CHUONG 3:
GIAI TRINH TU GENE, BO GENE

GV: NGUYEN NGOC PHUONG THAO
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NOI DUNG

1. Gidi trinh tw gene va bd gene bang phuong
phap  Sanger (chain-termination @ DNA
sequencing)

2. Giai trinh tu gene va bd gene bang phuong
phap mdi (NGS-next generation sequencing):

[llumina

3. Ung dung cta k§ thuat giai trinh tw DNA

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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ST GIAI TRINH TU DNA

Trinh tw chinh xdc cda cic nucleotide trén 1 doan
DNA

* 1990s: whole genome sequencing & loai nhan thurc,
nhan so

* 1970s: Fred Sanger developed chain termination
DNA sequencing

* NGS: rat nhiéu phuong phap khac nhau, cho phép
giai trinh tu cung luc hang triéu doan DNA

11/4/2021 TS. Nguyén Ngoc Phuong Théo
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S PHUONG PHAP SANGER

B (CHAIN TERMINATION DNA SEQUENCING)

* Nguyén tac: sy khac nhau vé kich thwdc (dén 1 nucleotide)
cla cac soi don DNA trén gel dién di polyacrylamide.

(a) Capillary gel (b) Electrophoresis of single-stranded
DNA molecules

Load molecules to
the top of the capillary

Molecules become
separated
according to length

Capillary,
50530 ‘r:ym Longest
in length

Gel,
0.1 mm diameter

Shortest

Polyacrylamide gel electrophoresis in a capillary system can resolve single-stranded DNA molecules that differ in length by just
11/ohenucleotide. The capillary is typically 50-88 chign Jémgtbowitta get diafeter of 0.1 mm.

90
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S PHUONG PHAP SANGER

UNIVERSITY

- (CHAIN TERMINATION DNA SEQUENCING)
* DNA ponmerase (b) A dideoxynucleotide
* dNTPs o o o
* Primer (mbi) ~o—r||T—o—1|3|—o—|F||>—o—0H2 Base
* ddNTPs gan fluorescent I > é/ \ |

(4 mau) | \ /

H
Primer H H
\ , Template DNA
3 2 N Position where the
' -OH of adNTP is
3’ i ol 5 replaced by -H

11/4/2021 TS. Nguyén Ngoc Phuong Théo
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UNIVERSITY

g PHUONG PHAP SANGER

(CHAIN TERMINATION DNA SEQUENCING)

Primer
* DNA polymerase
< dNTPs 5| g Template DNA
e Primers (mbi)
ddNTPs gan fluorescent (4 mau) 7 T AR 5

(c) Strand synthesis terminates when a ddNTP is added

5 3
___ddATP

%‘I‘I‘FFWWO

¥ TTT S The ‘A’ family

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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W PHUONG PHAP SANGER

- (CHAIN TERMINATION DNA SEQUENCING)

v | VANLANG

(a) Detection of chain-terminated polynucleotides

: (b) The print out from an automated sequencer
Imaging system
=—=_0 D((((_’ GCATCGAAATT T GTTAAGCTTGG
— o = KEY | |
*~ Detector f “
© ddaTP I
——0 ddTTP \
o T e Y
| A
——0 O aacre L VDA A
@ ddaTP WU WY G IV VU E VLD UT
10 20 30
Polynucleotides move past
the detector Reading the sequence generated by a
chain-termination experiment. (a) Each
dideoxynucleotide is labelled with a different
fluorochrome, so the chain-terminated
polynucleotides are distinguished as they pass by the
detector. (b) An example of a sequence print out.
11/4/2021 TS. Nguyén Ngoc Phuong Théo
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UNIVERSITY

SU’ DUNG DNA POLYMERASE NAO?

\ | VANLANG
~—

» Klenow polymerase dét bién loai bé hoat tinh stra sai (5’-3’
exonuclease)

* Taq DNA polymerase: no exonuclease activity

* Thermo cycle sequencing (PCR): forward primer, reverse

primer, internal primer

(b) Internal primers

‘ % Forward PCR primer % Internal primer

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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] vanLans

GIO1 HAN CUA PP
SANGER

 Chiéu dai doan DNA cho tin hiéu tét 750bp -> sequencing 1

gene, 1 phan cla gene 13 sdn phdm cta PCR hodc cloning

Primer

3 5
Vector DNA DNA [nsert Vector DNA

+ PE&gidi trinh tu 1 genome thi sao? Chi phi? Thoi gian?

