Chuong 2

D1t liéu hé gen dudc tao ra nhu thé
nao?

0 chuong trude, ching ta néi rang “doc” mot hé gen ngudi gid chi tén vai tram do la. Cau
né6i dé ding nhung chua day du, vi khong c6 may nao doc DNA giéng nhu ta doc mot cudn
sach. Mbi cong nghé chi cho ta mot géc nhin, véi do phan giai nhat dinh, va luén kem theo
16i. Mot bo dit liéu hé gen vi vAy khong phai 1a “su that” vé sinh vat, ma 1& mdt phép do cb
gi6i han.

Chuong nay tra 15i ba cau hoéi, dé 1a doc céi gi, doc bang céch nao va doc & d6 phan giai
nao. Dat hai cAu hoéi dau canh nhau, ta dudc mot ma tran, con cau hoéi thit ba cho biét mdi
6 cia ma tran c6 thé dugce do trén cd moét mau mo, trén timg té bao hay ngay tai vi tri ciia
té bao trong moé. Hau hét cic cong nghé tao dit liéu hé gen hién nay déu nam & mot 6 trong
ma tran dé. Cudi chuong, ching ta sé doc lai ma tran theo mot géc nhin khéc dé xéc dinh
moi 6 c6 nhitng gidi han gi, va nhitng gidi han d6 da sinh ra nhiing bai todn tinh toan nao.

2.1 Phan loai c6ng nghé theo tidng phan ti va nén tang doc

Cau héi thtt nhat, doc cai gi, lién quan dén tang phan t@. Quay lai central dogma, ta cé thé
do trinh tu DNA va cdc bién thé ctia nd, do lugng RNA dugce phién ma, do cdc dau an hoéa
hoc trén DNA nhu methylation, do viing chromatin nao dang mé va protein niao dang gan
vao DNA, hay do cach hé gen gap cudn trong khong gian ba chiéu. Mdi tang tra 15i mot cau
héi sinh hoc khic nhau. Trinh tu DNA cho biét mot ¢4 thé mang nhitng bién thé nao, gan
nhu khoéng d6i trong subt doi séng va gidbng nhau gitta cdc mo. Céc tang con lai thi thay doéi
theo loai té bao, theo giai doan phat trién va theo diéu kién méi trudng, nén cho biét phan
nao ctia hé gen dang thét suw duge st dung. Vi vy, cling mot ca thé cé thé cho ra mot bo dit
licu DNA duy nhat nhung rat nhiéu bo dit litu RNA hay chromatin khac nhau, tiy theo mo
duge 1y mau.

Cau héi thit hai, doc bang cach nao, lién quan dén nén tang cong nghé. Cé ba cach doc
chinh, trong dé array (chip) dua trén su lai phan tit (hybridization) gitta DNA mau va cic
probe (dau do) da thiét ké san, short-read sequencing doc song song hang t§ doan ngin,
con long-read sequencing doc tung phan tit DNA hoac RNA dai. Ba cich doc nay khac
nhau ¢ mot diém co ban. Array chi kiém tra nhitng gi ngudi thiét ké da biét trude, trong khi
hai cach giai trinh tu doc truc tiép trinh tu base nén c6 thé phat hién diéu mdi. Giita hai
cach gidi trinh tu, chicu dai cia mdi lan doc quyét dinh ta git dude bao nhiéu thong tin veé
nhing gi ndm canh nhau trén cling mét phan ti.

Cau hoi thit ba, doc & do phan giai (resolution) nao, lién quan dén don vi ma moi phép
do mé ta. Cach do truyén théng, goi 1a bulk, do chung cd mdt mau moé gom hang triéu té
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bao, nén két qua 1a gia tri trung binh clia moi té bao trong mau. T cudi thap nién 2000, cac
ky thuét single-cell cho phép do riéng timg té bao,! va gan day céc ki thuat spatial con
gitt dudc vi tri ctia timg té bao hay ting viing nhé trong mé. Gitta cdc mitc nay con nhicu
nac trung gian, vi du nhu do trén mét nhém té bao da dude téch riéng theo loai, do trén
nhan thay vi ca té bao, hay do trén nhimg diém ctia mot 14t cit mo c6 kich thude tit vai té
bao xudng dén nhé hon mot té bao. Song song véi viec tang dd phan giai 13 mot xu hudng
khéc, d6 14 do ddng thdi nhiéu tang phan ti trén cliing mot té bao hay cling mét lat cit mo,
thay vi do ting tang trén nhitng mau khac nhau. Hai xu huéng nay sé dudc trinh bay ky &
cudi chuong, sau khi ngusi doc da nim duge timg tang phan t& va ting nén tang doc.

Dit hai truc dau tién vudéng géc véi nhau, ta dude ma tran trong Hinh 2.1. Ma tran nay
¢6 hai céch doc. Poc theo hang, ta thiy cting mot cAu héi sinh hoc ¢ thé dudc tiép can bang
nhiéu co6ng nghé, v6i nhitng danh déi khac nhau. Doc theo cot, ta thiy lich sit phét trién
cong nghé, trong d6 mdi cot ra doi sau, mot phan dé giai quyét gidi han ciia ¢t trude. Do
phan gidi khong duge vé thanh mot truc riéng, vi né cit ngang gan nhu moi 6 clia ma tran,
vi du nhu RNA-seq hay ATAC-seq déu cé phién ban bulk, single-cell va spatial.

Array Short read Long read

.2 z SNP array
Bien thé hang tram nghin dén
DNA vai triéu vi tri dinh sdn

Long-read WGS:
structural variant,
phasing, vung lap, T2T

WGS, WES,
low-pass WGS
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Hinh 2.1: Ma tran cong nghé tao dit liéu hé gen. Hang biéu dién tang phan tit duge do, cot biéu dién
nén tang doc. Mbi 6 1a mot nhém céng nghé tiéu biéu.

Phan con lai ctia chuong di theo ding ciu tric nay. Trude hét, ching ta tim hiéu nguyén
Iy ctia ba cach doc, moi cach chi giai thich mot lan. Sau d6, ching ta di qua timg hang clia
ma tran. Céach sdp xép nay gitp tranh lip lai, vi ciing mot nén tdng nhu short read xuat hién
& hau hét cic hang, chi khac nhau & budce chuan bi mau trude khi doc. Khi da nidm dugc
nguyén 1y clia mot nén tang, ngudi doc ¢ thé doan trudc phan 16n diém manh va diém yéu
ctia n6 & bat ky hang nao. Vi du nhu gi6i han vé chiéu dai read ctia short read sé& lan lugt
hién ra khi ta ban vé structural variant, vé isoform, ttic cac transcript khic nhau dudc tao ra
tit cling mot gen, va vé phasing, ttc viéc xdc dinh céc bién thé c6 ndm trén cting mot nhiém
sac thé hay khong.

!Tang F. v& cong su (2009). mRNA-Seq whole-transcriptome analysis of a single cell. Nature Methods
6:377-382. https://doi.org/10.1038 /nmeth.1315
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2.2 Ba nén tang céng nghé

2.2.1 Array

Nguyén Iy ciia array 1a su lai phan ti, ttc su bat cip gitta hai mach DNA bé sung. Trén mot
con chip nhé, ngudi ta gin sdn hang trim nghin dén vai triéu loai probe, mdi loai 13 mot
doan oligonucleotide ngin dugc thiét ké dé bat cip véi mot vi trf cu thé trong hé gen. DNA
mau duge cit nho, danh ddu huynh quang va d6 1én chip. Poan DNA nao bé sung véi probe
nio sé bam vao dé, va cudng do huynh quang tai mdi diém cho biét lugng DNA tuong tng.

Vé6i SNP array, mdi vi tri SNP ¢6 tin hiéu cho hai allele. Vé cuong do cta allele A va allele
B cho nhiéu méu, ta thdy cidc mau tu tich thanh ba dam, tuong ting véi ba kicu gen AA,
AB va BB (Hinh 2.2). Viéc gén kiéu gen cho ting mau, goi 1a genotype calling, thic chit
13 mot bai todn phan cum (clustering). Nhitng mau nam lung chimg gitta cic dam sé khong
dugc gén kiéu gen va duge ghi nhan 1a no-call.

cudng do 4 BB
allele B :‘.‘\:
DNA mAu bét cip Yol
va phat huynh quang AB
»
%
L J
probe probe
khong khép khong khop AA
no-call T30
{11 1 o wN
_ cuong do
bé mit chip allele A
(a) Lai phén ti trén chip (b) Genotype calling

Hinh 2.2: Nguyén 1y SNP array. (a) Chi DNA b6 sung v6i probe méi bam lai va phét tin higu. (b)
M&i diém 13 mét mau; cdc mau tu tdch thanh ba ddm kiéu gen. Diém xdm nam giita cic ddm khong
duge gan kiéu gen.

Diém manh ciia array 1a ré, nhanh va 6n dinh. Chi phi méi mau chi khoang vai chuc d6
la, quy trinh phéan tich da chuan héa tir lau, va dit liéu giita cdc phong thi nghiém dé so sanh
v6i nhau. Nho vy, array 1a lua chon gan nhu mic dinh cho cdc nghién cttu can hang tram
nghin mau, nhu UK Biobank v4i khodng 500 nghin ngudi tham gia, hay céc chuong trinh
chon gidng vit nuoi.

Diém yéu ctia array ciing nim ngay trong nguyén 1y ctia n6, d6 1a chi do duge nhimmg gi
da duge thiét ké san. Mot bién thé khong c6 probe tuong tmg thi hoan toan v hinh. Hon
nita, cac vi trf trén array thuong duge chon dua trén nhiing quan thé da cé nhiéu dit liéu,
cht yéu 1a ngusi gbe chau Au. Khi ding cho quan thé khéc, array c¢6 thé bo sét nhitng bién
thé quan trong riéng ctia quan thé dé, va hién tuong nay ducc goi 13 ascertainment bias,
tttc sai léch sinh ra vi céc vi tri dude do da duge chon tit truée dua trén mot sb quan thé
nhat dinh.

2.2.2 Short-read sequencing

Nén tang short read phd bién nhat hién nay 1a Illumina, dia trén nguyén ly sequencing by
synthesis (giai trinh tu bing téng hop). Khéc véi array, giai trinh tu khong can biét trude
vi tri ndo sé dude do, ma doc truc tiép thit tu cdc base trén ting doan DNA. Nhd vay, moi
bién thé nam trén doan dugc doc déu cé co hoi duge phat hién, ké ci nhitng bién thé chua
ting duge ghi nhan. Y tuéng cbt 16i 1a ghi lai timg nucleotide khi polymerase téng hop mach
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bé sung, va lam diéu d6 ciing lic trén mét sé lugng cuc 16n cdc doan DNA. Qué trinh gom
ba bugc chinh (Hinh 2.3).

