Genomics- Human genome project
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Human genome project
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Human genome: 3,200,000,000 bp
3,200,000,000 / 500 = 6,400,000 7E -85
6,400,000 * 3 = NTS 19,200,000

Why need $3,000,000,000?
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o ERf7y
1bp=1bp, 1kb=1,000bp, 1MB =1,000,000 bp,

1GB =1,000,000,000 bp

o ELRZH AN

Species Porcine Escherichia Caenorhabditis Drosophila Homo sapiens Amoeba dubia
circovirus coli elegans melanogaster
Genome Size 1759 bp 4.6 MB 100 MB 130 MB 3.2GB 670 GB
Common Name /&» %
7
Virus Bacteria Nematode Fruit fly Human Ameoba
IR H 3 4288 19,000 13,600 ~ 20,000 ?
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cause-Down-syndrome
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Chromosome 3:
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This region of
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Genome map (EF:N4H [EEE)

Cytogenetic map: FHZY TS AL 2K » )@ B » DAEIEE] 7y
Genetic map: B G EE1E 2k » BE{7cM (centimorgan)

Physical map EEF??UEF?FWK EEArbp

B {EERE
Genetic Map
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Cytogenetic Map
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Physical Map

DNA Sequence ....GATCTGCATGCATGCTAGCTAGCTAGCTAGCTAGAGCITCG.... Bases




Chromosome recombination (Z+fagaE2H)
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Chromosome recombination (L2 EE4H)
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Recombination rate (EE%H %)
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Genome map (EF:N4H [EEE)

Cytogenetic map: FHZY TS AL 2K » )@ B » DAEIEE] 7y
Genetic map: B G EE1E 2k » BE{7cM (centimorgan)

Physical map EEF??UEF?FWK EEArbp
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Genetic Map

AR A B R
Cytogenetic Map
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Physical Map

DNA Sequence ....GATCTGCATGCATGCTAGCTAGCTAGCTAGCTAGAGCITCG.... Bases
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Shotgun sequencing approach

(FETHARE )

Genomic DNA %
Generate many
short fragments
which are cloned
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Sequence each
clone

TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence
by aligning and
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA

Bt

Hierarchical sequencing approach

(FEE=\EFA)

Al

Genomic DNA

Generate long fragments
and BAC clone library, which
are ordered to form a
complete physical map.

i [t ] === =
Generate a sub-
/ clone library from
each BAC clone.
ooooo ooooo oooono ooooo
oooOono ooooo ooooo oooono
oooo oooo oooo Ooooo
Sequence each
subclone
TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence
by aligning and
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA



Denaturation
Temperature is increased
to separate DNA strands
: Annealing
3. g Temperature is decreased
Template 5 _ﬂl_mi{ 3 Primer to allow primers to base
DNA strands 2 . pair to complementary
3 5 DNA template
l 6810 72°C
-k $> 3 Extension
N R R R AT L5 Polymerase extends
ascent .
DNA strands < primer to form nascent
5 11 DNA strand
3 5”‘}\
Istcycle —  2ndcycle —  3rdcycle —  4theycle ---------4 » 30th cycle
TOOOOOOOOOOY.  TOOOOOOCOOOOOOOOOY.  XCCOOOOOOOCOOOOOX.  TCCCCCOOCCOCCOT 31
IO DO OO X 27! = 2 billion copies
2_ TOUDOIOOOOOT  DOOOOOOOOOOOOO  COOCCCCCOOOOOOOoT
2°=4coples T OO IO
3 - TN COOOCOOOOOOOOO
2’=8copies IO  EEION
e s S
24 = 16 copies ST Amplification
P % Process is repeated, and
T the region of interest is
IO amplified exponentially
prasisteteneenniiing
IO
25 = 32 copies

https://www. neb. com
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ATATCGTTGCCTAGTGGTATCGTAAT
o

3

ATATCGT ”

SN NSNS EEEEESSEEEEEEE
TATAGCAACGGATCACCATAGCATTA

JLlLlLil,
AGCATTA

5

3

5

DNAFELRR
5[F(primer)

DNA template

PCR forward primer




Sanger sequencing

FE A E dANTP (B AR EAXE L, TLhiR
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FEF-ERE 500-1200 bp

4 x PCR (+ one dideoxynucleotide)
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R J72=Hi2 (Southern blotting )

o ESRJFHE R B DNARTRIBUR 4555 (probe, BLZDNA)SE &
© BER{ERIT&DNA -> 2B ER K -> ligfin T (FEDNARCER Y -> B8R 2 06 L
R ST RS -> SRS

Restriction digested I SR s Expose

Radioactive Probe 3
(- X-ray film )

