit nhat 13 phuong phap Sanger, doc ting doan dai khoang 800-1000 base,

chinh x4c nhung cham va dit.

« Thé hé thi hai (tit 20052007, véi 454 va Illumina) doc song song hang triéu dén hang
ty doan ngin 50-300 base (short read). Pay 14 budc ngoit lam chi phi gidim hang nghin
lan.

« Thé hé thi ba (tit 2011-2014, v6i PacBio va Oxford Nanopore) doc céc phan tit DNA
don 1& (single-molecule sequencing), khong can nhan ban truéc, cho ra doan dai hang chuc
nghin dén hang triéu base (long read).

Long read da gitp hoan thién nhitng ving cudi cing ctia hé gen ngudi. Ly do 14 mot read
di dai c¢6 thé phi tron mot doan lidp lai cling v6i phan trinh tu khéng lip lai & hai dau,
nhd d6 xdc dinh duge doan lip lai ndm & dau. Nam 2022, consortium Telomere-to-Telomere
(T2T), tén goi lay tir telomere 13 dau mit ciia nhidm sic thé, cong b6 hé gen ngudi dau tién
thue sy hoan chinh, tit ddu mat nay dén dau mat kia cia moi nhiém sic thé trit nhiém sic
thé Y. Nam 2023, ban nhip pangenome ngudi dau tién ra doi, gdom hé gen ciia 47 nguoi
thuoc nhiéu quan thé khic nhau, thay cho mét hé gen tham chiéu duy nhat. Mot hé gen
tham chiéu duy nhat khong thé dai dién cho su da dang ciia c loai, va nhitng doan DNA ¢6
& ngudi nay nhung ving mit trong hé gen tham chiéu rat dé bi boé sét khi phéan tich. Hién
tugng nay goi 1a reference bias (thién léch tham chiéu), va pangenome ra ddi dé gidm bt
thién léch dé. Céc chti dé ndy sé duge dé cAp & phan sau ctia sach.

1.5 Quy m6 va thanh phan cta hé gen

Céc du 4n giai trinh ti 1an dau tién cho phép mo ta hé gen mot cach dinh luong. Hé gen 13
toan bd vat chat di truyen ctia mot sinh vat. 0 ngudi, phan 16n hé gen nam trong nhan té bao,
duge déng goi thanh 23 cip nhiém sic thé; mot phan rat nhé nadm trong ty thé (mitochondria).
Hinh 1.5 cho thdy cic cip d6 t6 chiic, tir té bao xudng dén ting nucleotide. Mot diém quan
trong 134 DNA trong nhan khong nam dudi thing ma bi nén rat chit; mudn mot gen duoe


https://www.cambridgenetwork.co.uk/news/five-things-you-probably-didnt-know-about-human-genome-project
https://www.cambridgenetwork.co.uk/news/five-things-you-probably-didnt-know-about-human-genome-project
https://en.wikipedia.org/wiki/GeneSweep
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Phuong phap Khéi dong
Sanger; hé du 4n hé gen Ban nhap Thé hé 2: Hé gen ngusi
gen phiX174 ngudi; BLAST hé gen nguoi 454, Illumina hoan chinh (T2T)

1977 1990 2001 2022
L L ® ® L L ® L L
1982 1995 2003 2011-14 2023

Ra doi ngan Hé gen vi khuan Dy én hé gen Thé hé 3: PacBio, Bén nhdp
hang GenBank H. influenzae ngudi hoan thanh Nanopore pangenome ngudi

Hinh 1.4: Céc mdc chinh trong lich st giai trinh tu, tit hé gen ctia thuc khuan thé phiX174 (khodng
5.400 nucleotide) dén pangenome ngusi.

biéu hién, titc duge phién ma thanh RNA trong qué trinh biéu hién gen (gene expression),
ving chromatin (chit nhiém sic) chita gen d6 phai duge md ra trude. Chromatin 14 phitc
hop gom DNA va protein, chii yéu 13 histone, tao nén nhiém sac thé. Pay ciing 14 cd s ciia
cac phuong phap do do m& chromatin (chromatin accessibility) sé dugc trinh bay & phan sau
cla sach.

Mot vai con sb gitp hinh dung quy mé ctia hé gen ngudi duge tém tit dusi day. Nhimg
con s6 nay quyét dinh quy mé clia hau hét cic bai toin tinh todn sé gip trong sich.

3.1 ty 20.000 1,5% 50%
cdp base trong mot gen ma héa protein hé gen 1a trinh tu ma hé gen 1a trinh tu 1ip
bd hé gen don boi (w6 tinh) héa protein lai, phan 16n 1a

transposable element

Néu in hé gen clia mdt ngusi ra gidy A4 véi cd chit thong thudng, ta sé can khodng mét
triéu trang. Mdi té bao ludng boi (diploid) mang hai ban nhu vAy, mot tit cha va mot ti
me. Céc con sb trén ciing goi y nhitng khé khin diic trung ctia viéc phan tich dit liéu hé gen.
Vi trinh tu méa hoéa protein chi chiém khoang 1,5% hé gen, phan 16n céc bién thé tim thay &
mot ngudi ndm ngoai gen ma héa protein, va viéc dién gidi ¥ nghia clia ching khé hon nhiéu
so v4i mot bién thé lam thay déi amino acid. Viéc khoang mot nita hé gen 1a trinh tu lip lai
khién nhiéu manh DNA dugc doc khong thé duge dat chinh xac vao mot vi tri duy nhat. Ca
hai khé khin nay sé con xuat hién nhiéu lan trong cdc phan sau ctia sach.
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Hinh 1.5: Céc cip d6 to chitc ciia hé gen trong mot té bao ngudi. Khoang 2 mét DNA dugce nén vao
mot nhan c6 dudng kinh vai micromet nhd quin quanh nucleosome (don vi gom mot doan DNA quan
quanh mot 16i protein histone) va gap cudn trong khéng gian ba chiéu, méi nhiém séc thé chiém mot
ving riéng trong nhan. Pé mot gen duge phién ma, viing chromatin chita gen d6 phai mé ra, dé yéu
t6 phién ma (TF) va RNA polymerase II (Pol II) tiép can dugc DNA.
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C6 thé ban chua biét. Hai allele hay hai mach DNA?