1. Tao thu vién (library preparation). DNA dugc cit thanh cdc doan vai trdm base, hai
dau duge gan cic doan adapter, ttic nhitng doan DNA ngén c6 trinh tu biét trude, giip
doan DNA bam vao flow cell va duge mdy nhan dién.

2. Khuéch dai thanh cum (cluster generation). M&i doan DNA bam vao bé mat flow cell,
titc tam kinh c6 cac kénh nhé noi phan ng gidi trinh tu dién ra, va dude nhan lén tai
chd thanh mot cum gom hang nghin ban sao gidéng hét nhau. Muc dich 1a khuéch dai tin
hiéu di manh dé camera nhin thay.

3. Poc theo chu ky. O mdi chu ky, polymerase gin thém ding mét nucleotide vao mach
dang tong hop. Méi loai nucleotide mang mot mau huynh quang khac nhau va cé mot
nhém chdn tam thdi (reversible terminator), nén qua trinh dimg lai sau méi base. Camera
chup &nh toan bo flow cell, ghi lai mau clia ting cum, rdi nhém chin duge cat b dé bat
dau chu ky tiép theo.

Sau 150 chu ky, moéi cum cho ra mot read dai 150 base. Hang ty cum dudce doc song song
trén cting mot flow cell, va d6 1a 1y do chi phi gidm manh. Phan 16n dit liéu hién nay 1a
paired-end, ttic méi doan DNA dudc doc tit c& hai dau, cho ra mot cap read cach nhau mot
khoang xap xi biét trudc, goi 1a insert size, ttc chieu dai ctia doan DNA dudc doc tit hai dau.
Théng tin vé khoang cich nay rat hitu ich khi alignment va khi phat hién structural variant.
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c.1 c.2 ¢3 c4
1. Cit DNA, 2. Khuéch dai 3. Mdi chu ky: 1 base,

< N - A Read
gan adapter thanh cum chup anh, ghi mau
read 1 (150 base) read 2 (150 base)
— —ee
Paired-end:

insert size, thudng vai tram base

Hinh 2.3: Sequencing by synthesis (Illumina). Phia trén 13 ba buéc tit DNA dén read; phia dudi 1a
mdt doan DNA dugc doc tit hai dau, cho ra mot cip read.
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C6 thé ban chua biét. Vi sao lai doc ti hai ddu?

Mot doan DNA trong thu vién thudng dai vai tram base, trong khi moi read chi doc
duge khodng 150 base § mot dau. Véi paired-end, may doc thém dau con lai ctia ciing
doan DNA, nén mdi doan cho ra hai read huéng vao nhau, nam trén hai mach nguge
chiéu va céch nhau mot khodng gan bang insert size. Nhin qua thi day chi 1a gap doi
luong dit liéu, nhung diéu quy nhat 1 hai read biét “toa do twong ddi” ctia nhau, va
aligner, tiic chuong trinh thic hién alignment, c¢6 thé ding thong tin dé theo ba céch
(xem hinh minh hoa bén duéi).

— — hai read huéng vao nhau,

Cap concordant . Lo .
: cach nhau ding insert size

-
insert size
Map read — — read 1 khép cd hai ban sao;
¢ . 15 read 2 nam & trinh tu duy nhat,
rong vung ‘ap nén vi tri bén trai dugc xep hang cao h
Loc alignment sai — — xa hon nhiéu so véi insert size:
: nghi ngd read bi dit sai cho
Tin hidu — — nhiéu cgp ciing xa thém

— — mot khodng nhu nhau:

structural variant m— dau hiéu mat doan

Ba céch diing nay dua trén cting mot nguyén tac. Mot cip read duge goi 14 concordant
khi hai read nam ding chiéu, ttc huéng vao nhau, va cdch nhau mot khodng nam trong
phan bd insert size clia thu vién; ngudc lai, cap d6 1a discordant. Khi mot read roi
vao vung lip, né c¢6 thé map vao nhiéu vi trf vi diém alignment gan nhu nhau, goi la
multiple hits, va néu chi nhin riéng read d6 thi aligner khéng biét vi trf nao ding. Lic
nay read con lai trong cip trd thanh théng tin bé sung. V6i moéi vi tri Gng vién clia
read thit nhét, aligner kiém tra xem read thit hai ¢c6 map duge & ding chiéu va ding
khoang céch insert size hay khéng. Nhitng vi tri tao thanh mot cap concordant dugce xép
hang cao hon va duge gan mapping quality cao hon, titc mitc d6 tin cdy rang read
duge dit ding cho, con nhitng vi tri con lai bi xép hang thap. Paired-end khong x6a bo
hoan toan s mo ho, vi néu ci hai read cling nim gon trong ving lip thi céc vi trf van
ngang nhau, nhung trong rat nhiéu truéng hop né gitp aligner chon ra alignment ddng
tin cAy nhat. Tuong tu, khi mot cip bi discordant ma khéng cé 1y do sinh hoc o rang,
aligner ha mapping quality hodc ddnh ddu cip dé dé cac bude sau than trong hon. Céc
cong cu phat hién structural variant lai lam diéu nguge lai, tic di tim nhitng nhém cap
discordant cting kiéu lip lai 6 mot ving, vi mot cip discordant don 1& thudng chi 13 151,
nhung nhiéu cip cling léch mot khoang nhu nhau thi thudng 14 dau vét clia mot doan
DNA bi méat, bi chén hay bi ddo trong mau so véi reference.

Phred quality score. Mdi base trong read di kém mot diém chat luong, goi 14 Phred
quality score, phan d4nh x4c suat may doc sai base d6 theo cong thitc

Q = —10logy, p,
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trong d6 p 1a x4c suat 16i. Céch biéu dién theo thang logarit gitip cdc con s6 dé nhé (Bang 2.1).
Q20 nghia 1a ¢t 100 base thi c¢6 khodng mdt base sai, Q30 1& mot trén mot nghin. D liéu
Ilumina hién nay thudng cé phan l6n base dat Q30 trd lén, va chat lugng cé xu huéng giadm
dan vé cubi read. Tt cong thitc cé thé thiy mdi khi Q ting thém 10 don vi, xac suat 151 gidm
di mudi lan, nén khodng cach gitta Q20 va Q30 16n hon nhiéu so v6i cam gidc ban dau khi
nhin hai con s6. Trong thic hanh, Phred score dudc ding ngay tit nhitng buéc xit 1y dau tién,
vi du nhu dé cit boé phan cudi read cé chat lugng thap hoic dé gidm trong sé ctia nhitng base
kém tin cdy khi xéc dinh bién thé.

Phred score Xiac suit 16i D6 chinh xéc Dién giai
Q10 1/10 90% chat lugng kém
Q20 1/100 99% chap nhan dugc
Q30 1/1.000 99,9% ngudng “t6t” thudng dung
Q40 1/10.000 99,99% rat tot

Bang 2.1: Phred score va x4c suat 18i tuong tng.

Can dat cAu héi con s6 x4c suat nay dén tit dau va c6 dang tin cdy hay khong. May giai
trinh tu khong “biét” base nao sai, ma chi udc tinh xac suat 16i dua trén dic diém tin hiéu,
bang mét mo hinh théng ké dude hiéu chinh tir dit liéu. Néi cach khéc, ngay tit bude dau
tién, dit liéu hé gen da la mot két qua ciia suy luan théng ké. Ching ta sé quay lai ¥ nay &
phan sau ctia sach.
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C6 thé ban chua biét. Lam sao biét mdi read dén ti té bio nao?

Short read ciing 14 nén tang ctia phan l16n cdc phuong phép single-cell hién nay, va mau
chét nam & chd moi phan tit clia cling mot té bao dude “déng dau” bang cliing mot ma
truge khi dude tron chung véi cdc té bao khac (xem hinh minh hoa bén duéi). Trong
cdc hé thong dang giot (droplet), méi hat gel mang rat nhiéu oligo, titc nhitng doan
DNA ngin dude téng hop nhan tao. Moi oligo trén ciing mot hat cé chung mot cell
barcode, nhung moi oligo lai mang moét UMI (unique molecular identifier) riéng, titc
mot doan trinh tu ngAu nhién, va tan cling bang mot chudi poly(dT) ¢é thé bit cip véi
dudi poly(A) ctia mRNA. Té bao va hat gel duge dua vao mot thiét bi vi 1éng véi nong
do dugc diéu chinh sao cho moéi giot thudng chi chtta nhiéu nhat mot té bao va mot
hat. Trong giot, té bao bi pha v, mRNA dugc oligo bit lai v phién ma ngude thanh
¢DNA, nén moéi phan tt cDNA mang theo barcode ctia giot va UMI ctia chinh né. Sau
dé, céc giot duge pha va, toan bo cDNA duge gop chung dé tao thu vién va giai trinh
tu paired-end, trong d6 read 1 doc barcode va UMI, con read 2 doc trinh tyw cDNA.¢
Khi phéan tich, read duge nhém theo barcode dé biét dén tit t& bao nao va duge map 1én
reference dé biét thudc gen ndo. Vi mdi cip té bao va gen, ta dém s6 UMI khac nhau
thay vi s6 read, vi nhitng read c6 ciing barcode va cting UMI chi 13 ban sao PCR cuia
mot phan tit ban dau. Két qua 1a mot count matrix v6i mdi hang 13 mot gen va moi cot
13 mot té bao. Vi cach lam nay, mot 1an chay c6 thé do transcriptome ctia hang chuc
nghin té bao.’