11/4/2021 TS. Nguyén Ngoc Phuong Théo
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GIOI HAN CUA PP
'/WVANLANG .
&> UNIVERSITY S N E R
Dé gidi trinh ty 1 genome thi sao? Errors thisao?
Sléer; uf rehrééenmve genomes.
Mycoplasma genitalium Bacterium 0.58
Haemophilus infivenzae Bacterium 1.83
Escherichia coli Bacterium 4.64
Saccharomyces cerevisiae Yeast 121
Caenorhabditis elegans Nematode worm 97
Drosophila melanogaster Insect 180
Arabidopsis thaliana Plant 125
Homo sapiens Mammal 3200
Triticum aestivum Plant (wheat) 16 000
11/4/2021 TS. Nguyén Ngoc Phuong Thao
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HUMAN GENOME
BN SEQUENCING PROJECT

e 1990s
* Genome size 3200 Mbp
e 5 reads cho mdi base -> can 3200*5=16 000 Mb

e Dy an di cé 23 147 Mb nho thiét bj ty ddng hod: 1 [an chay cho ra 384
sequences cung luc, trong 1 gio => 7 Mb/ngay

v | VANLANG

AGCATCGTACGCTTCAGTATGATGATECTAC Readd

ATGATCGTAGCTAGCATCGTAGCTAGT Read 2
ATCGTAGCTAGCATCGTAGCTAGCATCGTAGCTT Read 3
TTGTAGCTTCAGTATGATGATGCTAG Head4
GCATCGTAGCTAGCATCGTAGCTTCAGT Read 5
ATGATCGTAGCTAGCATCGTA Read 6

ATGATCGTAGCTAGCATCGTAGCTAGCATCGTAGCTTCAGTATGATEATECTAG Deduced sequence

Each region of a genome must be sequenced multiple times, in order to identify errors present in individual sequence
reads. In this example, the discrepancy in Read 4 in the highlighted column can be ascribed to a sequencing error, the
correct nucleotide at this position being C.

11/4/2021 TS. Nguyén Ngoc Phuong Théo
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| vanLanG NEXT GENERATION SEQUENCING (NGS-
— GIAI TRINH TY THE HE MOI)
DNA Sample NGS Instrument Data
%
—— Ld-db acttcgtcaaa
&% & 5
& h &d}c aCgtaccgtaa
& o —% —_— gctacctraag
acctaggectt gc;accm"l‘g
acgtaccgtaa acctaggectt
Library . Data
Preparation Sequencing Analysis
11/4/2021 TS. Nguyén Nﬂﬁ?)f:wgﬂgs]—igé&are.net/mkims/a»comparison»of»ngs-platforms
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NEXT GENERATION
T SEQUENCING (NGS-GIAI TRINH
TY THE HE MO)

* Khéng can buéc cloning/PCR

~

e Chican ly trich toan bd genome
* Tao 1 thu vién hang triéu soi DNA dugc gidi trinh tu cung 1 ldc

Chain-termination Next-generation
sequencing sequencing
Il N BN B .
Clone insert e st 1 Y
3 or EN BN BN BN B o gment
PCR product N BN BN EN BN |brary
Il N BN B .

TACGGATGGCATAGA  ACGTATCATGCGGATGG
TAGCATGACGTAGCGTT
GTAGCAGGTACGATGCC
GTAGACGATGCAGCATC
TAGGACCTAGCCGGACA

One DNA sequence Many DNA fragments
11/4/2021 1s Obtam%. Nguyén Ngoc Phu’cy%erﬁgguenced
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CAC BUOC CHUAN B
- THU VIEN CHO NGS

1. Ly trich DNA (DNA extraction)

VANLANG

2. Catthanh cac doan DNA ngén theo kich thuéc phi hop véi tirng phuong

phap lya chon
3. Co dinh cac doan DNA trén mdt bé mat ran

4. Khuéch dai (amplification) cdc trinh tw

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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2. SONG SIEU AM (SONICATION)
CAT DUT DNA NGAU NHIEN

v | VANLANG

* Tat ca cac doan duogc gidi trinh tu tir

lsmcate  Cét ngdu nhién thanh doan 100-500 bp
$ cac dAu soi.

11/4/2021 TS. Nguyén Ngoc Phuong Théo
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UNIVERSITY

N vanLaNG 3. CO BINH CAC BOAN LEN BE MAT RAN

(IMMOBILIZATION THE FRAGMENTS ON SOLID SUPPORT)

* Gan cac doan ngan adapter (biét trudc trinh tu) Ién DNA
+ €6 dinh 1&n bé mat ran bang nhiéu cach: adapter gén Ién trinh tw b sung

v&i oligonucleotide hodc adapter-lién két biotin gén I&n hat Streptavidin

DNA fragment

Adapt
Oligonucleotides apios

Coating of
oligonucleotides

Class slide

Immobilization of the DNA fragments in a sequencing library by base pairing to oligonucleotides on a glass side.