—_—
wash

s Electrophoresis —

R E K P : Probe hybridized =
to restriction Develop
fragment X-ray film

_ Xeray film

e R l '!! ' l

Southern Transfer i R I=V

EUE 2 i—- —

{CRRAERR i : 7 Paper towels \( - mamdniresn 4
Nitrocellulose membrane
Gel Determine size of
Sponge restriction fragment

Tray with buffer that hybridizes to probe



CAGCCGCAAGCGGAATTGGCGACATAA

GTCGGCGTTCGCCTTAACCGCTGTATT

Denature

CAGCCGCAA
GTCGGCGTT

Denature

Hybridization

Probe DNA

GTCGGCGTTCGCCTTAACCGCTGTATT
Hybridization

Denature

Probe (single stranded DNA)

PRI HRRIT
s H AR

[T DNASE L
B P (B
denature)

DNABEEH A
R AR LR LA
AREEITHES > 5
$_E AT ERE U 4R
HHERLE



Colonies hybridization(& & #37)

o« B[RS R DNA BRI 115 (probe, B A DNA)GE &

- B R=IEaR e PR

« IR > REN R CAERR > MR R TR ARG EDNASE M 5 U ST
Hee -> ERER A

d isc of absarbent paper

=
INCUBATE WITH PROBE
AMND VASH
C@O O colonies containing
T plasmids of
- Y, interest
E.coli |l X
radioactively \“x,_______,._ EXPOSE PAPER TO

labeled DN pruth“-_ ; PHOTOGRAPHIC FILM

e,
=

petr dish with
colenies of bactera
containing
recombinant plasmids

pasition of desired
colonies directed by
autoradiography

LY SE BACTERIA
PEEL PAPER FROM DISH TO DEMATURE DMA

PRODUCE REPLICA OF
COLONIES



R AL FE S FISH (Fluorescence in situ hybridization)

o IS B DNA R NI AR E £ (probe, B DNA)GE &
-+ HHYRHER BIRPS A Rs BRI E
+ AREEERH R > DformamideRit eSS M > BOUIRERSHE S 2> B CEIMIRERE

»— Cent
= 159cM

——17.5cM

- 243CM

-

et

o 31.0 cM
/

J —aracm

/> 52.8cM
» ’/_

58.4cM
-

£
‘ —71.2cM )
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T1.2cM—

L g37¢M

BMC Genomics201112:639



LIl
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Shotgun Sequencing Approach

FLR4HDNA
Genomic DNA

G t \ SER NasyIP
A | o vom o
which are cloned DNA:,FT%%E ~500 bp

O000000000000000000000
Ooo0o0O0000O0000000O0000000
Ooooo0oOoOo0o0oO0ooo0oOoo0oooooon

clone KAEF

=]
O
O
l Sequence each

TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence

by aligning and e
removing overlaps HNAHFPFIsHES

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA



DNAZE % (DNA sequencing)

« [EHIEFE Sanger sequencing

— EEREJFHE ~ 500bp - 1 kb
— &5 1% 96 sample

— 197731

* Next generation sequencing (XA ER, NGS)

- NiB KRR

R

! ’fT IR HI|

% (Massive parallel sequencing)

-~ 100 - 500 bp /read ({{X7E FFZTA[H])
- R AERS > 100 GbER &
- NEIAEIFGAE > HaillilluminalBd 280y SBSL fit £ it

(200655 HH)

- A ARG

RS ~ AN A RERE A Y E




SBS

£Genomic DNATTET &4 ~500 bp, \li##_Fadapter
FDNAEME EEEFE 5 [T EFE
5| FHVFY ] Byt adaptersy st

= dr-

Sequencing Technology Overview

1 | Prepare genomic DNA sample
T

B Ran mly fragment genomic DNA and —
ligate adapters to both ends of the randomly to the inside surface of the
fragments flow cell channels.

| 2 | Attach DNA to surface
1 Bind single stranded fragments

Adapter

DNA fragment

Dense lawn
of primers




FIFAE [T H#EFTPCR » R B A HIARA 5 R ] R

: Bridge amplification

Add unlabeled
nucleotides an
enzyme (o initiate
snlid-E?asc bridge
amplification.

& @

.C

Sequencing Technology Overview

“ | Fragments become
— double stranded

Attached

Attached Free terminus

erminus te




o RFEBIRERRS SR LR o ITEAPCRAEER » R HIBH R PL2 T R
o HEHIET H B REAE Bl

Sequencing Technology Overview

Completion of amplification
Ef}lil:é&{:ﬁlht double stranded - On mgplﬁion. mernll:nlluon dense

clusters of double stranded DNA are

generated in each channel of
the flow cell

Attached
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* SBSPT{E VX HEE R ikiRA: - BB AR > AERDER A EBAD
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SBS — PCR [z JiE k2 st e AU

PCRZ JiE PCRKZ JiE PCRJZ fiE
s LT LGNS s L

LR e ? R e ? R e



SBS — {75 f# =S (base calling)

}Q..‘ . y
P © Ho¥F

A - .. r A o
Ao ML ERE $Z090 TOLNES NN SR R R S .