1. Hat gel mang oligo 2. Trong giot: b&t mRNA, phién ma nguagc
| ut | TrIT
[w2 | TTIT ——> — TTTT cDNA gen A
[barcode|[FER moéi cDNA mang barcode ciia giot
giot a UMI ctia chinh phan ti d6
cung barcode, khac UMI ey U @ik @il fplikm e 1Y)
3. GOop chung, giai trinh tu paired-end 4. Count matrix (gen x té bao)
read 1 read 2
- gen A } ban sao PCR:
| gen A chi dém mot gen A 9 1 0
. N
. s genB ] 0 1
B | A
s | gen B X oA s A y p 2 A A 1R LS
moi 6 la so UMI khéac nhau cia mot gen trong mot te bao

“Chen X. va cong su. scg_lib_structs, 10x Genomics Single Cell 3’ V3.
https://scg-lib-structs.readthedocs.io/en/latest/ge/10xChromium3v3.html

®Zheng G.X.Y. va cong su (2017). Massively parallel digital transcriptional profiling of single cells.
Nature Communications 8:14049. https://doi.org/10.1038 /ncomms14049

2.2.3 Long-read sequencing

Short read ¢6 mot giéi han mang tinh ban chat, d6 1a read qua ngin so v6i nhiéu cau tric

trong hé gen. Cac doan lap, structural variant hay mot phan tit RNA hoan chinh thudng dai

hon read nhiéu lan, nén khi DNA bi cit thanh nhitng manh vai tram base, thong tin vé viéc
cdc manh nam canh nhau ra sao trén phan t& ban dau phan 16n bi mat. Khéng cé cich tinh
toan nao khoéi phuc dude tron ven thong tin da khéng duge do. Long read ra dsi dé vugt qua
gi6i han d6 bang cach doc ting phéan tit don 18, dai, thay vi khuéch dai v& doc hang ty manh

ngan. Hai nén tang chinh hién nay dua trén hai nguyén 1y hoan toan khéc nhau.



https://scg-lib-structs.readthedocs.io/en/latest/ge/10xChromium3v3.html
https://doi.org/10.1038/ncomms14049
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PacBio dung cong nghé single-molecule real-time (SMRT, giai trinh tu phan t don theo
thai gian thuec), trong d6 mot phan tit polymerase duge c¢6 dinh & didy mot giéng siéu nho,
va mdi khi gdn mot nucleotide phat huynh quang, né tao ra mét tia sing duge ghi lai theo
thoi gian thuc. Diém dic biét nam & khuon DNA, duge ndi thanh vong tron dé polymerase
¢ thé doc di doc lai cling mot phan tit nhic¢u lan. Gop céc lan doc d6 lai thanh mét trinh tu
dong thuin (consensus sequence), ta duge HiFi read (high-fidelity read, read c6 dd chinh
x4c cao), c6 chiéu dai khodng 15-20 nghin base, v6i do chinh xac trén 99,9%.

Oxford Nanopore (ONT) khong diung &nh séng, ma kéo mdt mach DNA qua mot 16
protein ¢d nanomet (nanopore) nam trén mang, vd mdi nhém vai nucleotide di qua 16 lam
dong dién ion thay d6i theo mot kiéu ddc trung. Mot mang neural (neural network) sau dé
“dich” tin hiéu dong dién thanh trinh tu base, mot budc goi la basecalling. Vi khong c6 gisi
han ctmg vé chiéu dai, ONT c6 thé doc céc phéan tit dai hang triam nghin base, tham chi hon
mot triéu base. Thiét bi nhd nhat ctia ONT chi bang chiéc dién thoai va cim truc tiép vao
may tinh.

C6 thé ban chua biét. Lich s céng nghé nanopore

Y tudng kéo DNA qua mot 16 nhé dé doc trinh tu duge David Deamer phéc thio trong
s6 ghi chép ngay 25 thang 6 nam 1989.% Phai mat hon hai muoi nam nghién citu, tit viéc
chon loai protein lam 16 dén kiém sodt toc d6 DNA di qua, ¥ tuéng dé6 méi thanh san
pham thuong mai vao niam 2014. Nhitng thiét bi dau tién c6 ti 1é 16i rat cao, va nhiéu
ngudi titng nghi ngd cong nghé nay. Ngay nay, cing véi PacBio, né da gép phan giai
trinh tu hoan chinh hé gen ngudi.

“Deamer D., Akeson M., Branton D. (2016). Three decades of nanopore sequencing. Nature
Biotechnology 34:518-524. https://pme.ncbi.nlm.nih.gov/articles/PMC6733523/

Mot vu diém 1t duge chd ¥ clia c& hai nén ting long read 1 kha ning phét hién bién déi
base (base modification) ngay trén phan tit géc. Vi PacBio, mot cytosine bi methyl héa lam
polymerase gin nucleotide chim hon mot chit. V6i ONT, né lam tin hiéu dong dién khac
di. Nho vay, ta c6 thé doc dong thoi trinh tu va methylation tit cling mét 1an giai trinh tu,
ma khong can xit 1y héa hoc nhu cic phuong phap short read. Uu diém nay cé duge chinh
vi long read doc phan tt gbc, khong qua bude khuéch dai. Khi DNA duge nhan ban bang
polymerase, cic dau an héa hoc trén base khong dugc sao chép sang ban sao, nén moi phuong
phép cé budc khuéch dai déu lam mat thong tin nay néu khéng xit 1y tit trude.

Béang 2.2 tém tit dic diém cia ba cach doc, va khi doc bang, can nhé rang cac dic diém
nay mang tinh tuong déi va thay doi nhanh theo ting thé hé thiét bi. Diéu it thay d6i hon la
kiéu 16i diic trung ctia mdi nén tang, vi né gin lién véi nguyén 1y do. Kiéu 16i d6 quyét dinh
phan mém phén tich phia sau phai dugc thiét ké ra sao, nén mot cong cu viét cho short read
thuong khong dung duge ngay cho long read va ngugc lai.

2.3 Bién thé DNA

Hai hé gen ngudi bat ky giong nhau khodng 99,9%. Phan khéc biét nhé dé quyét dinh rat
nhiéu diéu, tit mau téc dén nguy co mic bénh. So véi reference genome, mdi ngudi mang
khodng 4-5 triéu bién thé nhé, va khoang 20-30 nghin structural variant. Céc bién thé dugc
chia thanh ba nhém theo kich thuéc (Hinh 2.4). Céch phan nhém nay khong chi mang tinh
quy ude. Kich thuée ctia bién thé so véi chiéu dai read quyét dinh cong nghé nao nhin thay
dugc né, va vi vay ciing quyét dinh phuong phap tinh toin nao dude ding dé phat hién no.

« SNV (single nucleotide variant) 13 thay d6i mot base. Khi phd bién trong quan thé, chiing
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Array Short read Long read
Nguyén ly lai phan t v6i probe sequencing by doc phéan t don
synthesis (SMRT, nanopore)
Don vi du liéu cuong do6 tin hiéu tai read 50-300 base read hang chuc nghin
vi tri dinh san base trdg lén
Kiéu 16i chinh gan sai kiéu gen, thay thé base, tang indel, dac biét & doan
no-call dan cubi read 1ap mot base (da gidm
nhiéu)
Kham phé bién thé méi  khong co cb
Chi phi méi mau thap nhat trung binh cao nhat
Diém manh riéng ré, chuan hoa, phit hop  thong lugng cao, chinh  ving lip, structural
¢8 mau rat 16n xéac, hé sinh thai cong  variant, phasing,
cu phong phi isoform, methylation
truc tiép

Bang 2.2: So sanh ba nén tang coéng nghé. Cac dic diém mang tinh tuong dbi va thay déi nhanh
theo timg thé hé thiét bi.

thuong duge goi la SNP.

o Indel la thém hoic mat mot doan ngén, thudng dudi 50 base.

« Structural variant (SV) la thay d6i tit 50 base tré 1én, gom mét doan (deletion), chén
doan (insertion), ddo doan (inversion), lap doan (duplication) v chuyén doan (transloca-
tion). Du s lugng it hon nhiéu so v6i SNV, tong sb base bi 4nh hudng bsi SV trong mot
hé gen lai 16n hon.

ref: ACGTTAGCCT ref: ACGTTAGCCT
SNV - Indel _
mau: ACGTGAGCCT mau: ACGCT CCT
Reference D> |
MAit doan A» Bp» D»
Cheén doan A» B»r X» - D» | structural variant

(> 50 base, thudng

Pao doan m hang nghin base trd 1én)
Lgp doan D> |

Hinh 2.4: C4c nhém bién thé theo kich thudc. Phia trén 1a SNV va indel, nhin thay truc tiép ¢ mtec
trinh tu; phia du6i 1a structural variant, biéu dién bang cic khéi doan DNA; miii tén chi chiéu ciia
doan.

C4 ba cOt clia ma tran déu cé cong nghé dé do bién thé DNA, nhung mdi c6t nhin thay
mét phan khac nhau. SNP array do truc tiép hang trim nghin dén vai triéu SNP da chon
san. Nhitng bién thé con lai dude suy ra bang imputation, titc du dodn kiéu gen tai nhimg
bién thé khéng duge genotype truc tiép, trong dé, dwa vao mot bang tham chiéu (reference
panel) gdom cic hé gen da duge gidi trinh tu day di, ta du doan kiéu gen tai nhitng vi tri
khong cé trén array. Imputation lam duge diéu nay vi cdc bién thé ndim gan nhau trén nhiém
sac thé thuong duge di truyén cling nhau thanh ting khdi qua nhiéu thé hé. Biét allele tai
vai vi tri da do trong mét khdi, ta c6 thé do trong bang tham chiéu xem nhiing haplotype
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nao phit hgp, tic nhimg t6 hop allele ciing ndm trén mét nhiém sic thé, roi suy ra allele tai
céc vi tri 1an can. Can nhé rang két qua imputation 13 mot du dodn kém mitc do khong chic
chin, khong phai mét phép do, va d6 chinh xéc ctia né phu thudc vao viéc bang tham chiéu
c6 gan véi quan thé dang nghién cttu hay khong.

Short read c¢6 nhiéu dang tity muc dich, trong d6 giai trinh tu toan bo hé gen (WGS) &
coverage khoang 30 la chuan phé bién cho nghién citu ca thé. Giai trinh tu exome (WES)
chi doc khoang 1-2% hé gen 1a ving mé héa protein, nén ré hon nhiéu, phi hop cho chan
dodn bénh di truyén. Low-pass WGS doc toan bo hé gen nhung & coverage rat thap, khoang
0,5-4x, r6i dung imputation dé 1ap khoang tréng; day 1a mot lua chon canh tranh truc tiép
véi array.

Long read 13 cong cu manh nhat cho structural variant va céc ving lap. N6 con cho phép
phasing, vi ¢6 thé xéc dinh truc tiép hai bién thé nim trén cting moét nhiém sic thé (cing
tit cha hodc cliing tit me) hay nam trén hai nhiém sic thé khac nhau. Véi short read, théng
tin niy gan nhu mat hin, vi hai bién thé cdch nhau vai nghin base hiém khi ndm trén cling
mot read.

Hinh 2.5 gidi thich vi sao chiéu dai read quan trong dén vay. Hé gen ngudi chita rat nhicu
doan lip, bao gdm hang triéu ban sao clia transposable element Alu dai khoang 300 base,
céc transposable element L1 dai khodng 6 nghin base, cdc segmental duplication (vung lap
doan) dai tit vai nghin dén hang trim nghin base, va cdc ving tAm dong (centromere) dai
hang triéu base. Mot read ngin hon doan 1dp sé nim gon bén trong né, va ta khong thé biét
read d6 dén tit ban sao nio. Mot read dai hon doan lip sé vit qua cd hai ddu, bAm vao trinh
tu duy nhat & hai bén, va dinh vi dude chinh xéc.