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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| vanLanG JEECH CO PINH CAC BOAN LEN BE MAT RAN

(IMMOBILIZATION THE FRAGMENTS ON SOLID SUPPORT)

-

+ G&n cac doan ngan adapter (biét truwdc trinh ty) lén DNA

C6 dinh én bé mat ran bang nhiéu cach: adapter gan 1&n trinh ty bd sung

véi oligonucleotide ho3c adapter-lién két biotin gan lén hat Streptavidin

(a) Attachment to beads by streptavidin-biotin linkages
Bead

S

_i
Streptavidin-biotin
attachment

11/4/2021 TS. Nguyén Ngoc Phuong Théo
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S 3. KHUECH DAI CAC TRINH TU BANG
- PCR

UNIVERSITY

Khuéch dai cac soi DNA don thanh nhiéu copies dirng gan nhau tao thanh

cac cum (cluster) bang PCR

Céc cluster trén bé mat ran

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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S 3. KHUECH DAI CAC TRINH TU BANG
) PCR

UNIVERSITY

Khuéch dai cic sgi DNA don thanh nhiéu copies dirng gan nhau tao thanh
cac cum (cluster) bang PCR

I. Cluster Il. Flow Cell
2
z &
(EEI ? i WL
§ I’%. | w \M .' VH\
___3.‘-[' = J' =} i :’s 1‘—1—'—'—1" _|_|_mi.h\ m‘* m‘,ﬁ“
+ 5 > @ + - Y
ME&& Q vg@}f Oé"p* d‘ﬁg\ 0355‘
o & & eﬁ;5°
Pl

https://www.1010genome.com/illumina-sequencing/
11/4/2021
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GIAI TRINH TU BANG CACH
TONG HOP SO'1 MO
(SEQUENCING BY SYNTHESIS-SBS)

7] vanLANG
A\l

11/4/2021
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GIAI TRINH TY BANG CACH
) vanane TONG HOP SOI MO
(SEQUENCING BY SYNTHESIS-SBS)

https://www.google.com.vn/url?sa=i&url=https%3A%2F%2Fwww.medizinische-genetik.de%2Findex.php%3Fid%3Dnext-generation-
11/4/2021 sequencing&psig=AOvVaw3kfRoABZEMSEo DIGEKBTIDE G464 6035124902820008& source=images&cd=vfe&ved=2ahUKEwjI-
P29sLjsAhVoHbcAHSUIBqwQr4kDegUIARCQAQ

107

GIAI TRINH Tl BANG CACH
DR TONG HOP SOI MO
(SEQUENCING BY SYNTHESIS-SBS)

Repeated approx. 250 times

8

D

http://tcr.amegroups.com/article/view/4506/html

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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LAP RAP TRINH TY

(DE NOVO ASSEMBLY)

v | VANLANG

QP UNIVERSITY

l De novo assembly

PO PHU (COVERAGE) TU 5X: MOI NUCLEOTIDE
PUQC LAP LAI 5 LAN

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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PHAN TICH DU LIEU

it GENOME
Raw Reads
Clean Reads
VL . Gene Function
Denovo Annotation
Assembly
: g Gene Structure
Expansion and Contraction A
of Gene Family € Gei)me ™1 Annotation
Annotation | | e
Phylogenetic L PEROE1SRQUENCE
Analysis [ ‘L Annotation
|| Comparative
- Genome Analysis
Genome-wide | _ | —>{ ncRNA Annotation
Synteny Analysis
Estimation of Speices g lo 1,112 Naoc Phuone Tha
11/4/2021 Divergence Time guyen Ngoc Phuwong Thao

110

11/4/2021

55



v | VANLANG

Y UNIVERSITY

Cost to Sequence a Human Genome
5100M

Moore's Law

$10M
g
5IM 2
=
=
$100K S
The cost to sequence a human
genome fell to around $1,000 in 2016
$10K
$1K
'01 '02 '03 '04 '05 '06 '07 '08 '09 10 M 2 13 4 15
www bonnerandpartners.com Source: Hational Human Gencme Research institute

11/4/2021 TS. Nguyén Ngoc Phuong Théo
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UNG DUNG
gl KY THUAT GIAI TRINH TU DNA

\ | VANLANG
~—

*  Phat hién sém cdc ung thu di truyén: tuyén giap, vu, dai tryc trang,
da day, bach cau tuy bao cap...