Mot lam 14n rat phd bién ¢ ngusi méi lam quen véi dit liéu hé gen 1a dong nhat hai
khai niém “hai” khac nhau. Thit nhat, té bao ludng boi c6 hai ban sao ctia mdi nhiém
sdc thé, mot tit cha va mét tit me. Tai mdi vi tri, hai ban sao niy mang hai allele, titc
hai phién ban trinh tu tai ciing mot vi tri, ¢6 thé gidng hodc khic nhau. Thit hai, mdi
ban sao lai 14 mét phan tit DNA xoén kép gdm hai mach bé sung. Hai mach bd sung
khong phai hai allele, vi chiing mang ciing mot thong tin: biét mach nay 1a suy ra dugc
mach kia.

Nhu vy, tai mot vi tri bat ky trong té bao ludng bdi cé6 bén mach DNA nhung chi
c6 hai allele (xem hinh minh hoa bén dudi). Mot ngusi cé kiéu gen (genotype) di hop
(heterozygous) A/G, tic mang hai allele khdc nhau, nghia la bén sao tit me mang cap
base A-T va ban sao tir cha mang cap base G-C, chit khong phai “mach nay la A, mach
kia 13 G”. Khi goi kiéu gen (genotype calling) tit dit liéu giai trinh tu, read cé thé dén
tlr cd hai mach ctia ca hai ban sao, nhung tat ca déu dudgc quy vé chiéu ctia mach tham
chiéu truéce khi dém. Vi vay, ti 1¢é read mang A va mang G phan 4nh hai allele, khong
phéi hai mach. Ciing can Iwu ¥ rang theo quy wéc, kiéu gen va bién thé dugc ghi theo
mach xudi (forward strand) ctia hé gen tham chiéu, theo chiéu 5 —3'. Vi véy, kiéu gen
trong hinh dugc ghi 1a A/G, chtt khong phai T/C nhu khi doc trén mach ngugce (reverse
strand).

mach xuéi 5’ —3’ .
Bin sao tif me } 2 mach bé sung
: - . TRCHRCQT cung mot thong tin
- - - - mach ngudc 3’ —5’ °
2 ban sao
= 2 allele
(A va Q)

mach xu6i 5" —3/
Ban sao tir cha
—

mach ngugc 3’ —5’
vi trf bién thé

Kiéu gen tai vi tri nay: A/G (di hgp)

Phan 16n hé gen khéng ma héa protein, nhung ciing khong phai 1a “DNA rac” (junk DNA)
nhu timg dude goi. Phan nay bao gdm intron, titc nhitng doan nam trong gen nhung bi cit
b6 khdéi RNA trude khi dich ma, cac vimg dieu hoa (regulatory region) quyét dinh gen dudc
biéu hién & dau, khi nao va nhiéu hay it, cic gen RNA khong ma héa (non-coding RNA gene),
va mot lugng 16n transposable element (TE, yéu t6 di dong), titc nhitng doan DNA cé kha
niang di chuyén hodc tur sao chép rdi chén vao vi trf méi trong hé gen. Chitc ning ciia nhiéu
viing trong s6 nay dén nay van con dang dudc tranh ludn. Tuy vay, vai tro ciia cac ving diéu
hoa thi da r6. Moi té bao trong co thé mang cling mot hé gen, nhung té bao gan va té bao
than kinh biéu hién nhimmg tdp gen rat khac nhau, va su khac biét d6 duge quyét dinh phan
16n béi viée ving diéu hoa nao duge kich hoat trong loai té bao nio. Vi viy, mot bién thé
nam ngoai gen van c6 thé &nh huéng dén tinh trang néu né lam thay déi hoat dong ctia mot
viing diéu hoa.

1.5.1 Kich thuéc hé gen

Kich thuéc hé gen khac nhau rat 16n gitta cac loai (xem hinh minh hoa trong box bén dudi).
Hé gen lta mi 16n gap khodng nim lan hé gen ngudi, va hé gen ctia mot loai thue vt c¢6 hoa
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& Nhat Ban, Paris japonica, 16n gap gan nam muoi lan. Nhu vay, kich thudc hé gen khong
phan anh truc tiép do phic tap clia mot sinh vat. Mot hé gen 16n chua chic chtta nhiéu gen
hon, vi phan chénh léch thudng nam & céc trinh tu khéng ma héa. Dbi v6i ngusi phan tich
dit liéu, kich thuéc hé gen lai 14 mot thong s6 rat thuc té. Hé gen cang 16n thi cang can nhiéu
dit liéu giai trinh tu dé moéi vi tri duge doc di sb lan, va cang can nhiéu bo nhé cling nhu
thdi gian tinh todn cho cac bude xit 1y vé sau.

C6 thé ban chua biét. Vi sao kich thuwdc hé gen chénh léch lén gita cdc loai?
Néu do dé “phiic tap” clia mot sinh vat bing kich thudc hé gen, con ngudi sé thua xa
mot loai hoa nhd 6 Nhat Ban. Hé gen ctia Paris japonica dai khodng 150 ty cap base,
gan gap nam mudi lan hé gen ngudi, con hé gen lia mi ciing 16n gap khodng nam lan.
Hinh minh hoa bén duéi so sanh kich thuéc hé gen va sb gen uée tinh ctia mot s6 sinh
vat, trén thang logarit (mdi vach 16n gap 100 lan vach trude; s6 liéu da lam tron).

SARS-CoV-2 . 30 kb | khoang 11 gen

E. coli 4,6 Mb - khodng 4.300 gen

NAm men 12 Mb - khoéang 6.000 gen

C4 hdi Pai Tﬁy Duong khoang 3,0 Gb| - nhan doi hé gen

Ngu’ai 3,1 Gb - khoang 20.000 gen
Lua mi khoang 16 Gb - khoang 107.000 gen
Paris japonica khoang 150 Gb
10 kb 1 Mb 100 Mb 10 Gb 1 Thb