Chiéu dai read
Mumina [ 150 base
PacBio HiFi [N 5 20 b
ONT ultra-long [N —> > 100k

Chidu dai cic doan lip
Alu khoang 300 base
L1 day da khoang 6 kb
Segmental duplication P 1 kb dén vai tram kb
Ving tdm dong hang tram kb dén vai Mb ([

10 bp 100 bp 1 kb 10 kb 100 kb 1 Mb 10 Mb

Hinh 2.5: Chiéu dai read so v6i chiéu dai céc loai doan lip trong hé gen ngudi (thang logarit, sb liéu
xap xi). Short read ngan hon gan nhu moi loai doan lip; long read vat qua duge phan 16n chiing.

2.4 Transcriptome

Néu hé gen 13 cudn sich, thi transcriptome cho biét trang nao dang dude doc, trong mo nao,
va nhiéu dén mitc nao. Po transcriptome gitp tra 1di cAu héi gen nao dang hoat dong, va
hoat dong d6 thay ddi ra sao gitta cac diéu kién. Khac véi trinh tu DNA gan nhu giéng nhau
& moi té bao clia mot co thé, transcriptome clia t& bao gan khdc hin transcriptome ciia té
bao than kinh, va c¢é thé thay doi nhanh khi té bao phan @ng véi méi truong. Vi vy, mot
phép do transcriptome luén gin v6i mot mé, mot thoi diém va mot didu kién cu thé. Vé mat
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k¥ thut, ba cot clia ma tran do tang nay theo nhitng cach khac nhau, va mdi céch lai dé 16
mot gidi han riéng.

Expression microarray, pho bién tit cudi nhitng nam 1990, do lugng RNA ciia cic gen da
biét bang probe, gibng nhu SNP array. N6 ré nhung chi do duge gen da cé probe, tin hié¢u dé
bao hoa khi gen biéu hién qua manh va 1an v6i nhiéu nén khi gen biéu hién qué yéu. Hé qui
13 microarray phit hop dé so sanh tuong ddi cic gen da biét gitta hai nhém mAu, nhung khé
do chinh x4c & hai dau ctia dai biéu hién (dynamic range). Day ciing chinh la gi6i han “chi
do dugc nhiing gi da thiét ké sdn” ciia array ma ta da gidp & hang bién thé DNA, nay xuét
hién lai & tang RNA.

RNA-seq, xuat hién khodng nam 2008, thay thé gan nhu hoan toan microarray. RNA
duge chuyén thanh ¢cDNA rdi giai trinh tu bang short read. S6 read roi vao méi gen phan
anh mic biéu hién ctia gen d6. So véi microarray, RNA-seq do dugc trén mot dai biéu hién
rong hon nhiéu va phat hién duge céc transcript chua ting biét. Nhd cdc junction read, tiic
read vit qua ranh gi6i giita hai exon (doan ciia gen dugc giit lai trong RNA sau khi intron bi
cat bd), n6 con cho thiy cich gen dugc cit nbi (splicing).

Céit nbi khéc nhau (alternative splicing) khién mot gen c6 thé tao ra nhidu isoform. Day
14 chd short read gip khé (Hinh 2.6), vi moi read chi thAy mét hodic hai exon, nén ta biét
duge timg mébi ndi riéng 1é, nhung khong biét chic cdc mbi ndi dé két hop v6i nhau ra sao
trén cung mot phan ti RNA. Long read, v4i cac cdng nghé nhu Iso-Seq cua PacBio hay
direct RNA sequencing (giai trinh tut RNA truec tiép) ctia ONT, doc tron mdt phan ti tit
dau dén cudi, nén cho thay truc tiép isoform day di. Direct RNA sequencing con phét hién
dugce cac bién doi héa hoc trén RNA, nhu m6A, titc adenosine duge methyl héa tai vi tri N6.

Gen [HETNN—ZN
— — — thiy titng mdi nbi:
] | I ¢
Short read — — E1-E2, E1-E3,
u— — E3-E4, E3-E5
I thay tron isoform:
Long read E1-E2-E3-E5
L N 30

Hinh 2.6: Short read cho biét ting méi noi riéng 18, nhung cdc mdi ndi nay phtt hop véi it nhat bon
t6 hop isoform khéc nhau. Long read doc tron phan ti nén xéc dinh dude truc tiép hai isoform that
su ¢6 mat.

Ngoai miic biéu hién va isoform, RNA-seq con cho thiy nhi¢u dang bién déi khac & mic
RNA, va § day ta chi diém qua vai dang chinh. Circular RNA (circRNA, RNA vong) la
nhitng phan tit RNA cé hai dau ndi lai v6i nhau thanh vong khép kin, dudc nhan biét qua
céc read vit qua mot back-splice junction, tttc mbi ndi ma dau sau ciia modt exon ndi nguge
ve dau trude clia mot exon nam phia truée né. Fusion transcript (transcript dung hgp)
la RNA duge ghép tir hai gen khac nhau, thuong 1a hé qua ctia mot structural variant nhu
chuyén doan hay méit doan trén DNA, va hay gip trong ung thu. RNA editing 14 hién
tugng mot base trén RNA bi bién d6i sau phién ma, vi du nhu adenosine bi chuyén thanh
inosine, khién trinh tu RNA khéc v6i trinh tu DNA tai vi tri d6. Piém chung ctia cic dang
nay 1a ching dugc phat hién tiu nhitng read cé ciu tric hodc trinh tu khic thudng so véi
reference, trong khi 16i trong qué trinh tao thu vién hay 16i alignment & cdc vung trinh tu
tuong dong ciing c6 thé tao ra nhitng read nhin giéng hét nhu vay. Vi vdy, danh sich tng
vién luén 1an nhiéu két qua duong tinh gid (false positive), va can duge loc bing cdc phuong
phap thong ké sé dude dé cap & phan sau ctia sach.
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2.5 DNA methylation

DNA methylation 14 mot ddu 4n héa hoc gén 1én base, khong lam thay déi trinh tu nhung
anh hudng dén viéc gen c6 duge biéu hién hay khong. 0 dong vat c6 vii, dang pho bién nhat
13 5-methylcytosine (5mC, cytosine mang nhém methyl & carbon s6 5) tai cdc vi tri CpG,
ttc mot C ding ngay trudc mdt G. Hé gen ngudi ¢6 khoang 28 triéu vi tri CpG. Nhin chung,
CpG & viung promoter, titc doan DNA & dau gen noi bé may phién méa gin vao dé bat dau
phién maé, clia gen dang hoat dong thudng khong bi methyl héa, con phan 16n CpG & cac
vung khac thi c6.

Van dé 1 cdc mdy gidi trinh tu thong thuong khong phan biét dude C c6 methyl va C
khong c¢6 methyl. Giai phap kinh dién la xi& 1y bisulfite (bisulfite conversion) (Hinh 2.7),
trong dé hoéa chat bisulfite bién C khéng methyl héa thanh U, va sau khi khuéch dai, U dugc
doc thanh T. C da methyl héa thi dugc bdo vé va van 14 C. So sdnh read vdi reference genome,
vi trf ndo van 14 C thi da duge methyl héa, vi trf ndo thanh T thi khong.

[ ] (] ® CpG c¢6 methyl
| ? ‘ O CpG khong methyl

Trinh ty gbc A C T C A C ¢ T A

Sau bisulfite A C T A C T A (Jfkh(i)\ng lj],eth‘y]
da thanh T

Hinh 2.7: Nguyén ly bisulfite. C dudc methyl héa (chAm den) giit nguyén; moi C khong methyl hoa,
ké c& C khéng nam trong CpG, déu bi chuyén thanh T.

Ba cot clia ma trén tiép caAn methylation theo ba cdch. Methylation array, nhu Illumina
EPIC, do khoang 850 nghin vi trf CpG chon san, titc chi khoang 3% tong s6 CpG, nhung
rat ré va dudc dung rong rai trong cdc nghién citu dich té quy mo 16n. Véi short read,
WGBS (whole-genome bisulfite sequencing, gidi trinh tu bisulfite toan bo hé gen) do gan
nhu toan bo CpG nhung tén kém, va bisulfite lam DNA bi ditt giy dang ké; RRBS (reduced
representation bisulfite sequencing) chi tap trung vao cic ving giau CpG dé gidm chi phi;
EM-seq (enzymatic methyl-seq) thay bisulfite bang enzyme dé it lam huw DNA hon. Long
read thi nhu da néi § trén, doc methylation truc tiép trén phéan tit gc, khong can chuyén
ddi héa hoc, va con cho biét methylation trén timg haplotype.

2.6 Chromatin va cau tric ba chiéu cuia hé gen

DNA trong nhan khong ndm tran trui ma quin quanh cic protein histone, tao thanh
chromatin. O nhitng viing chromatin déng chit, bo mdy phién ma khé tiép cin DNA. 0
nhitng viing chromatin ma, cdc yéu t6 phién ma c6 thé gin vao promoter va enhancer, tic
nhitng vimg diéu hoa cé thé nam xa gen nhung lam ting mitc phién mé ctia gen d6, dé diéu
hoa gen. Po trang thai chromatin vi vy 1a cach truc tiép dé tim cic viing diéu hoa trong hé
gen.

ChIP (chromatin immunoprecipitation, két tiia mién dich chromatin) dung khang thé dé
kéo xubng mot protein cu thé ciing véi doan DNA ma né dang gin vao, vi du nhu mot yéu td
phién méa hay mot dang histone bién d6i. Poan DNA thu duge ban dau duge do bang array
(ChIP-chip), r6i chuyén sang short read (ChIP-seq, tit khodng 2007). ATAC-seq (2013) di
theo huéng khéc, dya trén enzyme transposase Tnb, loai enzyme chi chén dugc vao nhimng
ving chromatin md, déng thoi gin luén adapter gidi trinh tu. S6 read tap trung & dau thi
ving d6 dang mé. ATAC-seq nhanh, can it mau, va tré thanh phuong phap phé bién nhat dé
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lap ban do6 viung diéu hoa. CUT&Tag la mdt phién ban cai tién ctia ChIP, can it té bao hon
va cho tin hiéu sach hon. 0 cot long read, Fiber-seq déanh dau cidc ving DNA dé tiép can
bing moét enzyme methyl héa, roi doc bang long read, cho thiy trang thai chromatin trén
ting phan t& thay vi trung binh ctia hang triéu té bao.