* Sang loc trudc sinh chan doan hdi chirtng DOWN, khuyét tat dng
than kinh, Trisomy 18, n3o Ung thuy, ...

* Chan doén va phat hién dot bién khang thudc cda céc vi khuan,
virus, ndm gay bénh & ngudi, dong vat, thyc vat

*  Xét nghiém DNA huyét thdng

*  Xac dinh ngudn gbc ddng vat, gidng cay

*  Phuc vu cong tac diéu tra tdi pham

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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Home » Dich vu » ADN Huyét Théng » Xs

HUYET THONG v DITRUYEN ~ HOA VI SINH v TIN TOC ¥

MNGUE

Sing Loe True Sinh
Xeét Nghién Gen Thi Ning

Xeét Nghiém Gen Dinh Dung & Thé Chit

Xét Nghiém V6 Sinh Nam AZF

gl thisy lign ng

Xét

ngudn géc déng vit

CANUOGC

9001:2015.

101
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+  Doanh nghiép muén xét nghiém 1AM thii fuc KAl quan, Cuc th y cho ¢Ac sin phém cé

>100.000 MAU BU'Q'C PHAN TICH - 29 BIEM THU MAU TREN

Phéng xét nghiém ADN huyét théng durgre xay dung theo
khuyén cao cua FBI - My vé phong giam dinh ADN trong linh
vue khea hoc hinh sy dugre danh gia phi hop voi ISO

Phang xét nghiém di truy&n, sinh hoc phén tir duoc xay
dung theo quy dinh cua Bo Y té v& phang xét nghiém va dugc
danh gia phi hep véi tiéu chudn ISO 15189:2012 VILAS MED

Xét nghiém sang loc trurére sinh khéng xam 18n NIPT theo
gidi phap Veriseq NIPT dugc chuyén giao bai tap doan lllumina
y.

Str dung cac he thdng may PCR, Realtime PCR, may giai trinh
tr mao quan, may gidi trinh tur thé hé méi NGS duge san xudt
bai cac hang Thermo, Biorad, lllumina - My.

Hay bt afu ]
ét Nghitm Béng Vit Vi

Genlab eung efp dich vy xét nghiém ngs ) 30.99909% eho vi it ngh nd
tét'oh o8¢ ching loi Gy v Kasonh L NGB HLA Bhip Teag) £
Dich vy xét nghiém 6 Tan Thalassemia $p, cd nhan:

+ Nhanhgp khéu thit, déng vt s Xet nghiém Thrombophilia tedch ehinh xi

+  Cénhan mudn xac cic san phi! «ctim kiém

héng ti minh bech Xetnghiém PGT - Tidn 1am 16

TS. Nguyén Ngoc F’hucyng Thao
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| VANLANG

UNIVERSITY

1 PCR with fluorescent,

DNA sequence,
PCR amplified &
denatured

11/4/2021

2 Size separation by capillary 3 Laser excitation & detection

chain-terminating ddNTPs gel electrophoresis by sequencing machine
3
Large fragments g G
A A A
C c <
T T ) 4
PS1S. ¢ G G
A GACE R A A
RO
A + ek Q,Ag A A
Spsa STl G G
c Gree’ c c
T Mixture of dNTPs & Small fragments T T
fluorescently- labelled q e
ddNTPs T T
- — :
5’ Fluorescentl ipli S
y-labelled Laser beam Photomultiplier
; g Output chromatogram
Original oligonucleotides

https://www.sigmaaldrich.com/content/dam/sigma-
aldrich/articles/biology/marketing-assets/sanger-
sequencing_steps_process_diagram.png

TS. Nguyén Ngoc Phuwong Thao
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V7= Il bt

Fragments Add adaptors Attach to flowcell
A A A Y
= W L .
s — I
e - L]
u o " »
Bind to primer PCR extension Dissociation
/ y
/
Qz////” y ®e
ai — &Y
/
LA T 2y
/
/
\ /ﬁ'—/_/
Cluster formation /
/ o .//
(o
Sequencing Signal scanning

https://www.intechopen.com/books/next-generation-sequencing-advances-applications-and-challenges/next-
11/4/202 Beneration-sequencing-in-aquatic-models Nguyén Ngoc Phuong Thao
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G  TAI LIEU THAM KHAO

* https://medlatec.vn/tin-tuc/nhung-ung-dung-

cua-ky-thuat-giai-trinh-tu-dna-the-he-moi-
tren-may-pyromark-gq24-trong-y-hoc-lam-
sang-s28-n4685

11/4/2021 TS. Nguyén Ngoc Phuong Thao
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