Phan 16n su chénh 1éch nay dén tit hai nguon. Nguon thit nhat 1a transposable element.
O nhiéu loai thuce vat, retrotransposon, loai transposable element tu nhan lén thong qua
mot ban sao trung gian bang RNA, da tich liiy qua hang triéu nidm va chiém t6i 80%
hé gen, khién hé gen phinh to ma s6 gen gan nhu khong ting. Ngudn thit hai 1a da boi
héa (polyploidization), tttc qué trinh tao ra nhitng loai da boi (polyploid) mang nhieu
hon hai b6 nhiém séc thé. O bénh mi hing ngay duge lam tir lda mi Triticum aestivum,
mot loai luc boi (hexaploid) mang ba bo hé gen t6 tién khac nhau, nén ca kich thuée
1an s6 gen déu 16n. 0 dong vat, t6 tién clia ho c4 hoi da trai qua mot lan nhan doi toan
bo hé gen (whole-genome duplication) khodng 80 triéu nam trudc, va dén nay nhiéu cip
gen ban sao & c4 hoi Dai Tay Duong (Salmo salar) van gidng nhau dén mtic khé phan
biét. Nhitng dic diém nay ciing gay khé khan déng ké cho ngudi phan tich dit liéu, vi
trinh tu lap lai lam cho assembly (ghép céc read thanh trinh tu dai) va alignment (dat
read 1én hé gen tham chiéu) tré nén mo ho, con da boi va nhan d6i hé gen khién ta khé
phéan biét cac paralog (badn sao gen tuong dong).
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1.6 Su ra ddi cua hé gen hoc tinh toan

Trude khi c6 cdc hé gen hoan chinh, sinh hoc phéan tit chil yéu lam viéc véi ting gen, ting
protein, va dit litu ctia mét thi nghiém thudng géi gon trong vai bang s6 hay vai tam anh
dién di (electrophoresis). Tt gitta thap nién 1990, khi cdc hé gen hoan chinh dau tién lan lugt
duge cong bb, sinh hoc bat dau ¢6 mot loai dit liéu hau nhu chua timg xut hién trude dé.
Mbi sinh vat cho ra hang triéu dén hang ty ky tu trinh tu, mot thi nghiém cé thé do biéu
hién ctia hang chuc nghin gen clng ltc, va vé sau, cadc du 4n 16n giai trinh tu hé gen ctia
hang tram nghin ngusi. Loai dit liéu nay khong thé doc bang mat hay xit Iy bang bang tinh,
va né doi héi mot nganh khoa hoc méi.

Su chuyén minh dé in dau kha 16 lén tén clia cic tap chi khoa hoc trong nganh. Nam
1987, Victor McKusick va Frank Ruddle sang lap tap chi Genomics, va chinh tén tap chi, do
Thomas Roderick dé xuét, da dua thuat ngit genomics (hé gen hoc) vao tit vung khoa hoc.!?
Niam 1995, tap chi PCR Methods and Applications d6i tén thanh Genome Research; nam 1998,
tap chi Computer Applications in the Biosciences (CABIOS) ddi tén thanh Bioinformatics.'
Tiép theo 14 hang loat tap chi méi, nhu Genome Biology (2000), PLoS Computational Biology
(2005) hay NAR Genomics and Bioinformatics (2019).17 Nhiing thay d6i vé tén goi nay cho
thay cong dong nghién cttu dan xem dit liéu hé gen va cdc phuong phap tinh toin di kem 13
mot linh vyce riéng, chit khéng con la cong cu phu trg cho cac thi nghiém sinh hoc.

Tém lai, hé gen hoc tinh toan (computational genomics) ra doi tit dit liéu, va ton tai
dé khai théac dit liéu dé. Linh vuc nay dung thuét toan, phuong phap théng ké va ha tang
tinh todn dé tra 15i nhitng cau héi sinh hoc ma trudc day khong thé tra 16i néu khong c6 tinh
toan, vi du nhu so sdnh hé gen ctia hang nghin ngudi dé tim bién thé lién quan dén bénh,
hay do ciing liic hoat dong ctia hang chuc nghin gen trong moét mau moé. Piém khac biét ciia
hé gen hoc tinh toan so véi viéc don thuan diung méy tinh dé xi 1y s6 liéu nam & chd cau héi
sinh hoc va phuong phap tinh todn phai duge thiét ké cing nhau. Mot thuét todn tét nhung
khong tinh dén dic diém cta dit liéu, vi du nhu kiéu sai sb riéng ciia ting céng nghé giai
trinh tu, van cé thé cho ra két qué sai mot cach c6 hé théng.

Linh vic nay nam & giao diém ctia ba nganh (Hinh 1.6). Sinh hoc phan ti va di truyeén
hoc dat ra cau hoi va gitp dién giai két qua. Khoa hoc méy tinh cung cip thuét todn va cau
tric dit lieu (data structure) dé xit Iy hang ty ky tu mot cach hiéu qua. Théng ké gitip phan
biét tin hiéu that v6i nhidu, mot viée tudng don gidn nhung lai 14 nguon gbc ciia rat nhiéu
két ludn sai trong cdc nghién ctru hé gen. Cac ving giao nhau ting doi trong hinh ciing 1a
nhitng linh vie da hinh thanh ti truée, nhu thuat toan trinh ty gitta sinh hoc va khoa hoc
méy tinh, di truyén quan thé (population genetics) giita sinh hoc va théng ké, hay hoc méy
(machine learning) gitta khoa hoc mdy tinh va théng ké. Trong thuc té, {t ngusi thanh thao
cd ba nganh, vi vy cac du dn hé gen thuong do nhitng nhém lién nganh thuc hién. V6i mot
ngudi lam nghién citu sinh hoc, kha ning trao déi dugc véi ngusi lam tinh toén, va hiéu
duge gisi han clia cdc cong cu minh dung, ciing quan trong khong kém viéc tu minh viét
dugc chuong trinh. Ngugce lai, ngudi lam tinh todn ciing can trao d6i thuong xuyén véi dong
nghiép sinh hoc dé hiéu dit liéu dudc tao ra tit thi nghiém ra sao, cau héi sinh hoc that su 13
gl, va két qua nao 1a hop 1y vé mit sinh hoc. Mot phan tich ding vé mat ki thudt nhung bo
qua bdi canh sinh hoc van c6 thé dan dén két ludn sai.

