Genomics- Human genome project
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Solomon islands blonde (ZZEFIEE & 4 52)
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FIR4HEE (Genomics)

» F[N&H(genome) * 4HIHEZAFTAHYDNA - 5 1%ZDNA(nuclear
DNA) ~ TE&kHGDNA ~ FIHRAZDNA

o FLIN4HER (ELAIRGER)
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TH:
- R EFE - %%i%%
ﬁ%‘“ﬂﬁ Efﬁi 2 N &ALl
- BEEHEE - A DIRE T
i %AZEEF? -> FLREFF -> EERThEE o

TRE NG




o EHREEHEEEME > BLLUS i (high-throughput) SRES ST B IR D AE

HEE: AN
Gene-by-gene approach J High-throughput
approach
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of Genomics




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 =5 19,200,000

Why need $3,000,000,000?
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i

\Z(bp / base pair)
lbp=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
/8/2 |
Common Name %
7
Virus Bacteria Nematode Fruit fly Human
IR H 3 4288 19,000 13,600 ~ 20,000 ?

C{ER#(C-value enigma): AMJHCIE (BERFBER/N) EREEVEREERBENERR
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This region of the
chromosome is called 3p22

This region of
the chromosome
Is called 3p22.1

This region of the
chromosome is called 3p21
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Genome map (F:N4H [EEE)

Cytogenetic map: FHAYEESAY LM 2K » )@ B » DAEEE] 7Y
Genetic map: B X1 E 2K » BEf7.cM (centimorgan)

Physical map EEF??UEEZ‘FMG EEAirbp

B {EERE
Genetic Map

AR S B R
Cytogenetic Map

YRR R
Physical Map

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




Chromosome recombination (L A2 E4H)

HAERRG (IR FREB) MR RUE(E FITH) XA EAE2000EE1K - HA742E€
BIXEFRE ~ 2668 BIXGFTEE  274ERESGRY » URTBERESEE
G REBER)I MIBERE(VER)MER R AEH ? MR EMEE » 5B
HAE% D centimorgan?
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gray with- , Y}" : black with
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Chromosome recombination (St
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Recombination rate (EE%H*%)
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Genome map (F:N4H [EEE)

Cytogenetic map: FHAYEESAY LM 2K » )@ B » DAEEE] 7Y
Genetic map: B X1 E 2K » BEf7.cM (centimorgan)

Physical map EEF??UEEZ‘FMG EEAirbp

B {EERE
Genetic Map

AR S B R
Cytogenetic Map

YRR R
Physical Map

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

(FHAEE %)

Genomic DNA %
Generate many
short fragments
which are cloned

Ooooo0o0o0n
Oo0oo0ooo0oooooo
Ooooooooooooooo

oooooo
O

]

O

O

Sequence each
clone

TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence
by aligning and
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA

Bt

Hierarchical sequencing approach

(FeE=\EF7%)

Al

Genomic DNA

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

] [ =] | ]
Generate a sub-
f clone library from
each BAC clone.
ooooo ooooo ooooo ooooo
oooono ooooo ooooo ooooo
oooo oooo oooo oooo

Sequence each

subclone
TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence
by aligning and
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA



PCR (= 72 sH R &)

S Rtgfﬂﬂg{<3‘f1‘1‘1‘1‘1‘l‘1‘1‘1‘1‘1‘1‘f‘1‘1‘7‘1‘f2 . ATATCGTTGCCTAGTGGTATCGTAAT DNATELH
l s ¥ -A«Lé_CLA!A_'II'_%.S‘ 5| F-(primer)
FTTTITTTTTTTITTTTTTTTY  Denaturation s o TATSEE 5 . ONAtemplate
T T U T R OTITUNRY - - oo grunsy TATAGCARCCATCACCATAGEAT A Y PRSIt
l 4810 72°C

STTTTTTTTTIrrrrrrrrrr?  Annealing
3. g Temperature is decreased
DN:‘emph ;: g Primer . Primer to allow primers to base
B oy . pair to complementary
3 5 DNA template
l 68 to 72°C
L _5. Extension
Nascent YAl Polymerase extends
DNA strands < primer to form nascent
. JE— ' DNA strand
¥ 5T
Istcycle —  2ndcycle —  3rdcycle —  4theycle ---------4 » 30th cycle
IO DO OO IO o
i@ @ @ 2% = 2 billion copies
edcopos D NN
3 .. IO DO
2°=8copies T KT
s mmeei Exponential
24 = 16 copies ST Amplification
4 m Process is repeated, and
TIIOTOOOOOOIY the region of interest is
T amplified exponentially
oo
T
T
25 = 32 copies

https://www. neb. com



deoxynucleotide (ANTP)  nw,

Sanger sequencing L0, 7Y

& FHEDOEIRE dANTP (B IR SUZE B, 1A%
A= 30mOH-AR ) PCREZJE (5 11

FEFEFE 500-1200 bp

4 x PCR (+ one dideoxynucleotide)