Hinh 2.8 minh hoa céch cic tang dit liéu nay nhin ra sao khi dit canh nhau trén ciing
mot ving hé gen, theo kiéu hién thi cia cdc genome browser, titc phan mém hién thi nhiéu
loai dit liéu doc theo toa d6 hé gen. Mdi track, titic mot hang hién thi mot loai dit liéu, dugc
vé theo cling mot truc toa do hé gen, nén ngudi doc c6 thé déng thing tir trén xudng dé so
sénh céc tang tai cing mot vi tri. M&i tang dit liéu riéng 1é chi cung cAp mét phan bang
chiing, vi mét dinh ATAC-seq cho biét chromatin mé nhung chua cho biét ving dé lam gi.
Khi nhiéu tang cting chi vé mot viing, nhu chromatin md, histone marker hoat dong va CpG
khong bi methyl héa, ta cé co s6 vitng hon nhiéu dé xem dé 14 mot ving diéu hoa that su.

promoter

enhancer
Gen ; L L -

i
mE E = § B

ATAC-seq
ChIP-seq -
(H3K2T7ac)
. o o o o [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Methylation  * ? 77?1 9777 % f ' ] IR,

Hinh 2.8: Céc tang dit liéu trén cing mot ving hé gen (minh hoa). Tai promoter va enhancer (vimg to
nhat), chromatin ¢ trang thdi mé (ATAC-seq), mang histone marker ctia viing hoat déng (H3K27ac),
va CpG khong bi methyl héa (chdm tring). Gen phia sau dugc phién ma (RNA-seq).

Hang cudi cling ctia ma tran do ciu tric 3D ciia hé gen. M6t enhancer ¢é thé nam céch
gen ma né diéu hoa hang tram nghin base, nhung trong khong gian ba chiéu, hai ving nay
lai ndm sit nhau. Hi-C (2009) ndi cic doan DNA ndm gan nhau trong khong gian rdi giai
trinh tu cdc cip ndi, tao ra Mot ma tran tan suat tiép xic (contact matrir) gitta moi cip
ving trong hé gen. Ngoai ting dung sinh hoc, dit liéu Hi-C con 13 cong cu quan trong dé sip
xép cac contig, tic cidc doan trinh tu lién tuc thu duge tit assembly, thanh nhiém sic thé
hoan chinh khi xdy dung reference genome. Pore-C két hdp ¥ tudng nay véi nanopore, cho
phép thay nhiéu ving cling tiép xic v6i nhau trén mot phan ti, thay vi chi ting cap.

2.7 So sanh long read va short read

Doc lai ma trén theo chiéu ngang, ta thidy mét mau hinh Lip lai, trong d6 cot long read
thuong gidi quyét ding nhitng ché ma cdt short read gip khé. Bang 2.3 tong hgp cdc diém
nay, va néu nhin ky, hau hét cidc dong trong bang déu quy vé ciing mot nguyén nhan. Short
read cit phan ti thanh nhitng manh nhé, nén moi théng tin doi héi biét nhitng gi nam canh
nhau trén moét khoang dai, tit vi trf cia mot doan 18p dén t6 hop exon ctia mot isoform, déu
bi mat hoiic chi suy ra dugc gidn tiép. Long read giit lai thong tin dé vi méi read tuong ting
v6i mot doan dai ctia chinh phan ti ban dau.

Tuy vdy, short read van chua bi thay thé, vi long read van dit hon cho mdi mau, doi héi
DNA c6 chat lugng cao va phan tit dai, va thong lugng thap hon. Véi mot nghién citu can
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Van dé Vi sao short read gap khé Long read giai quyét ra sao

Viung lap read nim gon trong doan lip, khéng read vit qua doan 18p, bam vao trinh
biét dén tit ban sao nao tu duy nhat hai bén

Structural SV thuong dai hon read, chi suy ra mot read chita tron SV ciing hai diém

variant gidn tiép tir tin hiéu bat thuong dutt gay

Assembly do thi 18p rap dit gay tai moi doan lip  contig dai hang triéu base, dan dén
dai T2T

Phasing hai bién thé xa nhau hiém khi cling nhiéu bién thé trén cting mot read, nbi
nam trén mot read dugce thanh haplotype dai

Isoform chi thay ting mdi ndi riéng 1& doc tron phan tit RNA

Methylation can xt 1y bisulfite, lam hu DNA doc truc tiép trén phan ti gbc

Bang 2.3: Nhitng van dé ciia short read ma long read giai quyét dugc.

hang nghin mau, short read hay tham chi array van 1a lua chon hop 1y hon. Trén thuc té,
nhiéu nghién ctru hién nay két hop c& hai, dung long read trén mot sb it mau dé xay dung
pangenome va danh muc structural variant chat lugng cao, roi dung thong tin dé dé phan
tich dit lieu short read hodc array ctia hang nghin mau khéc.

2.8 D6 phan giai va do ddng thdi nhiéu tang

Nhu da néi § dau chuong, ma tran hai truc & trén chua thé hién do phan giai ctia phép do.
Hau hét cac phuong phip & trén duge goi 1a bulk, vi ching do trén mét mau méd gom hang
triéu té bao tron 1an, va két qua 1a gid tri trung binh. Cé thé so sanh dit liéu bulk véi mot
ly sinh t6 trai cay, trong d6 ta biét c6 nhitng thanh phan nao nhung khong biét tiing miéng
trai cAy ban dau ra sao (Hinh 2.9).

Single-cell do riéng ting té bao, gibng nhu mét dia trai ciy cit sin, trong d6 ta thiy dugc
timg loai va dém dugc mdi loai c6 bao nhiéu. Phé bién nhét 14 single-cell RNA-seq, nhung
cac tang khac nhu chromatin (scATAC-seq) cling da do dude & mitc don bao. Céc cong nghé
spatial di thém mot budc, gitt nguyén vi tri clia té bao trong mo, giéng nhu mot chiée banh
tart trai cy, khi ta khong chi biét ¢6 nhitng loai ndo ma con biét ching duge sdp xép ra sao.

M&i mttc dd phan giai lai c6 nhiéu néc. 0 gitta bulk va single-cell, cac té bao ¢ thé duge
tach theo loai bang khang thé danh d4u roi do chung timg nhém, cho dit liéu bulk ctia mot
quan thé té bao tuong ddi ddng nhat. O mitc single-cell, nhiéu nghién cttu do nhan té bao
(single-nucleus) thay vi cd té bao, vi nhan dé tach hon tit moé dong lanh hay tit nhitng mo
khé téch thanh té bao réi nhu mo nao, va vi cidc phép do chromatin von chi can dén nhan.
Céc cong nghé spatial ciing khdc nhau nhiéu vé do phan gidi. Trén nén tdng Visium ctia 10x
Genomics, mdi diém do cé dudng kinh 55 pm va thuong chita nhiéu té bao, trong khi phién
ban Visium HD dung mét 1udi cdc 6 vuoéng canh 2 pm, nhé hon kich thudc clia mot té bao.?
Vi vdy, do phan gidi khong phai ba nac rdi rac ma la mét day lién tuc, va moi nac 14 mot su
danh déi gitta mttc chi tiét ctia phép do, chi phi va lugng tin hiéu thu duge trén médi don vi
do.

Dbiéu quan trong can nhan ra la single-cell va spatial khong phai mot “loai dit liéu” méi,
ma la cich do lai cdc hang quen thudc ctia ma trdn ¢ d6 phan giai cao hon. Céi gia phéi tré
1a dit liéu ctia moi té bao rat thua (sparse), vi nhiéu gen dang biéu hién nhung khéng duge

210x Genomics. Space Ranger glossary. https:
//www.10xgenomics.com/support/software/space-ranger/latest /getting-started /space-ranger-glossary
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Bulk Single-cell Spatial
trung binh ctua ting té bao, phan tung vi tri, git
hang triéu té bao thanh nhém nguyén ciu tric mo

Hinh 2.9: Ba mtc d6 phéan gidi. Cuing mét mo, du liéu bulk cho gid tri trung binh, single-cell tach
riéng ting loai té bao, con spatial cho biét thém vi tri ctia chiing trong mé.

ghi nhan, don gidn vi lugng RNA trong mot té bao qua nhd. Mot 1an nita, gidi han ciia phép
do lai dit ra yéu cau mdi cho phan tich.

Xu huéng thit hai 14 do dong thdi nhiéu tang phan ti trén cliing mot té bao, thudng dugc
goi 1a multiome hay single-cell multi-omics. Vi du phé bién nhét 1a do cliing lic RNA va d6
md chromatin trong timg nhan té bao, nhu phuong phiap SHARE-seq,? va sau dé 13 cac bo
kit thuwong mai do ATAC-seq vd RNA-seq trén cing mot nhan. Cdc phuong phap ba tang
(trimodal) nhu TEA-seq va DOGMA-seq con do thém lugng protein trén bé mat té bao bang
nhitng khang thé dugc gén barcode, titc 1a di qua ca ba tang clia central dogma, tit chromatin
dén RNA va protein, trong cting mot té bao.*

Ly do phéi do ciing lic nam & chd dit liéu tit nhitmg té bao khic nhau khong thé ghép néi
truc tiép v6i nhau. Néu RNA duge do trén mot nhém té bao va chromatin trén mot nhém
khéc, ta chi ¢6 thé ghép hai bo dit liéu bang thuit toan, dua trén gid dinh ring cling mot
loai té bao thi c6 trang thai tuong tng & cd hai tang. Gia dinh nay thudng hgp 1y & miic loai
té bao, nhung khong cho biét trong ting té bao cu thé, mot ving chromatin mé cé that su
di kem véi viéc gen 1an can duge biéu hién hay khong. Khi hai tang duge do trén cting mét
té bao, mbi lién hé d6 duge quan sat trie tiép. Nho vay, ta c6 thé dung RNA, von dé dién
gidi hon, dé xac dinh loai té bao, roi gan loai té bao d6 cho dit liéu chromatin vén thua hon
va khé phan loai hon. Ta ciing c¢é thé ndi timg ving diéu hoa véi gen ma né diéu khién, hay
quan sat th tu cdc su kién trong qué trinh biét héa. Vi du nhu v6i SHARE-seq, cic tac gia
nhan thiy & nhiéu gen quan trong cho su biét héa, chromatin maé ra trudc khi gen duge biéu
hién, goi ¥ rang chromatin “chuan bi” cho té bao trudc khi né that su chuyén sang trang thai
mdi.