5Yadav S.P. (2007). The wholeness in suffix -omics, -omes, and the word om. Journal of Biomolecular
Techniques 18:277. https://pmc.ncbi.nlm.nih.gov/articles/PMC2392988

16Genome Research: https://en.wikipedia.org/wiki/Genome_ Research; Bioinformatics, muc luc NLM cta
CABIOS: https://www.ncbi.nlm.nih.gov/nlmcatalog/8511758

17 Genome Biology: https://genomebiology.biomedcentral.com/20years; PLoS Computational Biology:
https://doi.org/10.1371/journal.pcbi.0010004; NAR Genomics and Bioinformatics:
https://doi.org/10.1093 /nargab/1qz001


https://pmc.ncbi.nlm.nih.gov/articles/PMC2392988
https://en.wikipedia.org/wiki/Genome_Research
https://www.ncbi.nlm.nih.gov/nlmcatalog/8511758
https://genomebiology.biomedcentral.com/20years
https://doi.org/10.1371/journal.pcbi.0010004
https://doi.org/10.1093/nargab/lqz001
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thuat toan
trinh tu

Sinh hoc

phéan ti & di truyén
Hé gen hoc
tinh toan
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Hinh 1.6: Hé gen hoc tinh todn nam & giao diém ctia sinh hoc, khoa hoc méy tinh va théng ké.

Ngoai ra, thuat ngt computational genomics thudng bi dung 1an véi hai khai niém gan
gui. Tin sinh hoc (bioinformatics) c¢6 pham vi rong hon, vi ngoai dit liéu hé gen, né con
bao gom phan tich cau tric protein, co sd dit liéu sinh hoc néi chung va nhiéu chia dé khéc.
Hé gen hoc (genomics) thi cé thé hoan toan mang tinh thuc nghiém, nhu téi wu quy trinh
tach chiét hay tao thu vién gidi trinh tu (sequencing library), titc tap hdp cdc manh DNA da
duge xit 1y dé c6 thé dua vao mdy gidi trinh tu. Cudn sach nay chon moét pham vi hep hon
tin sinh hoc nhung di sdu hon, tap trung vao dir lifu DNA va RNA, va cach x 1y ching G
quy mo6 16n. Trong thuc té, ranh gi6i gitta cac thuit ngit nay khong cting nhic, va cling mot
nha nghién cttu c6 thé tu gidi thiéu minh bang bat ky tén goi nao trong s6 dé tiy theo bdi
canh.

1.7 Quy trinh phén tich cia mét du an hé gen

Mot hiéu 1am phd bién 1a méy gidi trinh tu “doc” hé gen tit dau dén cudi nhu ta doc mot
cubn sach. Thuc té, khong c6 cong nghé nao hién nay lam duge nhu viy v6i hé gen ngudi.
Thay vao d6, DNA duge cit thanh hang triéu manh, va may doc ting manh mot. Mai manh
duge doc nhu vay chinh 1a mot read. Nhu vdy, dau ra truc tiép ctia mdy giai trinh tu khong
phai 13 mot hé gen, ma 14 mot tap hop rat 16n cic read ngan hon hé gen rat nhiéu lan va
nam 1an 16n, khéng theo thit tu ndo. Qué trinh nay c6 thé duge hinh dung qua mét phép so
sanh. Gia sit c¢6 nhiéu ban sao clia cting mot cudn sach, va tat ca déu bi cit vun. Noi dung
gbe 6 thé duge ghép lai vi cdec manh tit nhitng ban sao khac nhau bi cit & nhimmg vi trf khéc
nhau, nén ching chong lap 1én nhau (Hinh 1.7). Dya vao phan chong lap, ta c6 thé néi manh
nay v6i manh kia, va cé cang nhiéu ban sao thi cang dé tim duge nhitng manh ndi lién nhau.

C6 hai cich dé “ghép” céc read, tiy theo loai da c¢6 hé gen tham chiéu hay chua. Néu da
c6 san mot hé gen tham chiéu (reference genome) clia lodi, ta chi can tim vi trf clia ting
read trén reference dé; viéc nay goi la alignment. Néu chua cé reference, ta phai ghép cac
read v6i nhau tit dau; viéc nay goi 1a assembly. Alignment nhanh va don gidn hon, nhung chi
nhin thay nhiing gi reference cho phép nhin thay, vi mot doan DNA khong cé trong reference
sé khong cé chd dé dit read vao. Assembly khong phu thudce vao reference, nhung doi héi
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Read 1 ATGCGTACGT

Read 2 ACGTTAGCCT

Read 3 CCTAGGATC

Read 4 ATCCATTGA

Ghép lai  ATGCGTACGTTAGCCTAGGATCCATTGA

Hinh 1.7: Nguyén Iy ghép trinh tu. Céc read chong 14p nhau cho phép suy ra trinh tir dai ban dau.
Mot hé gen ngudi can tit hang tram triéu dén vai ty read nhu vay.

nhiéu dit liéu hon, tén nhiéu tai nguyén tinh toan hon, va gip khé khan 16n & cic ving lap
lai nhu da thay & trén. C4 hai déu la nhitng bai todn thuit todn quan trong va sé dudc trinh
bay chi tiét ¢ phan sau ctia sach.

Nhu vay, diém chung ctia moi dit liéu giai trinh tu 13 may khong tra vé mot trinh tu hoan
chinh, ma tra vé rat nhiéu read, mdi read 13 mét manh DNA ngin dugc ldy ra tit mau. Phan
16n cong viéc tinh toan trong hé gen hoc, xét cho cung, 1a tim cach st dung nhiing manh nay.
Hinh 1.8 1a mot cai nhin téng quan vé cic cach st dung d6, dudi dang mot pipeline, tic
quy trinh phan tich gom nhiéu buéc ndi tiép nhau, trong dé dau ra ctia bude trude la dau
vao cta bude sau. Hinh chi m6 té cdc dy an dung dir liéu gidi trinh tu, con nhing loai d liéu
khac nhu SNP array (chip do kiéu gen tai cdc vi tri bién thé da biét) hay microarray (chip
do mtic biéu hién gen bang phuong phap lai phan ti) cé quy trinh riéng va sé dude dé cap &
phan sau ciia sach. Ba buéc dau dién ra trong phong thi nghiém, va budc tao thu vién quyét
dinh cac manh DNA mang loai thong tin gi. Thu vién lam tit DNA toan hé gen cho cac manh
phiit déu 1én hé gen, goi 1a whole-genome sequencing (WGS, giai trinh tu toan bd hé gen).
Thu vién lam tit RNA cho cdc méanh phan anh nhing gen dang duge phién ma, tic dit liéu
RNA-seq. Thu vién ChIP-seq (chromatin immunoprecipitation sequencing) ding khang thé
dé chi giit lai cAc manh DNA gin v6i mot protein nhat dinh, con thu vién ATAC-seq (assay
for transposase-accessible chromatin using sequencing) chi giit lai cic manh nam trong ving
chromatin ma. DU thu vién dude tao theo cich nao, dau ra ctia may giai trinh tu van 1a cac
read trong file FASTQ, dinh dang luu trinh tu ctia ting read kém quality score (diém chét
lugng) cia ting base, va su khac biét gitta cc loai dit liéu chi that su hién ra 6 céch ta xit ly
chiing vé sau.