Agigl

ddTTP ddATP ddGTP ddCTP

l DNASEQUEHCE
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2
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Use a
sequencing
machine GACTGAAGTECT
5[
2
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—
Separate
with a gel
[
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GTCGGCGTTCGCCTTAACCGCTGTATT

Denature

Hybridization

GTCGGCGTTCGCCTTAACCGCTGTATT
Hybridization

Denature

Probe (single stranded DNA)

PRI~ HRhIE
o AL R

[ R DNASE L
B PR (5
denature)

DNAFEEH A 1y
R AR LR L
AREEITHES > 5
$_E AT RE U 4R
HHERELE



-—FA

+

o BRI S B DNART R M5k (probe, B A DNA)GE &

© BER(ERIT&DNA -> BBk -> ligfia T (FEDNARCER Y -> B8R £ M L

7 SEHEE (Southern blotting )

R ST RS RE  -> BRI

Restriction digested

genomic DNA g g g
— 7
(
ElectrophoreS|s

Y 4

B R T l
Southern Transfer

PRSI, S

TR S
Radioactive Probe 3

Probe hybridized
to restriction
fragment

A 20
B4R

Expose

© Xeray film

A

\

/

Develop
X-ray film

+
1 —
N
Paper towels \_ ‘eoseeemercaseen /
Nitrocellulose membrane
Gel Determine size of
Sponge restriction fragment

Tray with buffer that hybridizes to probe

HiRISHA



pet dish with
colenies of bactena
containing
recombinant plasmids

Colony hybridization(E&F X 27)

=+ R R B DNA R AR 4 5 T (probe, B DNA)SE =

HHV =R e AR ey E%

RS > hENEWBERMERE > BB R TR ARG EDNASE M > U RSt
Heer -> ERER A

d isc of absorbent paper

=}
INCUBATE WITH PROBE
AMND WaSH
O colonies containing
(go .- plasmids of
/ "N interest
E.coli o ’ . "
radioactively \“x,_______,._ EXPOSE PAPER TO

labeled DN prutH!_ PHOTOGRAPHIC FILM

T
.'; e e e
CiMA, Wi

boundto
papar

pasition of desired
colonies directed by
autoradiography

LY SE BACTERIA
PEEL PAPER FROM DISH TO DEMATURE DMA

PRODUCE REPLICA OF
COLONIES



BYCIR AT EEEFISH (Fluorescence in situ hybridization)

o FEFH G EAGDNA R IS E BRET (probe, EEIEDNA)GE &
- HEYAHESE BRI ESER T E
« pEEE N A > DiformamideF LB RS E M > I EBRS TS > LR 22

8 _——Cent
~———159cM

——17.5cM
’/— 243 cM
_~—31.7cM
410cMm

/i
J —aracm
/—/—sz.acm

[—58.4cM . \

\ —71.2cM '
. 58.4 cM —/
1.2cM—

/
L g37¢M

BMC Genomics201112:639
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¥ E L (Shotgun sequencing approach)

Shotgun Sequencing Approach

FLRI4HDNA
Genomic DNA

G t N =S, Na !B
% chort imgmenty DUV - (LERSUREZAN
which are cloned DNA:,FT%%E ~500 bp

Sequence each

l clone RHAER

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 samples

— 19771

* Next generation sequencing (XA ER, NGS)

- NiB KRR

R

! ’fT IR HI|

% (Massive parallel sequencing)

-~ 100 - 500 bp /read ({{X & FFZTA[H])
- G _FHAERS > 100 GbE R &
- NEIAEIFAGAE > H aiillilluminalBd 280y SBSTL fit £ F i

(20062 HH)

- A RS

RS ~ AN RERE Y E




SBS (sequencing by synthesis)

£iGenomic DNATTER &4y ~500 bp, \i##_Fadapter
KFDNAS MR [ EE A [ FHIEFE
5 FHIRRY ] iR adaptersz st

\ll—' \ll—'

Sequencing Technology Overview

2 Attach DNA to surface
- Bind single stranded fragments

]_ P:egﬂmlﬁenomlc DNA sample

t genomic DNA and
ligate adapters to both ends of the randomly to the inside surface of the
fragments flow cell channels.
°
4 ‘:;a o ‘{_‘“ Adapter
o .g:
27 . 3
o " , % DNA fragment
".1.::\ ‘%‘\,
7 %‘x b
L]
d"vs DNA %'l,, ii
B !i Dense | wn
. ii !i of primer
~ 22 1
82 =
Adapters

o\
V4 #f;:"." 9%% % Add sample to.