O mitc md, cing mdt logic dan dén viéc két hop dit liéu spatial v6i hinh 4nh moé hoc.
Trong spatial transcriptomics, 14t cit mé thuong duge nhuém H&E (hematozylin and eosin),
tttc cdch nhuém mé chudn ma céc béc si giai phau bénh dung hing ngiy dé quan sat hinh
thai té bao va ciu tric md, va dude chup anh truée khi RNA tit chinh 14t cit dé duge bt
lén cic diém mang barcode vi trf.> Vi hinh anh va dit lieu RNA dén tit cling mét 14t cat,
mdi diém do cé thé duge dat ding vao viing mé tuong tng trén anh, vi du nhu ving khéi u,
ving mo dém hay ving cé té bao mién dich tham nhiém. Hinh thai moé cho biét mot ving
nhin ra sao dudi kinh hién vi, con dit lidu RNA cho biét céc té bao ¢ d6 dang lam gi, va chi

3Ma S. v& cong su (2020). Chromatin potential identified by shared single-cell profiling of RNA and
chromatin. Cell 183:1103-1116. https://doi.org/10.1016/j.cell.2020.09.056

*Swanson E. va cong su (2021). Simultaneous trimodal single-cell measurement of transcripts, epitopes, and
chromatin accessibility using TEA-seq. eLife 10:¢63632, https://doi.org/10.7554/eLife.63632; Mimitou E.P.
va cong su (2021). Scalable, multimodal profiling of chromatin accessibility, gene expression and protein
levels in single cells. Nature Biotechnology 39:1246-1258. https://doi.org/10.1038/s41587-021-00927-2

5Stahl P.L. va cong su (2016). Visualization and analysis of gene expression in tissue sections by spatial
transcriptomics. Science 353:78-82. https://doi.org/10.1126/science.aaf2403
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khi c6 cé hai, ta méi ndi dugc nhitng gi nha giai phau bénh quan sat véi co ché phan tit phia
sau. Gan day, cadc phuong phap spatial con do duge dong thoi do mdé chromatin hay histone
marker ciing v6i RNA trén cting mét lat cit, & d6 phan giai gan mic té bao.5

Céi gia ciia cac phép do két hop nay 1a dit lieu phtic tap hon nhiéu. Mdi tang c6 kiéu
nhiéu va do thua riéng, sé dic trung do dude trén mdi té bao tang lén nhiéu lan, va viéc phan
tich doi hoéi nhitng phuong phap cé thé xi 1y nhiéu tang cling lic thay vi timg tang riéng 18.
Day 1a mot trong nhitng huéng phat trién nhanh nhat ciia hé gen hoc tinh toan hién nay, va
sé dugc dé cap & phan sau ctia sach.

2.9 Lua chon cong nghé theo cau hoi nghién ctu

V&i mot ngan sach c¢d dinh, ngudi thiét ké nghién ctu ludn phai danh ddi gitta ba yéu t6 1a
s6 mau, lugng thong tin trén moéi mau, va do chinh x4dc. Khéng c¢é lia chon nao tot nhat cho
moi trudng hop; chi ¢é Iua chon phu hop nhat véi cau héi. Khi cau hoi lién quan dén nhitng
hiéu tmg nhoé phan bd trong quan thé, sé6 mau thudng quan trong hon moi thit khic, vi chi
c6 ¢d mau 16n mdi tach duge tin hiéu yéu khéi dao dong ngau nhién. Ngudc lai, khi can biét
day di cau tric hé gen ciia ting cé thé, lugng thong tin trén mdi mau lai duge wu tién, du
phéi chdp nhan it mau hon. Bang 2.4 dua ra mot vai vi du cho thay ciing mét logic danh déi
nay dan dén nhitng thiét ké rat khic nhau.

Cau héi

Thiét ké thudng
dung

Ly do

GWAS cho mét tinh
trang phitc tap

Chon giéng vat nuoi
(genomic selection)

Danh muc structural

variant, pangenome

eQTL, viing diéu hoa

Tim nguyén nhéan
bénh di truyén hiem
Tim céc loai te bao
trong mot mo, ké ca
loai hiem

Co ché diéu hoa trong

ting loai té bao

SNP array va
imputation trén
hang tram nghin
nguoi

SNP array mat do
trung binh

long read trén vai
chuc dén vai trim
méau da dang
kiéu gen két hop
RNA-seq,
ATAC-seq trén
cling cé thé

WES hodac WGS

single-cell RNA-seq
trén hang nghin
dén hang tram
nghin té bao
multiome (RNA va
ATAC trén cung
mot té bao)

hiéu tng clia ting bién thé rat nhd, can ¢d mau cuc
16n; chi phi m6i mau phai thap

can kiéu gen ctia rat nhiéu ca thé moi thé hé, véi chi
phi thap

can do day du tbi da cho ting mau; sé6 mau it hon 1a
chap nhan duge

can nhiéu tang dit liéu trén cling mdt ngudi hodc con
vat

bién thé gay bénh thuong hiém, khong c¢é san trén
array

bulk RNA-seq chi cho trung binh ctia moi té bao,
nén céc loai té bao hiém bi che khuat

noi vung chromatin mé véi gen ma né dieu hoa ngay
trong cung mot te bao

Bang 2.4: Mot vai cAdu héi nghién ctu va thiét ké dit liéu tuong tng.

6Zhang D. va cong su (2023). Spatial epigenome-transcriptome co-profiling of mammalian tissues. Nature
616:113-122. https://doi.org/10.1038/s41586-023-05795-1
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Nghién ctru thyc té. Dy dn 1000 hé gen nguoi Viét (VN1K)

Dut 4n 1000 hé gen ngusi Viét (VN1K) 1a mot vi du cho thay bai todn ddnh ddi & trén c6
thé dugc giai bang cach phdi hgp ca ba cot clia ma tran cong nghé thay vi chon mot (so
dd bén dudi).® Long read (PacBio va ONT) chi duge diing cho mét vai mau, da dé 1ip
rap cac hé gen chat luong cao va xdy dung mot pangenome graph, titc reference dang
dd thi chita san cac bién thé cia quan thé, cho ngudi Viét. Pangenome nay sau dé duge
dung lam reference dé phan tich dit liéu short-read WGS & d6 sau cao ctia khoang mot
nghin ngudi, gitp phét hién structural variant day da hon déang ké so v6i khi chi diing
GRCh38, va tao ra mot danh muc bién thé cliing mot reference panel cho imputation
phit hgp véi ngusi Viét. Dit lisu SNP tit short read lai 1a nguyén liéu dé thiét ké mot
SNP array riéng cho ngudi Viét, vi phan 16n array thuong mai duge thiét ké dua trén
di liéu ngudi gée chadu Au nén hiéu qui imputation c¢é thé gidm khi ding cho quan thé
chau A nhu Viét Nam.? Vi s6 vi tri trén chip ¢6 han, bai todn 14 chon nhiing tag SNP,
ttic nhitmg SNP ma kiéu gen ciia ching dit dé suy ra kiéu gen ctia nhieu SNP lan cén,
sao cho do chinh xédc clia imputation trén toan hé gen 1a cao nhat, va day chinh 1a bai
toan t6i wu ma thuit toin LmTag dugc phat trién dé giai.c

mot vai mau khoang 1.000 ngusi s6 dong ngudi tham gia

p .. I
l reference l LmTag l

pangenome graph danh muc bién thé kiéu gen sau imputation
cho ngusi Viét va reference panel cho biobank
J A

reference panel cho imputation

>
>

chi phi méi mau cao, théng tin mdi mau day du chi phi méi mau thap, sé6 mau 16n

Tam nhin phia sau cach lam nay 13 xay dung ha tang cho mot biobank, titc kho Iuwu trit
mau sinh hoc kém dit liéu di truyén va dit liu stic khoe ctia mot s6 lugng rat 16n ngusi
tham gia. Khong cong nghé nao vita day du vira ré, vi vy moi cong nghé dude dat vao
ding chd ctia né. Long read day di nhat nhung dit nhat, nén chi ding cho vai mau dé
dung reference. Short read can bang gitta d6 day du va chi phi, nén dung cho khoang
mdt nghin ngudi dé mo ta bién thé ctia quan thé. Array ré nhat, nén dung cho sb déng,
con phan thong tin array khong do dude thi lay lai bang imputation tit reference panel.
Muc tiéu cudi cung 1a dit liéu nghién ctu t6t nhat v6i chi phi thap nhat cé thé, va bai
hoc chung cho ngudi lam hé gen hoc 14 thiét ké mot du 4n 16n, xét cho ciing, 14 bai todn
phan bd ngan sach gitta cdc cong nghé dua trén diém manh va diém yéu ciia ting loai.

“Tran T.T.H. va cong su (2026). VN1K is a pangenome-informed multi-omics and phenomics resource
for the Vietnamese population. Nature Communications 17.
https://doi.org/10.1038 /s41467-026-75375-0
®Nguyen D.T. vi cong sut (2022). A comprehensive evaluation of polygenic score and genotype
imputation performances of human SNP arrays in diverse populations. Scientific Reports 12:17556.
https://doi.org/10.1038 /s41598-022-22215-y
°Nguyen D.T., Nguyen Q.H., Duong N.T., Vo N.S. (2022). LmTag: functional-enrichment and
imputation-aware tag SNP selection for population-specific genotyping arrays. Briefings in
Bioinformatics 23:bbac252. https://doi.org/10.1093/bib/bbac252
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2.10 D1t liéu hé gen cong cong

Dé bit dau nghién citu, ngudi hoc khéng nhat thiét phai c6 may giai trinh tu hay kinh phi
16n. Mot luong khong 16 dit liéu hé gen da dude cong bd va cb thé tai vé mién phi, hoic ding
ky st dung. Cdc ngudn nay trai rong trén nhiéu hang ctia ma tran, tit bién thé DNA dén
biéu hién gen va chromatin, va nhiéu ngudén do nhiéu tang trén cting mot nhom ca thé. Véi
sinh vién, day 1a cach thuc té nhat dé lam quen vé6i dit liéu that trude khi tu thiét ké mot thi
nghiém, va Bang 2.5 liét ké mot vai nguon tiéu biéu.

Ngudn dit liéu N6i dung chinh

Ensembl reference genome, annotation gen (GTF, GFF3), trinh tu ¢cDNA va protein,
dit liéu bién thé cho hang nghin loai; phat hanh theo ting release

1000 Genomes hé gen ctia hon 2.500 ngudi thudce 26 quan thé, trong d6 c6 ngusi Kinh ¢ TP.

Project Ho Chi Minh; bang tham chiéu kinh dién cho imputation

gnomAD tan s6 bién thé trong exome v hé gen ctia hang tram nghin ngudi

UK Biobank kiéu gen, WGS va dit liéu kiéu hinh ciia khoang 500 nghin ngudi (can dang
ky)

GTEx RNA-seq ctia hang chuc loai m6 tit gan mot nghin nguoi hién ting, kem kiéu
gen; nguodn dit litu eQTL quan trong

ENCODE dt liéu chromatin, ChIP-seq, ATAC-seq, RNA-seq cho ngusi va chudt

Human Pangenome hé gen long read chat ludng cao ctia nhiéu ngudi, dung xay dung pangenome

Reference

Consortium

FAANG dt liéu chu giai chitc nang hé gen cho vat nudi va ca

SRA, ENA kho luu trit dit liéu gidi trinh tu thd ti hau hét cac bai bdo da cong bd

Bang 2.5: Mot vai nguon dit liéu hé gen cong cong tiéu biéu.