Sau bude quality control (kiém soét chat lugng), trong d6 cic read va base kém chét lugng
bi loai b, pipeline tach thanh hai huéng, tliy theo loai nghién ctru da ¢6 dit liéu reference hay
chua. Can hiéu chit reference (dit liéu tham chiéu) & day theo nghia rong. N6 khong chi 1a
trinh tut hé gen tham chiéu, thudng dugc Iwu trong file FASTA (dinh dang van ban don gian
dung dé Ivu trinh tu), ma con gdm annotation (chi gidi hé gen) cho biét vi tri va cau tric
ctia cic gen (file GTF hay GFF), trinh tu ciia cdc transcript (trong céc co s6 di liéu thuong
dugc goi 1a trinh tu cDNA, ciing § dang FASTA), va nhiéu loai dit liéu di kém khac nhu danh
sach céc bién thé da biét. Mdi loai dit liéu can mdt phan khic nhau ctia bo reference nay.
Huéng thit nhét, cling 14 huéng phé bién nhat trong cdc nghién citu trén ngudi va céc loai mo
hinh (model species) nhu chudt, rudi gidm hay Arabidopsis thaliana, bit dau bang viéc align
read lén reference dé biét mdi manh dén tir dau. Tir d6, mdi loai dit liéu sit dung cdc manh
theo mot cach riéng. V6i dit litu DNA nhu WGS hay WES (whole-exome sequencing), tic
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Hinh 1.8: Téng quan pipeline ctia mot dit 4n hé gen dung dit liéu gidi trinh tu. Sau budc quality
control, pipeline tach thanh hai huéng. Khi loai da c6 reference (bén trdi), gom trinh ty hé gen,
annotation gen, trinh tu transcript va cac dit liéu di kém khéc, read dugc align 1én reference réi dude
xit 1y tiép tiy loai dit liéu, véi variant calling cho DNA, quantification cho RNA va peak calling
cho dit liéu epigenome. Khi chua c6 reference (bén phai), read dugce ghép de novo thanh hé gen
hay transcriptome mdi roi duge annotation, va két qua trd thanh reference cho cic nghién citu sau.
Downstream analysis radt da dang, va hinh chi néu mot vai vi du. Nhan & géc mdi budc 1a dinh dang
dit liéu dau ra.
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chi giai trinh tu exome, tap hop cac ving ma hoda protein, ta so sdnh cic manh véi reference
dé tim nhitng vi tri ma mau khéac véi reference, titc variant calling (goi bién thé). Cac bién
thé nay gdm SNP (single nucleotide polymorphism), titc sai khac tai mot nucleotide, indel,
tttc nhitng doan ngan bi chén thém hay mat di, va structural variant (SV, bién thé cau truce),
tttc nhitng thay déi 16n nhu mat, 18p, ddo hay chuyén chd cd mot doan DNA dai, va két qua
dugc luu trong file VCF (Variant Call Format). V6i RNA-seq, ta dém s6 manh roi vao moi
gen hay moéi transcript dé udc lugng mitc biéu hién, titc quantification (dinh lugng), va két
qud 1a mot count matrix (badng dém), v6i moéi hang 1a mot gen va mdi cot 1a mot mau. Budce
nay can dén annotation dé biét mdi read roi vao gen ndo, va ciing c¢6 nhitng phuong phap
so read truc tiép véi trinh tu transcript ma khong can align 1én hé gen. Véi ChIP-seq hay
ATAC-seq, ta tim nhitng viing trén hé gen noi cic manh chong chdt 1én nhau nhiéu hon han
so v6i nén, tiic peak calling, vi dé 13 ddu vét clia noi protein gin vao hay noi chromatin ma,
va két qua thudng dude luu dusi dang file BED, dinh dang luu toa do cdc ving trén hé gen.
Huéng thit hai 1& de novo assembly, titc ghép trinh tu tit dau ma khong dua vao reference,
trong dé cadc manh dudce néi véi nhau dua trén phan chong l4p nhu trong Hinh 1.7. Tuong tu
nhu reference, két qué ctia huéng nay ciing khong chi 1a mot hé gen. T dit liéu DNA, ta c6
thé assembly hé gen ctia loai, con tir dit lieu RNA-seq, ta cé thé assembly transcriptome, titc
tap hgp trinh tu cdc transcript (ban phién ma, tic cic phan tit RNA dugc phién ma tir gen;
mot gen c6 thé cho nhiéu transcript khic nhau), mot cdch lam phd bién khi loai chia c6 hé
gen tham chiéu. Sau d6, buéc annotation xac dinh vi trf cdc gen, cAu tric transcript va cic
yéu tb chiic ning khac. Nhu vy, toan bo huéng thit hai thuc chat 1a xiy dung bo reference
cho mot loai, va bo reference nay sé dugce cdc nghién cltu sau trén cung loai st dung theo
huéng thit nhat.

Céc file VCF, count matrix hay file peak chua phai la ciu tra 16i cho cdu héi nghién ctru.
Chting 13 dau vao cho downstream analysis, titc cic phan tich diing nhitng két qua nay dé tra
15i cau héi sinh hoc, phan da dang nhat ciia pipeline vi né phu thudc truc tiép vao cau héi
dugc dit ra. Ciing mot file VCF c6 thé dung cho GWAS (genome-wide association study), tiic
nghién cttu lién két toan hé gen, phan tich population structure (cau tric quan thé) hay tim
bién thé gay bénh. Cling mot count matrix c6 thé dimg dé phan tich differential expression
(biéu hién khac biét), ttic tim nhitng gen c6 mitc biéu hién khac nhau giita hai nhém mau,
hay két hop véi dit liéu kiéu gen dé tim eQTL (eapression quantitative trait locus), titc nhitng
vi trf trén hé gen ma bién thé di truyen tai dé &nh hudng dén mitc biéu hién ctia gen. Peak tir
ChIP-seq va ATAC-seq cé thé dude so sanh giita céc dicu kién, hay duge quét dé tim motif,
tiic nhitng doan trinh tu ngin diic trung ma cdc yéu t6 phién ma (transcription factor) nhan
biét va gan vao. Hinh chi néu mot vai vi du, va danh sich nay con dai hon rat nhiéu. Cudi
cung, két qua duge dién gidi trong bdi canh sinh hoc hay lam sang dé tra 15i cAu héi ban dau.