| =




SBS
* FIFASITHEITPCR - iR BRI ERRT 5 i Ry S

Sequencing Technology Overview

g‘ Bridge amplification 4 Fragments become
PR Add unlabeled double stranded
nucleotides an

engyme o mmate
ase bri
amphgcaxlon .B:

Attached
terminus




o RFEBIRERRS SRR RS o ITEAPCRAPER - R HIBH R PL2 T iR
 HEHIEY H B AR AE it

Sequencing Technology Overview

= Completion of amplification
D | gzn:éurgs the double stranded m G pisociein. weo nll:n“uon e
clusters of double stranded DNA are

generated in each channel of
the flow cell

Attached




SBS — K JE R IR L E R

*  SBSPT{E VX HEE kRS - BB AR > AERDEREHAAEBAT
 ZERE DRI DA A R P A (allyl group), AT{HEPCRIZ FEFEAETT
o SO R FUBRIE 3 Im A MR P 2R AT LUSE (pd) S IR LA B - (sEPCREZJEAESE

d

CHs
o o
I Y T H
)Ol\ N g N~ y uJ\o/\n/\/N\"/Hs\”Jxo{ >~CH=CH
NH, // N O/j(\/N s CH 0o / I
N~ H o HN Q
A b
-0.,.0. .0, 0—\ 0" N H,N” N7 N
Fodods N2 -o\P,o\P,o\P,o\iiJ
i i NN N
O, STOREHICTEARYSodlipy LA esatee I 3'-0-allyl-dGTP-allyl-Bodipy-650
~X
) \/ .
P N‘\/;\/o\(;\f N\
PR N ‘\/ \‘\\7/\)
N €0
X 1 T
we N Y
o p T
N/
HN | A\

X

allyl group R




SBS — PCR [z i k2 ohcaE AN

PCRZ JfE PCRIZ JiE PCREZJfE
SHEL RS SEETSE LR

LR e ’ SR e ) SR e



SBS — {75 f# =S (base calling)

T TA AT ...

' "(©% () ®1 ‘0 Mo¥
PSR &0 AR ]

o¥s IO go¥

-

\‘

TTTTTTTGT ...

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

illumina-



o

Genome assembly (£

AN

Paired-End Reads

Referanca

Read 2

J¢H,

FIHER)

I —_—]

- EFrHr HEERAIRy ~500 bp > EHHMNmEEHL 150 bp - BLEETE/NA Bl Z Fyread
© FPHIRYTTEER I R AR HUE I
» [FE—BEFY EEH ffread - TIEBFIAHEE FREM:
- HEFHE R EEFSIN R R e AR NG E — A &

Alignment to the Reference Sequence

H

H



€ 740 2% (assembly) Y &R

«  NJERNAH B3G(30fEEinss) - e fFIF a2 L BERE 150 bp » HEEZE /D
B 2H H{freads - FEEEDEM > IR/ DEINH Efkreads A BESEEHE
FLIN4 -

o« BHEPAIENANE SR/ NDHE o A0S N E E RS SE R IR RS 2
HRA R A E A B A AR AR P52 RER L E -
- >R KR B IIARRIEER R EE A s A — &Ik 2




Hierarchical sequencing approach (& @3 EF/%)

Hierarchical Sequencing Approach

Genomic DNA
Generate long fragments M~ ARED SEUZDNA
and BAC clone library, which L/U?‘] ? ’fb%/ﬂ,@%%/iﬁ—f
are ordered to form & FTE ~ 150-300 Kb, 37 F#1FBAC
HFBACLAFISHEN T fF L g complete physical map.
== | =] =]
= === === ===
Generate a sub-
/ l l l l clone library from
each BAC clone.
ooos SE0Ho OOopboo  Doooe HFBAC (150 kb) 5 E¥nnvef&E
oooo Oo0oono oooo oo oo — = o I A
2’Ex53 (plasmid, 2 kb)
\ e Sequence each
PlsangerE & feDNA S ene
TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence 4H HE

by aligning and REAIRCES

removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA



DNA ##8
7 4

MNEE N\ EZuEE (HAC) 6000 - 10000 Kb human cell
R A\ Sy tafg (YAC) 100 - 3000 kb Yeast
MF N\ &4 g (BAC) 150 ~ 350 kb E. Coli
% Bl Re sk He (PAC) 100- 300 kb E. Coli
RHEAG (Cosmid, Ikl RG i AG/ B A < 1B & 35-45kb  E. Coli
‘B H (plasmid) <= 15kb E. Coli