Bén canh dit litu ctia ting du én, c6 mot loai nguon ma gan nhu du 4n nao ciing can
dén, d6 1a reference genome va annotation di kém. Trong sb cdc nguon nay, Ensembl 13
mot trong nhitng nguoén duge dung nhiéu nhat.” Ensembl tich hop dit liéu hé gen clia hang
nghin loai sinh vat nhan thuec, tit ngudi, chuoét dén vat nudi, ca va cdy trong, va véi moi loai,
cung cap gan nhu di nhitng file ma mot pipeline phan tich can, gom trinh tu hé gen dang
FASTA, trinh tu cDNA, ncRNA va protein, file annotation GTF hoidc GFF3 cho biét mdi
gen, transcript va exon nam & dau, ciing véi dit liéu bién thé va annotation ving diéu hoa
cho mot s6 loai. Pay chinh 1a nhitng thanh phan ctia reference theo nghia réng da néi & phan
trude clia sach. Mudn alignment read RNA-seq 1én hé gen, ta can FASTA ctia hé gen cling file
GTF, con muén dinh lugng biéu hién triuc tiép trén ting transcript, ta can trinh tu cDNA.
Ngoai trang web dé tra ctru ting gen, Ensembl con cé BioMart dé loc va tai dit liéu theo nhu
cau, va Variant Effect Predictor (VEP) dé du dodn tdc dong ciia ting bién thé lén gen va
protein. D1t liéu Ensembl dugc phat hanh theo ting phién ban danh s6 (release), va mot thoi
quen t6t 14 ludn ghi lai release da dung, dong thoi 1y FASTA va GTF tit cliing mot release
v cling mot ban 1ap rap hé gen (genome assembly).

RAt nhicu bai bdo c6 gia tri duge xay dung hoan toan tit dit litu cong cong. Ky ning tim,
danh gi4 va két hop cac bo dit liéu cé san 14 mot trong nhitng ky ning quan trong nhat clia
ngudi lam hé gen hoc tinh toan. K§ nang nay doi héi chinh nhitng hiéu biét da trinh bay

"Dyer S.C. va cong sut (2025). Ensembl 2025. Nucleic Acids Research 53:D948-D957.
https://doi.org/10.1093 /nar/gkael071
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trong chuong. Truée khi dung mot bo dit liéu, ngusi phéan tich can biét né duge tao ra bing
cong nghé nao, do tang phan tit ndo, & do phan gidi ndo, va vi vAy mang nhitng giéi han gi.
Hai b6 dit liéu do ciing mot tang nhung bang hai nén tdng khic nhau, hay dugc tao ra & hai
phong thi nghiém khac nhau, thudng khéng thé gop lai mot cach don gidn ma can dude xit
Iy dé c6 thé so sanh v4i nhau.

2.11 Giébi han cta dw liéu va cac bai toan tinh toan

Dén day, ching ta da di hét ma trdn cong nghé, va da dén lic doc né theo chiéu nguge lai.
Thay vi héi mdi cong nghé lam dude gi, phan nay hdi méi cong nghé khong lam dude gi. Cau
hoéi nghe cé vé bi quan, nhung v6i ngudi lam tinh todn, dé lai 1a cAdu héi quan trong nhat.
Nhiing gi cong nghé do t6t thi chi can xit 1y theo quy trinh chuan, va phan 16n quy trinh d6
da dudc ngudi di trude viét san thanh cong cu. Con nhitng gi cong nghé do khong tdi, hoic
do khong chiic, thi phai duge suy luin, udc lugng hodc moé hinh héa, va d6 chinh 14 phan
viéc chinh ctia hé gen hoc tinh todn. N6i cich khac, gi6i han ciia dit liéu thuong quyét dinh
cong viée clia ngudi phan tich nhiéu hon 13 diém manh clia né. Bang 2.6 tong hop cac gidi

han chinh da gip trong chuong, cling véi bai todn tinh todn ma mdi gisi han sinh ra.

Gidi han cua d@
ligu

Bai toan tinh toan sinh ra

Vi du phuong
phap

Array chi do vi tri
dinh san

Low-pass WGS ¢6
coverage thap

Short read khé thay
structural variant
Read ngan hon doan
lap; hé gen nhan doéi
Moi phép do déu cé
16i va nhiéu

Kiém dinh hang triéu
gia thuyét cling lic

S6 mau nhé

Nhiéu ky thuat gitta
cac dgt thi nghiém
Dit liéu single-cell rat
thua

Khéng thé kiém chting
thuc nghiém ting bién
thé

suy ra kiéu gen tai vi tri khong do (imputation);
chon vi trf t6i wu dé do

imputation tit dit liéu thua va khong chic chin
suy ra SV gidn tiép; imputation SV; uéc tinh SV
dong gép bao nhiéu vao tinh trang

read map vao nhiéu vi tri; alignment mo ho

dinh lugng bat dinh; phan biét tin hiéu that véi
gid; kiém soat false positive

kidm sodt FDR

ting power bang cach tin dung thém théng tin

tach nhiéu ky thuat khéi tin hiéu sinh hoc
md hinh héa dit liéu dém thua va nhiéu nhidu

du doédn tac dong ciia bién thé tit trinh tu

Beagle, Minimac
GLIMPSE, QUILT

imputation dya trén
reference panel c6 SV
mapping quality, mo6
hinh multi-mapping
Phred score,

genotype likelihood,
FDR

Bonferroni,
Benjamini-Hochberg

RASQUAL

hiéu chinh batch
effect

md hinh théng ké
cho dit liéu dém

mo hinh
sequence-to-function
(vi du nhu Enformer)

Bang 2.6: Gidi han ctia dit liéu va bai todn tinh toan tuong @ng. Cot cudi chi néu mot vai vi du tiéu
biéu, khéng phai danh sach day du.

Nhin vao bang nay, c6 thé thidy phan 16n cic phuong phép trong hé gen hoc tinh toin

khong ra doi mot cich tiy ¥, ma mdi phuong phép 1a cau tré 15i cho mét giéi han cu thé cta
dit liéu. Lay dong dau tién lam vi du. Array chi do dudc vai tram nghin vi tri, trong khi mot
nghién citu GWAS muén biét ki¢u gen & hang triéu vi tri. Khoang trong dé sinh ra ca mot
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huéng nghién ctu vé imputation, va khi imputation da du t6t, cAu héi lai 14t nguge thanh
nén dat nhitng vi trf ndo 1én array dé imputation chinh xdc nhat, nhu ta da thiy & vi du vé
VNI1K. Mot gigi han ctia cong nghé, nhin tit phia ngusi lam tinh todn, vi vy thuong la diém
khéi dau ctia cd mot chudi bai todn ndi tiép nhau. Khi gip mot cong cu mdéi, cAu hdi dau
tién nén dit ra 1a “né sinh ra dé gidi quyét gidi han nao?”. Tra 16i duge cau héi d6, ngudsi
doc sé hiéu cong cu nhanh hon, biét khi ndo né phit hop, khi nao khéng, va quan trong hon
cé, biét né c6 thé sai ¢ dau.

Béang nay ciing thay d6i theo thoi gian. Khi long read ngay cang ré, nhitng dong nhu
“short read khoé thay structural variant” sé dan b6t quan trong, giéng nhu cich short read
da lam cho nhiéu bai todn ctia thsi ky microarray trd nén it quan trong. Tuy vy, mdi cong
nghé mdéi lai mang theo nhimg giéi han mdéi. Dt liéu single-cell va spatial cho ta dd phén giai
ma mudi ndm truée khé hinh dung, nhung déi lai 13 dit liéu thua hon, nhidu hon va dit hon
trén mdi mau, va chinh nhitng dic diém dé lai sinh ra mot thé hé phuong phap tinh toin
mdi. Vi vdy, thit ddng hoc nhat khong phai 1a danh sach cong cu hién tai, von sé thay doi sau
vai nim, ma 1 théi quen luon héi dit liéu trong tay minh khong nhin thay gi, va c6 thé sai &
dau. Trong thuc té, c6 nhitng gidi han khong dén tit cong nghé ma dén tir diéu kién nghién
cttu, va ¢ mau nhé 1a vi du phd bién nhat.

Nghién cttu thyuc té. eQTL khi cé mau nhé

Dong “s6 mau nho” trong Bang 2.6 14 mot thiue té ma rat nhiéu nghién citu phai doéi
mat, nhat 1a khi cAu hoéi doi héi két hop nhiéu hang clia ma tran trén cting mot nhém cé
thé. Mot eQTL 1a mot bién thé DNA c¢é lién quan dén miic biéu hién ctia mot gen. Tim
eQTL doi héi do ca hang thit nhat (kiéu gen) 1dn hang thit hai (RNA-seq) trén cling mot
nhém ca thé. Dat thém dit lisu ATAC-seq vao, ta c6 thé xem bién thé d6 c6 nam trong
mot ving chromatin mé hay khong, va tit d6 dat gia thuyét ve co ché. 0 vat nudi nhu ca
hoi Dai Tay Duong, khé khian 16n 14 s6 mau c6 du cac tang dit liéu thudng kha nho, lam
gidm power théng ké, titc kha niang phat hién mot hiéu tng cé that. Cac phuong phap
nhu RASQUAL, duge déng géi thanh pipeline nf-RASQUAL cho dit liéu vat nuoi,*®
tan dung thém thong tin tit biéu hién dac hiéu allele (allele-specific expression) dé bu
lai phan ndo ¢d mau nhé. Cac dy 4n nhu FAANG (Functional Annotation of Animal
Genomes) dang tao ra loai dit liéu nhiéu tang nay cho nhiéu loai vat nudi.

“Kumasaka N., Knights A.J., Gaffney D.J. (2016). Fine-mapping cellular QTLs with RASQUAL and
ATAC-seq. Nature Genetics 48:206-213. https://doi.org/10.1038/ng.3467

*Nguyen D.T. vi cong su (2025). A nextflow pipeline for molecular quantitative trait loci mapping in
small sample size datasets with an application in Atlantic salmon. BMC Genomics 26:1070.
https://doi.org/10.1186/s12864-025-12302-5

Doc lai c& bang 1an vi du eQTL & trén, ta sé thay mot nguyén 1y chung ding véi gan nhu
moi dong, d6 1a dit liéu hé gen khoéng bao gid hoan héo, va ta can mot ngdn ngit dé néi vé su
khéng hoan héo dé mot cach chinh xac. Loi do luong, dit liéu thiéu, nhiéu k¥ thuét, cd mau
nhoé hay hang triéu phép kiém dinh cting lic, nghe thi khéc nhau, nhung déu 13 nhitng cau
hoi ctia thong ké. Piéu nay that ra da xuat hién ngay tit dau chuong, khi ban than mdi base
trong mot read da 1a mot ude lugng kém xéc suat sai, dude ghi lai bang Phred score. Trong
hé gen hoc, mot con s6 khéng kém theo mitc dd khéng chic chin cia né gan nhu 1a mot con
s6 chua hoan chinh. Hiéu dit liéu duge tao ra nhu thé nao vi viy mdi 1a bude dau tién, con
biét cach 1y ludn mot cach dinh lugng vé su khong chic chin ciia né 1a bude thit hai, va d6
ciing 1a no6i dung ctia phan tiép theo.
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Tém tit chuong

Céc cong nghé tao dit liéu hé gen cé thé xép vao mot ma tran hai truc gom tang phan
ttt duge do (bién thé DNA, transcriptome, methylation, chromatin, cau tric 3D) va nén
tang doc (array, short read, long read).