Vi cac buée ndi tiép nhau, chat lugng ciia bude sau phu thudc vao bude trude. Mot mau
bi nhiém hay mét thu vién kém chit luong thuong khong thé dude stta hoan toan bang tinh
toan, vi viy ngudi phan tich dit liéu ciing can hiéu cdc bude thie nghiém phia trude. Dai nén
& duéi ctia hinh nhic rang khi s6 mau ting lén, viée t6 chitc cdc bude thanh quy trinh tu
dong va tai lap duge (reproducible) trd thanh moét yéu cau bat buéc. Can nhan manh rang
Hinh 1.8 chi 1a bitc tranh tong quan. Mai loai dit liéu c¢6 nhiing dic diém, ngudn 18i va cong
cu riéng, va pipeline cu thé cho timg loai sé dudc trinh bay chi tiét & phan sau ctia sach.

1.8 Dt liéu hé gen va bai toan dw liéu 1én

Trong hai thap ky qua, chi phi giai trinh tw moét hé gen ngusi da gidm tit khodng 100 triéu
d6 la xudng con khoang 500 d6 la, ttc ré hon khodng 200 nghin lan (Hinh 1.9). Dé so sanh,
sttc manh mdy tinh theo dinh luit Moore (Moore’s law) chi ting gap doi sau mdi hai nam.
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Tt khodng nam 2008, khi cong nghé thé hé thtt hai (next-generation sequencing, NGS) tré
nén phd bién, dudng chi phi gidi trinh tu tdch hdn khéi dudng Moore. Hé qua 14 dit litu duge
sinh ra nhanh hon nhiéu so véi téc do phan ciing may tinh phat trién dé xt 1y ching. Vi vay,
khé khan chinh ciia nhiéu du 4n hé gen hién nay khoéng con nam & chi phf giai trinh tu, ma
G viéc luu tri, tinh toan va phén tich lugng dit liéu duge tao ra. Day chinh 1a dac trung cia
mot bai todn dit liéu 16n (big data).

khoang 100 triéu USD

100 triéu

10 triéu

1 triéu

100 nghin

Chi phi (USD)

10 nghin dinh Tuat Moore
(gAp doi mbi 2 nam)

1 nghin

khoang 500 USD

NGS phé bién
2001 2005 2010 2015 2020 2024

100

Hinh 1.9: Chi phi gidi trinh ty mot hé gen ngudi theo thdi gian (s6 liéu xap xi, theo thong ké ciia
NHGRI). Truc tung la thang logarit.

Dé uéc lugng quy mo dit liéu, xét mot hé gen ngudi duge gidi trinh tu & coverage (do6
phtt) 30x, tttc mdi vi trf trong hé gen duge doc trung binh 30 lan (Hinh 1.10). Dit liéu tho
ban dau vao khoang 100 GB, va qua méi budc xit 1y, dit litu dude c6 dong dan, cho dén khi
chi con mot danh sach vai triéu bién thé, va cudi cliing 1a mot vai bién thé thuc su ¢6 ¥ nghia.
Két qua alignment thudng dude luu trong file BAM, con file CRAM nhé hon BAM nhiéu vi
né dude nén dua trén reference, titc chii yéu chi Iuu nhitng chd read khéc véi reference thay
vi toan bo trinh tw, nhung vé nguyén tic van gitt duge théng tin cia timg read. Budc tao file
VCF thi khac, vi n6 bd di tiung read va chi gitr lai cac vi tri ma ngudsi d6 khéac véi reference.
Thong tin da bi luge bé & mot bude nhu vay khong thé khoi phuc lai tit cic bude sau, vi vy
dit liéu & cac tang dau thuong van phai duge luu giit dé ¢6 thé phan tich lai khi c6 phuong

phép tét hon.
Read tho ERHETESTIINE):]
FASTQ nén

Read sau alignment khoang 80 GB
BAM

Nén theo reference - khoang 20 GB
CRAM

Bien t\%?: . 4-5 triéu bién thé, khoang 1 GB

Két luan l vai bién thé c¢6 ¥ nghia

bao céo

Hinh 1.10: “Ph&u dit liéu” ctia mdt hé gen ngudi & coverage 30x. Chiéu dai thanh ti 1& v6i dung
lugng luu trit.

Dt liéu thé cia mot ngudsi vao khoang 100 GB. Mdt dy 4n nghién ctu mdt nghin ngudsi
14 khodng 100 TB, vugt xa khi ning clia bat ky may tinh c4 nhan nao.
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Con s nay van con danh gid thip quy mo that sy clia dit liéu, vi gidi trinh tu khong chi
don gidn 14 doc hé gen ctia mdi ¢ thé mot lan. Hé gen gan nhu gibng nhau & moi té bao
trong co thé, nhung transcriptome thi khac nhau gitta cdc mé, céc giai doan phét trién va céc
diéu kién méi trudng, vi vy mot nghién ctu cé thé can giai trinh tu RNA & nhiéu mé cia
cting mot ca thé, tai nhiéu thoi diém khac nhau. Tuong tu, mdi loai té bao cé mot trang thai
epigenome (hé biéu sinh) riéng, titc tdp hop nhitng bién ddi héa hoc va cAu tric trén DNA
va chromatin khong lam thay déi trinh tu nhung dnh huéng dén viéc gen nao duge biéu hién.
Trang thai nay gdm ving chromatin mé, cdc histone marker (bién déi héa hoc trén protein
histone danh diu trang thai hoat dong ctia mdt ving chromatin) va mttc DNA methylation
(methyl héa DNA), va mdi 16p thong tin nay lai can mot thi nghiém riéng. Gan day hon, cic
cong nghé single-cell (don té bao) cho phép do transcriptome hay epigenome ctia titng té bao
riéng 1é thay vi ciia c& mot mau mo, nén mot thi nghiém c6 thé tao ra dit liéu cho hang nghin
té bao hodc hon. Khi nhan s6 cé thé v6i s6 mo, sb6 thoi diém, s6 16p dit liéu va sb té bao, khi
luong dit liéu tang lén rat nhanh. Quan trong hon, dit liéu khong chi 16n ma con phiic tap,
vi cdc 16p thong tin cé cau tric khac nhau, nguon nhiéu khac nhau, va phai duge két ndi véi
nhau méi trd 16i duge mot cadu hoi sinh hoc.