WER— B ERETE - AJHEA4H (3,200,000 kb) T3
320 HAC
1,066 YAC
9,142 BAC
10,666 PAC
71,111 Cosmid
213,333 plasmid

(i B SEREE = R T - STV W




(Genomic Library

Q Construction)

sACHE A0SR {EBACTH] K5, 150kb, £ A JH
FLIN4H3.2 Gbifi = > 9,142{EBAC K —

l FTRY F5150-350 kb J5 E l RRsIE 2R {ﬁﬁqﬁ*k A R 2ZEF90% L. _EHY

JEIR4HADNA l FEHL

maR o 2/ HE6EHYBACHH
: ’ (54,852{)

™G




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

UMD chrX
e Ul13
o U41
® US0
e U49
U34e o U16
U33
U3oe -
U34e e Ul0a
Ul7e e U10b
e U3l
o U19
U32e
o U6
U21e o Ul2
e U20
e Ul5
U9
{ i

BAC
BAC I o 751l
U13 U41 U50 U49 U16 U33
HIIONEn
| Ul0a

U10b Ul7

U30 U34 U31 U19

- “‘ ‘ ~ 3

&y 11 ) 2 < - -
" b )

U32 U6 U12 U21 U20 Uls

IR

4|7 | B

BMC Genomics 2011, 12:639




Inverse PCR (JZ [2]PCR)

© ARG EER R A EI30kb o (HIRE > pRIDRMARIK o KREb i B SEH{EREME] ~ 2 kb

« FRZADNAR B Bkl » S ARETo | o 5l HEERG TMEEES T
o HuYAIEBACKEFFY! » DLE{TFISHEBAC library screening

G R A 7]

FLNSHDNAR (<1 kb)

PRI
> i

HRENHE A

ELNAHDNAF Ez(150kb)

PCR
’ <

BAC IiFEEFE%1 (< 2 kb)

v 51F
/




BACEL[K|[EEEriise

BACA m ]

BAC Il 1 B

l T TR E RS S e l

e T O
BAC HLIAIRE N
l HHEBACI R F AR (i
A B I
B | | ] | | | D
C | | ] | | || . E

LIBACB, C, D, Evm&li 5 FrEE A DL EEER DI E] E FBAC



fE /@ =UE P

Al
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R R B R L

| mEmRa BB

iEA| g =
A= 4% %
NS 4% %
72 R I (gap) AN AN

« B EPELIEEUE LK o AEREEYIEANESHER - NI

A TREE R o BT DS B bR LR A s -
e EHIEA A SRR H5E1,000355E HI AT 22k (AR



NEE NG TEIE - A RN A IS > Ar]E

Francis S. Collins J. Craig Venter

More science uotes at Today in Science History todayinsci.com



TE FP 1R Pk ER — Z LR

Q: NEAEN4HZY3.2G » &75%720,000-25,0001 N » 415 DAEHE LA K10
kb 5T > HSPEFE e BN EAEEL N AH 8% (250,000 kb)  HJSPEEHe M 22 4] K125 B A AL
B 7

1. HRESTEMN © (REERAVRFE TN - WA S E RN E i
a. ORF finder: 5 AGEE P HESS
HWIFZEYEE R > REZEWNE T (intron)
s - S E AR
b. EE¥ CAIFEA] o R A L RIAE T TEOH]
Softberry — FGENESH+
TiRG o YhSEE BLl R AN EC PRI A T PN

2. HERRGE - (RNA-seq) * EFFRNARYZSI - SR H (o] ERNAHAR B & > 305
JEHERE o (HEY DRI ERURAVEN A —E G e 7



Q ° EEARA —RAE RIBARE YT - 55 M IRZELN DA ORFHY 5 2T
iz f Eee e /AN RA B 7

aaacggctcatcgtcttaaaggcgtatttgccatgctaaatctggtacccggcaageagtta
tgtgaaacgctggaacatctgattcgtgagaaggatgticcaggaatagaaaaatacatc
agcgacattgacagttatgtcaagagctigctgtagcaaggtagcectattacatgaacaat
atgaacgtaattattgccgatgaccatccgatagtcttgticggtattcgcaaatcacttgag
caaattgagtgggtgaatgttgtcggcgaatttgaagactctacagcactgatcaacaacc
tgccgaaactggatgcegceatgtgttgattaccgatctctccatgectggegataagtacggce
gatggcattaccttaatcaagtacatcaagcgccatttcccaagectgtcgatcattgttctg
actatgaacaacaacccggcgattcttagtgcggtattggatctggatatcgaagggatcgt
gctgaaacaaggtgcaccgaccgatctgecgaaagcetctcgecgegetgcagaaaggga
agaaatttaccccggaaagcegtttctcgectgttggaaaaaatcagtgctggtggttacggt
gacaagcgtctctcgccaaaagagagtgaagttctgegectgtttgcggaaggcttectggt
gaccgagatcgctaaaaagctgaaccgcagtattaaaaccatcagtagccagaagaaat
ctgcgatgatgaagctgggtgtcgagaacgatatcgecctgectgaattatctctcttcagtg
accttaagtccggcagataaagactaatcacctgtaggccagat