R‘

LAY T T e

The identity of each base of a cluster is read off from sequential images.

illumina-
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Genome assembly (£

AN

J¢H,

FIHER)

« EFrHr IRy ~500 bp > EEHIH MR L 150 bp - iELETEF/NA Bl Z Fyread
© FPAIRYEER i R AR HUE I
» [FE—BHEFY EEA ffread - TIEBIFYIAHEE FREM:
- HEFHE R BRI R R e AR NG E — A &

Paired-End Reads Alignment to the Reference Sequence
|
2 ——
. — ——
[ Referancs || ]

Read 2



TE 740 25 (assembly) Y &R

o NIEELRIAH 3G (30 (Ellia kL) - Rk & P IF K AL BERE 150 bp » APfEE R /D
B 2H H{freads » FEEEDEME > IR/ DEINH Efkreads A SRR EHE
FLIR4E -

o« BHEPAIENANE SR/ NIHE o A0S N E E RS SE R A IR RS ?
HRA R A E A B AR AR P52 RER L E -
- >R RS KR B MIARRIEER R ErE A s A — &Ik 2




Hierarchical sequencing approach (& @3 EF/%)

Hierarchical Sequencing Approach

Genomic DNA
Generate long fragments M ~ ARED SEZDNA
and BAC clone library, which L/L fr:% ? ’fb%/ﬂ,@%%/iﬁ—f
are ordered to form & FTE ~ 150-300 Kb, i EE{FBAC
H%LBACU\FISH ﬁ{ﬁ@;fé@% complete physical map.
[—| ] =]
== === === e, |
Generate a sub-
% l l l l clone library from
each BAC clone.
FaTaTalaTs EENERm  EEmEm EEmES HFBAC (150 kb) 5 E¥nn vef&E
ooono Ooooo oo oo oo oo — = o I .
2’Ex55 (plasmid, 2 kb)
\ £ 12 R Sequence each
Dlsanger €& feDNA S ene
TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence 4H HE

by aligning and REdIRES

removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA



DNA 38
155 4l

MNFE A\ EZuEE (HAC) 6000 - 10000 Kb human cell
R A\ Sy tafg (YAC) 100 - 3000 kb Yeast
MF N\ Ed 5 (BAC) 150 ~ 350 kb E. Coli
% Bl Ae sk e (PAC) 100- 300 kb E. Coli
*E AG (Cosmid, IR R R G/ B A < B & 35-45kb  E. Coli
'EH (plasmid) <= 15kb E. Coli

R — BB SR E - AJHEA4H (3,200,000 kb) 75 &
320 HAC
1,066 YAC
9,142 BAC
10,666 PAC
71,111 Cosmid
213,333 plasmid

B AR NG EEHTEOR Re &R DL E




BACH A

| srmmisossows 1 mamezerem

’qcfp

HLPRH
(Genomic Library
Construction)

Y5 —{EBACH] Kk 150kb, $f A A JE
FL[R4H3.2 Gbifi= » 9,142{FEBACE—
F"E@Eﬁ*“ T B 5 90% A L6
BER /D0 H6EHIBACE H
(54,852{)



Pl e R M S A (FISH) R BACTE (ILAE A s BT

UMD chrX
e U13
e U4l \
BAC
® U50
e U49
Lie ® U6 BAC B E (73 5]
U33
U3oe .
U13 U41 U50 U49 Ule6 U33
U34e e Ul0a o8 o~ & 7
e U3l U10a
U30 U34 U10b U17 U31 U19
- e U19
. - o ”~ '
3 g "' ¥
U21e o Ul2 :
e U20
U32 U6 U12 U21 U20 Ul5
® E; 5 2 ,,.a }‘ ‘
i Suu v ‘

BMC Genomics 2011, 12:639



Inverse PCR (7 [5]PCR)

© ARG IR A EEI30kb o (HIRE > pRIDRMARIK o REb o B SEH{EREE] ~ 2 kb

o FRZADNAR B Bkl » S Asea o o 5l HEERG ME#EES T
o HuYAIEEBACKEFFY! » DLE{TFISHEBAC library screening

i e B A )

/

FLNGHDNAR E(<1 kb)

PRI
> i

RN E A

ELNEHDNAF Ez(150kb)

* PCR
<€

BAC I %1](< 2 kb)

v 515
/




BACEL[K|[EErig

BACA m ]