Céc kho dit lidu cong cong qudc té nhu Sequence Read Archive (SRA) ctia NCBI (National
Center for Biotechnology Information, Hoa Ky) hién luu trit hang chuc petabyte di liéu trinh
tu. 0 quy moé nay, cau héi khong chi 1a “phan tich ra sao”, ma con la “luu & dau, chay trén
may nao, va lam sao dé ngudi khéc chay lai duge ding két qua ctia minh”. Nhitng van dé nay
sé dugc dé cap & phan sau ctia sach.

Tt Miescher véi chiée bang gac nam 1869 dén nhitng kho dit liéu hang petabyte hom nay,
cau hoéi co ban ciia sinh hoc van khéng thay déi, dé 13 théng tin di truyen 1 gi, va né tao
nén sy song nhu thé nao, con diéu thay déi 1a cong cu. Néu thé hé ciia Franklin, Watson va
Crick tra 15i cau héi d6 bang tia X va m6 hinh que, thi cdc nha nghién citu hién nay tra 1oi
bang thuit toan, théng ké va dong lénh. Tuy vAy, cong cu méi khong thay thé cho tu duy
sinh hoc. Mot phan tich chi c6 gid tri khi né xuat phat tit mot cau hoi sinh hoc ro rang va
két thic bang mot dién giai sinh hoc hop 1y.

Tém tit chuong

e Nho chudi thi nghiém ctia Griffith, Avery, Hershey va Chase, cung quy luat Chargaff, DNA
dudc xéc dinh 13 vt chat di truyén. S6 liéu nhiéu xa tia X ctia Franklin va Gosling déng
vai tro quyét dinh gitip Watson va Crick xdy dung m6 hinh chudi xoén kép nam 1953.

o Central dogma mo t4 dong thong tin DNA—RNA—protein. Mdi phan ti tuong tng véi
mot tang dit litu omics.

« (Co6ng nghé gidi trinh tu da trai qua ba thé hé, tit Sanger dén short read song song va long
read phan t& don, dan dén hé gen ngudi hoan chinh (2022) va pangenome (2023).

e Hé gen ngudi c¢6 khoang 3,1 ty cap base va 20 nghin gen ma héa protein, nhung chi khoang
1,5% 1a trinh tu ma héa. DNA trong nhén bi nén chat, va mot gen chi duge phién ma khi
vung chromatin chita né duge mé ra.

 Khi khé khin dan dich chuyén tit phong thi nghiém sang mdy tinh, hé gen hoc tinh toan
ra doi ¢ giao diém ctia sinh hoc, khoa hoc may tinh va théng ké. Chi phi giai trinh tu
giam nhanh hon dinh luat Moore, bién dit liéu hé gen thanh mot bai toan dit liéu 16n.

Thuat ngiv
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Thuat ngiv Tén tiéng Viét Giai thich

alignment s&p xép trinh tu Dit céc trinh tu canh nhau dé tim phan tuong
dong; véi dit lieu giai trinh tu 13 x4c dinh vi tri
cua tung read trén reference

annotation cha giai hé gen Xiéc dinh vi trf va cAu tric ctia gen, transcript va
cac yéu t6 chiic nang trén hé gen

antiparallel déi song song Hai mach DNA chay theo hai huéng ngugc nhau

assembly (de novo)
ATAC-seq

BAM / CRAM
base, base pair (bp)
BED

big data

bioinformatics

¢DNA (complementary
DNA)

central dogma
ChlIP-seq
chromatin

codon, stop codon

complementary base
pairing
computational
genomics

count matrix

coverage, depth

differential expression

diploid / haploid
DNA methylation

double helix

ghép trinh tu

base, cap base

dw liéu 16n

tin sinh hoc
DNA bé sung

hoc thuyét trung tam

chat nhiém sac

b6 ba, bo ba két thic

bit cip bd sung
hé gen hoc tinh toan
bang dém

dé phu
biéu hién khac biét

ludng boi / don boi
methyl héa DNA

chudi xoan kép

Ghép céc read thanh trinh tur dai ma khong can
reference

Giai trinh tu cAc manh DNA nam trong ving
chromatin mé

Pinh dang file luu két qua alignment; CRAM 13
dang nén dya trén reference

Base nito A, T, G, C cua nucleotide; cip base 1a
don vi do chiéu dai DNA soi doi

Pinh dang file luu toa d6 cidc vung trén hé gen, vi
du cac peak

D1t liéu ¢6 quy m6 va dd phic tap vugt qua kha
nang luu trt va x 1y clia cac cong cu thong
thudng

Nganh ding phuong phép tinh todn dé quan 1y va
phan tich du liéu sinh hoc

DNA dugc téng hop tit khuén RNA nhd enzyme
phién ma ngugc

Nguyén 1y vé dong thong tin
DNA—RNA—protein

Giai trinh tu cAc manh DNA gin véi mot protein
nhat dinh, dugc tdch bang khang thé

Phitc hop DNA va protein, cht yéu 13 histone, tao
nén nhiém séc thé

Nhém ba nucleotide lién tiép trén RNA, ma héa
mot amino acid; b ba két thiic bao hiéu ding
dich ma

A bit cip v6i T, G bat cip véi C gifta hai mach
DNA

Linh vuc diing thuit todn, théng ké va ha tang
tinh todn dé khai thac dit liéu hé gen

Béng s6 read ctia mdi gen (hang) trong mdi mau
(cot)

S6 read trung binh phii 1én méi vi tri trong hé gen
Gen c6 miic biéu hién khac nhau gita cdc nhém
mau

Mang hai bo / mot bo nhiém sic thé

GA&n nhém methyl lén base ctia DNA, thuong 1a C
trong CpG, anh huéng dén biéu hién gen ma
khong ddi trinh tu

Céu tric hai mach DNA xofin quanh mot truc
chung
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Thuit ngiv