Array ré va chuan héa nhung chi do duge vi tri dinh san. Short read c6 thong lugng cao
va chinh xdc nhung gap khé & vung lap, structural variant, phasing va isoform. Long read
gidi quyét phan 16n cdc van dé dé nhung dit hon.

Phred score biéu dién xac suat 16i ctia mdi base trén thang logarit. Ngay tit bude dau, dit
liéu giai trinh tu da 1a két qua ctia suy luan théng ké.

D6 phan giai 1a chiéu thit ba ctia phép do, trai dai tit bulk, qua single-cell va single-nucleus,
dén spatial v6i cac diém do tir vai té bao xudéng nhé hon mét té bao. Xu huéng hién nay
la do dong thdi nhiéu tang trén cling mot té bao hay ciing mét 14t cat mé (multiome), vi
chi khi dé cac tang méi dude ndi truce tiép v6i nhau.

Chon cong nghé 1a danh déi gitta s6 mau, lugng thong tin trén mdi mau va do chinh xéc,

tuy theo cadu hoi nghién ctu.

MBoi gidi han ctia dit liéu sinh ra mot bai toan tinh toan. Hiéu giéi han 13 cidch nhanh nhat

dé hiéu phuong phép.

Thuat ngi

Thuat ngv

Tén tiéng Viét

Giai thich

5-methylcytosine
(5mC)

adapter
allele-specific
expression

alternative splicing

array

ascertainment bias

back-splice junction

base modification

basecalling

biéu hién dic hic¢u
allele
c&t ndi khic nhau

chip

bien doi base

Cytosine mang nhém methyl & carbon s 5, dang
DNA methylation phd bién nhat & dong vat c¢6 vi
Doan trinh tu biét trude gdn vao hai dau moi
doan DNA khi tao thu vién

Mitic biéu hién khac nhau giita hai allele ctia cling
mot gen trong mot ca thé di hop

Ciing mot gen duge cat ndi theo nhiéu cach, tao
ra nhiéu isoform

Nén tang do dua trén lai phan ti gitta mau va céc
probe da thiét ké san, chi do duge nhitng vi tri
dinh truéce

Sai 1éch do céc vi tri trén array dugc chon dwa
trén mot sé quan thé nhat dinh, nén bo sét bién
thé riéng ctia quan thé khéc

Méi néi ma dau sau ciia mdt exon néi nguge veé
dau trude ciia mot exon nam phia trude né; dau
hiéu nhén biét circRNA

Déu 4n héa hoc trén base, vi du 5mC, khong lam
thay do6i trinh tiu

Chuyén tin hi¢u tho ciia méy giai trinh tu thanh
trinh tu base
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Thuat ngiv Tén tiéng Viét Giai thich
biobank - Kho luu trit mau sinh hoc kém dit liéu di truyéen

bisulfite conversion

bulk
cell barcode
ChIP (chromatin

immunoprecipitation)
circular RNA

(circRNA)
cluster generation

clustering

concordant, discordant

consensus sequence

contact matrix

contig

deletion, insertion,
inversion, duplication,
translocation

direct RNA sequencing
enhancer

exon

false positive

flow cell

fusion transcript

genome browser

genotype calling

xtt ly bisulfite

két tiia mién dich
chromatin

RNA vong

khuéch dai thanh
cum

phan cum

trinh tu dong thuan

ma tran tan suat tiép
xuc

mét doan, chén doan
déo doan, lap doan,
chuyén doan

giai trinh tu RNA
truc tiép

7

duong tinh gia

transcript dung hgp

gan kieu gen

va dit lidu stic khoe ciia mét s6 lugng rat 16n ngusi
tham gia, phuc vu nhiéu nghién citu khac nhau
Bién C khong methyl héa thanh U (doc thanh T
sau khuéch dai), trong khi C da methyl héa gitt
nguyén

Po trén mot mau gdm hang triéu té bao tron lan,
cho gia tri trung binh

Doan trinh tu ngin gan vio moi phan ti cta cling
mot té bao, gitp biét mdi read dén tit t& bao nao
Duing khéng thé kéo xubng mot protein ciing véi
doan DNA ma né dang gan vao

Phan tt RNA c6 hai dau néi lai thanh vong khép
kin

Nhan médi doan DNA tai chd trén flow cell thanh
mot cum gom hang nghin ban sao giéng hét nhau
Chia cac diém dit liéu thanh nhitng nhém gom céc
diém giébng nhau

Cip read nam ding chiéu va cach nhau ding
khoang insert size (concordant), hodc khéng
(discordant)

Trinh tu gop tit nhiéu lan doc ctia cing mét phan
tit, gitip loai bé 16i ngdu nhién

Ma tran cho biét mdi cip ving trong hé gen tiép
xtc véi nhau trong khong gian thudng xuyén dén
mic nao

Poan trinh ty lién tuc thu duge tu assembly

Céc dang structural variant

Doc truc tiép phan t& RNA bang nanopore, cho
thay isoform day du va bién déi héa hoc trén RNA
Ving diéu hoa c6 thé nam xa gen, lam tiang phién
ma clia gen ma né diéu hoa

Poan cta gen dugc git lai trong RNA sau khi
intron bi cit bd

Két qué duge bdo cdo 1a c6 nhung thue té khong
cb

Tam kinh cé céc kénh nhé noi phén @ng giai trinh
tu short read dién ra

RNA dugc ghép tur hai gen khac nhau, thudéng do
mot structural variant trén DNA

Phan mém hién thi nhiéu loai dit liéu doc theo toa
do hé gen

Gén kiéu gen cho ting mau tit dit liéu do, vi du
tit cudng do6 tin hiéu cta array
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Thuit ngiv

Tén tiéng Viét

Giai thich

HEE (hematozylin and
eosin)

haplotype

Hi-C

HiFi read (high-fidelity
read)

hybridization

imputation

insert size
isoform

junction read
library preparation
low-pass WGS

mapping quality

multiome

nanopore
no-call
paired-end

phasing

Phred quality score
power (statistical
power)

probe

promoter

pangenome graph

read c¢6 d6 chinh xéc

cao
lai phan t

tao thu vién

16 protein cd
nanomet

diém chét luong

Céch nhudém mo chuan trong giai phau bénh, cho
thay hinh théi té bao va ciu tric mo

T6 hop céc allele cting nam trén mot nhiém séc
thé

Néi cadc doan DNA nam gan nhau trong khong
gian r6i giai trinh tu cic cip ndi dé do ciu tric
3D ctia hé gen

Long read PacBio ¢6 dd chinh xéc cao nho doc lap
nhiéu 1an mét phan tit vong

Su bat cip gifta hai mach nucleic acid b6 sung

Du doan kiéu gen tai nhitng bién thé khéng duge
genotype truc tiép, dua vao mot reference panel
Chiéu dai ctia doan DNA dugce doc tit hai dau
trong dit liéu paired-end

Céc transcript khac nhau dugce tao ra tir cing mot
gen

Read vit qua ranh gi6i giita hai exon, cho thay
cach gen dugc cat ndi

Cat DNA va gin adapter dé chuan bi dua vao
may giai trinh tu

WGS & coverage rat thip, két hgp imputation dé
lap khodng tréng

Mtic d6 tin cdy rang mot read duge dit ding vi
tri trén reference; thap khi read khép nhiéu vi tr
(multiple hits)

Do dong thdi nhieu tang phan tit (vi du RNA va
chromatin) trén cting mot té bao hay cting mot 14t
cat mo

L6 trén mang ma DNA hoic RNA dudc kéo qua;
thay ddi dong dién ion cho biét trinh tu

MaAu khéng duge gan kiéu gen vi tin hiéu nim
lung chiing gitta cac ddm

Poc mot doan DNA tit ca hai dau, cho ra mot cip
read

Xac dinh cic bién thé c6 ndm trén ciing mot
nhiém sic thé (cting tit cha hodc cling tit me) hay
khong

Q = —10log;, p, véi p 1a x4c sudt mdy doc sai mot
base

Kha nang phat hién mot hiéu tng cé that

Poan oligonucleotide gan trén array dé bat cip
v6i mot trinh tu dich

Viung DNA & dau gen, noi bé may phién ma gén
vao dé bt dau phién ma

Reference dang dd thi chtta nhiéu hé gen va cac
bién thé clia mdt quan thé hodc mot loai
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Thuat ngiv

Tén tiéng Viét

Giai thich

reference panel
resolution
reversible terminator

RNA editing

segmental duplication
sequencing by synthesis

single-molecule
real-time (SMRT)

single-nucleus

SNV (single nucleotide
variant)

spatial

splicing

tag SNP

track

UMI (unique molecular

identifier)
WGBS, RRBS, EM-seq

bang tham chiéu
dd phan giai

nhom chan tam thoi

vung lap doan

giai trinh tu bang
téng hop

giai trinh tu phan tit
don theo thai gian
thuc

cat noi

Tép hé gen da duge giai trinh tu day dd, ding
lam co sG cho imputation

Mitc d6 chi tiét ctia phép do, vi du nhu bulk,
single-cell hay spatial

Nhém héa hoc lam dimg téng hop sau mbi base,
dudce cit bé trude chu ky tiép theo

Bién d6i mot base trén RNA sau phién ma, vi du
nhu adenosine thanh inosine, khién RNA khéac véi
DNA tai vi tri d6

Poan DNA dai tit vai nghin dén hang tram nghin
base, c6 céc ban sao gan giéng nhau trong hé gen
Doc trinh tu bang céch ghi nhan timg nucleotide
khi polymerase tong hop mach bé sung

Céng nghé ctia PacBio, ghi lai tin hiéu huynh
quang khi polymerase gan timng nucleotide

Do trén ting nhan té bao thay vi ca té bao, thuan
tién cho m6 dong lanh va cac phép do chromatin

Bién thé thay ddi mot base

Po dit liéu omics ma van giit nguyén vi trf ctia té
bao trong mo

Cét bé intron va ndi cac exon trong RNA

SNP dugc chon dé do trén array sao cho, sau
imputation, giit lai nhiéu théng tin nhat vé céc
bién thé khéac

Mot 16p di liéu duge vé theo truc toa do hé gen
trong genome browser

Doan trinh tu ngau nhién gén vio timg phan ti
ban dau, giip dém s6 phan t& thay vi s6 read
Céc phuong phép do methylation bang short read;
lan luot do toan bd hé gen, chi ving giau CpG, va
dung enzyme thay bisulfite
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