BAC Il 1 B

lﬁ%ﬁ%ﬁﬁﬁﬁﬁéﬁ@ l

e T
BAC HLIAIRE N
l AHEBACA R AR (2
A B |
B | || | | | D
C | || | | || . E

LIBACB, C, D, Bkl Fr B DL EEER DI E] F FBAC
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R e R B 2 L

| EEREE EER

iEAE| g =
A= 4% %
NS 4% %
72 LR I (gap) AN 4N

« EEEVELIEEFUE LK o AEREEYIEEANESHER - NI

YRR A R E i o] DL B B e EL A T -
. ERICA A F5R H 51,0002 7 BT Al 225 0 B
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Francis S. Collins J. Craig Venter

More science uotes at Today in Science History todayinsci.com



TE FP 1Rk e — SN LR

Q: NEAEEN4HZY3.2G » &75%720,000-25,0001 £ N » 415 DAEHE LA K10
kb 5T > HSJEFiE e ELNEAE LN AH 8% (250,000 kb)  HJSPEEHe M 2 4] K125 B A AL
B 7

1 SRAGTRM © EENAVRFETRM - 15 25 BN e i A i
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HE GG & 7 (RNA-seq)
HITEURNA > BB EEREDNALL FIk N A B > e > WESIRA S E

Samples of interest Isolate RNAs Generate cDNA, fragment,
size select, add linkers

B ) ) ) / ‘ \/W§ = 4'. l.ﬁl - ) E—
Condltlon 1 Condition 2 , r s ,.—.':' . . .
(e.g. tumor) (e.g. normal) Pon ta|I .—l. s T "

Map to genome, transcriptome,
and predicted exon junctions

Intron  pre-mRNA

Exon Unsequenced RNA RNA reads
Ii—t\:I

Transcript
::_:_' — ___ = e ] [ e En— |
Shortreads =—ff—=——=——> e

ssﬂfﬁt rﬁft?cs,n Short insert ~
| 100s of millions of paired reads

l 10s of billions bases of sequence

Downstream analysis
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NFREL ARG HY I R

FRIEE T

Bt - IR

FA =TT - GWAS

Metagenomics — f 4= E AT
Epigenomics — DNA HHEL L5 #T
HE

cases

cases (n=1,000)
people with heart disease

C
-

controls

controls (n=1,000)
people without heart disease



NCBI Genome Data viewer

GDV is a genome browser supporting the exploration and analysis of more

[ )
G e nom e Data VI ewer than 540 eukaryotic RefSeq genome assemblies. €

Select organism

Homo sapiens (human) genome

fHomo sapiens (human)

Search within
selected assembly

7

Enter common or
scientific names to
find more organisms

fruit fly Search in genomé

Location, gene or phenotype

Examples: TP53, chr17:7667000-7689000, rs334, DNA repair

Assembly
GRCh38.p11 b
Browse genome BLAST genome Select
assembly
Assembly details version
Click to update Name GRCh38.p11

panel at right RefSeq accession  GCT_000001405.37

GenBank accession GCA 000001405.26

Download via FTP  RefSeq, GenBank

Submitter Genome Reference Consortium

Level Chromosome

Click "+" to see
more organisms

Annotation details

Annotation Release 108
Release date
1234567

10111213 14151617 18192021 22 X

ey

=

o




Homo sapiens (human) genome ‘“ﬁ

Search in genome

—7 aquaporin n

Search “Aquaporin Cenes m

Name Location
AQP4 Chr18: 26.85M - 26.87M
AQP1 Chr7: 30.91M - 30.93M
AQP2 Chr12: 49.95M - 49.96M Q
AQP3 Chr9: 33.44M - 33.45M
AQPS5 Chr12: 49.96M - 49.97M
AQP9 Chr15: 58.14M - 58.19M <
AQPS Chr16: 25.22M - 25.23M result

Examples: TP53, chrl7:7667000-7689000, rs334, DNA repair

Assembly

GRCh38.p12 v




Current position

location: 7p14.3 Transcript ID _
(physical map)

(cytological map)

Chromosome 7

: GRCh38.p12 (GCF_000001405.38) Chr 7 (NC_000007.14): 30,910,312 - 30,926,899
Reset All Share this page FAQ Help Browser Agreement  Version 4.5

Genome Data Xiewer Homo sapi

- |de°gram View p22 p2l pIS.3 Apld  pl3 pl2 1.2 gl qn.21 qll.23 q211 q21.2 q22 q31.1 q31.3 q32 q33 q3% q35 q36
o
Alt loci/patches: 401 ' r I - - 2 . T n
1 2 3 4 5 6 |7|8
] e 4
JEE
= = - =
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