Tén tiéng Viét

Giai thich

downstream analysis

epigenome

eQTL
FASTA / FASTQ
gene expression

genome

genotype

GTF / GFF
GWAS

histone marker
indel

mtron

model species

motif

NGS (next-generation
sequencing)

nucleotide

omics

pangenome

paralog
peak calling
physical mapping

pipeline

hé biéu sinh

biéu hién gen

hé gen

kieu gen

nghién ctru lién két
toan hé gen

loai m6 hinh

giai trinh tu thé hé
méi (thé hé thit hai)

bén sao gen tuong
dong

1ap ban dd vat Iy

quy trinh phan tich

Céc phan tich dung VCF, count matrix hay peak
dé tra 15i cAu hoi nghién citu

Céc bién déi héa hoc va cau tric trén DNA va
chromatin khong lam thay d6i trinh tu nhung dnh
huéng dén biéu hién gen

Vi tri trén hé gen ma bién thé tai dé 4nh hudng
dén mtic biéu hién ctia gen

Dinh dang luu trinh tu / luu read kém diém chat
lugng cta tiung base

Qué trinh gen dugce phién ma (va dich ma) thanh
san pham

Toan bo vat chat di truyén ciia mot sinh vat

T6 hop allele ctia mdt ca thé tai mot vi tri; di hop
(heterozygous) khi hai allele khic nhau

binh dang file annotation, luu vi trf va cau tric
cia gen va transcript

Tim cac bién thé lién quan dén mot tinh trang
hay bénh trén toan hé gen

Bién d6i hoa hoc trén protein histone, dénh diu
trang théai hoat dong ctia mot vung chromatin
Doan trinh ti ngén bi chén thém (insertion) hay
mét di (deletion)

DPoan nam trong gen nhung bi cit bé khéi RNA
truée khi dich ma

Loai dugc nghién cttu rong rai, c6 san reference va
cong cu, vi du chuot, rudi gidm, Arabidopsis
thaliana

Doan trinh tu ngén dic trung ma mot yéu t6
phién ma nhan biét va gan vao

Céc cong nghé giai trinh tu song song hang loat
t thé hé tht hai tré di

Don vi cau tao clia axit nucleic, gdbm mot phan tit
duong, mét nhém phosphate va mot base

Dit litu do ddng thoi toan bd mot loai phan ti, vi
du genome, transcriptome

Tap hop hé gen ciia nhiéu ci thé trong cting mot
loai, dung lam reference thay cho mot hé gen duy
nhét

Céac ban sao gen trong cung mot hé gen, sinh ra
tur sy kién nhan doi

Tim nhimg ving c¢6 nhiéu read chong chat hon
han so véi nén trong ChIP-seq, ATAC-seq

Xéc dinh vi tri tuong ddi ciia cic doan DNA 16n
trén nhiém sac thé

Chubdi céc bude xit Iy ndi tiép, dau ra ciia bude
trude 1a dau vao ciia bude sau
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Thuat ngiv Tén tiéng Viét Giai thich

polyploidy, da bdi, da boi hoa Mang nhiéu hon hai b6 nhiém sic thé / qué trinh
polyploidization tao ra loai da boi

quality control (QC)
quantification
read

reference

reference bias

reference genome

requlatory region
replication

reverse transcription,
reverse transcriptase

RNA-seq

sequencing

sequencing library
short read / long read
single-cell

SNP

structural variant (SV)
transcript
transcription /

translation

transcription factor
(TF)

transcriptome

transposable element
(TE)

variant

kiém soat chat lugng

dinh lugng

dit liéu tham chiéu

thién léch tham chiéu

hé gen tham chiéu

viing diéu hoa
sao chép DNA

phién ma ngugc,
enzyme phién ma
nguaoc

giai trinh tu RNA
giai trinh tu

thu vién giai trinh tu

don té bao

bién thé ciu triic
ban phién ma
phién ma / dich ma
yéu t6 phién ma

hé phién ma

yéu t6 di dong

bién thé

DPénh gi4 dit litu va loai bd read, base kém chat
lugng

Dém read theo gen hay transcript dé uéc lugng
mitc biéu hién

Mot doan trinh tu do may giai trinh tu doc dugc
tt mét ménh DNA

B6 dit liéu chuan ciia mot loai, gdm hé gen
(FASTA), annotation (GTF/GFF), transcript
(cDNA) va dit liéu di kem

Xu huéng bd sé6t hay danh gid sai nhing trinh ty
khéc biét nhiéu so véi reference

Hé gen chudn ctia mot loai, ding dé so sanh
Ving DNA quyét dinh gen duge biéu hién & dau,
khi ndo va nhiéu hay it

Téng hgp phan tit DNA méi tit khuén DNA, theo
kié¢u ban béo toan

Téng hgp DNA tit khuén RNA / enzyme thuc
hién qué trinh doé

Giai trinh tt RNA (sau khi chuyén thanh cDNA)
dé do biéu hién gen

Xéc dinh thit tu cdc nucleotide trong mot phan ti
DNA hay RNA

Tap hop cidc manh DNA da duge xit Iy dé dua vao
may giai trinh tu

Read ngan (50-300 base) / read dai (hang chuc
nghin base trdé lén)

Po dit liéu omics & tiing té bao riéng 1é thay vi c
mot mau mod

Sai khic tai mot nucleotide gifta céc cé thé (single
nucleotide polymorphism)

Thay d6i 16n nhu mét, lip, ddo hay chuyén chd
mot doan DNA dai

Mot phan tit RNA duge phién ma tir gen; mot gen
¢6 thé cho nhiéu transcript

Téng hgp RNA tit DNA / téng hgp protein tir
RNA

Protein gin vao DNA tai cdc motif diic trung dé
diéu hoa phién ma

Toan bd cac phan tit RNA trong mot té bao hay
md tai mot thoi diém

Poan DNA c6 thé di chuyén hoiic tu sao chép
trong hé gen

Vi tri ma trinh tuw DNA khac nhau gitta céc cé thé
hay khac véi reference
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Thuit ngiv Tén tiéng Viét Giai thich

variant calling goi bién thé Tim cac bién thé tir dit liéu alignment

VCF - Dbinh dang file luu céc bién thé va kiéu gen

WGS / WES - Giai trinh ty toan bd hé gen / chi exome, titc cdc
vung ma héa protein

whole-genome nhéan doi toan bo hé Su kién tién hoéa trong dé toan bo hé gen duge

duplication gen nhan doi

whole-genome shotgun — — C4t ngau nhién toan bo DNA thanh manh nho,

doc hét rdi ghép lai bang mdy tinh
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