Open reading frame(ORF): AN CE FPHEZE
- EREH et Z | E R F 5 HIDNA 5 EX
— —{XDNAFF|H B/ FE 0] fe E R B ENAEZE (reading frame)

- EREN . F3EmELS—E
- BRPUERA - S HIIR(ATG, Methionine) K 4% IEHE(TAA, TAG, TGA), B

ZHEIERNR - AT R —(E2H
—EHIERE R B @ B B EAAsR LTS - Il ERHIA TSR R
FEd

AAACCATGCTAAATCTGGTAGGCAAGCAGTTGTGAAAA

c - I W - A S S C E
G R O A V V K

v G K o L - K

Y A L L Q S F <-Frame4
P L C N H F <-Frame 5
<- Frame 6

Framel-> K P
Frame2-> N H A K S

Frame 3 ->

v M S F R T
F W A L D P L C A T T F



ORFFEH[EHE — translate tolls in Expasy

Expasy = Translate D 0 BRI

e
'ﬂ' Programmatic access §

Translate is a tool which allows the translation of a nucleotide (DNA/RNA) sequence to a protein sequence.

DNA or RNA sequence

RFFCHIF1

Output format

Verbose: Met, Stop, spaces between residues
© Compact: M, -, no spaces

Includes nucleotide sequence

Includes nucleotide sequence, no spaces

DNA strands
forward reverse

Genetic codes - See NCBI's genetic codes

. FRAGTEH]

reset




ORFFE M4

~5'3"' Frame 1

KRLIVLKAYLPC-IWYPASSYVKRWNI-FVRRMFQE-KNTSATLTVMSRACCSKVAYYMNNMNVIIADDHPIVLFGIRKSLEQIEWVNVVGEFEDSTAL
INNLPKLDAHVLITDLSMPGDKYGDGITLIKYIKRHFPSLSIIVLTMNNNPAILSAVLDLDIEGIVLKQGAPTDLPKALAALQKGKKFTPESVSRLLEK
ISAGGYGDKRLSPKESEVLRLFAEGFLVTEIAKKLNRSIKTISSQKKSAMMKLGVENDIALLNYLSSVTLSPADKD-SPVGQ

\

~5'3"' Frame 2

NGSSS-RRICHAKSGTRQAVM-NAGTSDS-EGCSRNRKIHQRH-QLCQELAVAR-PIT-TI-T-LLPMTIR-SCSVFANHLSKLSG-MLSANLKTLQH-
STTCRNWMRMC-LPISPCLAISTAMALP-SSTSSAISQACRSLE-L-TTTRRFLVRYWIWISKGSC-NKVHRPICRKLSPRCRKGRNLPRKAFLACWKK

SVLVVTVTSVSRQKRVKFCACLRKASW-PRSLKS-TAVLKPSVARRNLR--SWVSRTISPC-IISLQ-P-VRQIKTNHL-AR
\L

~5'3"' Frame 3

TAHRLKGVFAMLNLVPGKQLCETLEHLIREKDVPGIEKYISDIDSYVKSLL-QGSLLHEQYERNYCR-PSDSLVRYSQIT-AN-VGECCRRI-RLYSTD
QQPAETGCACVDYRSLHAWR-VRRWHYLNQVHQAPFPKPVDHCSDYEQQPGDS-CGIGSGYRRDRAETRCTDRSAESSRRAAEREEIYPGKRESPVGKN

QCWWLR-QASLAKRE-SSAPVCGRLPGDRDR-KAEPQY-NHQ-PEEICDDEAGCRERYRPAELSLEFSDLKSGR-RLITCRPD
\

~3'5' Frame 1

IWPTGD-SLSAGLKVTEER-FSRAISFSTPSFIIADFFWLLMVLILRESFLAISVTRKPSANRRRTSLSFGERRLSP-PPALIFSNRRETLSGVNEFFPF
CSAARAFGRSVGAPCFSTIPSISRSNTALRIAGLLFIVRTMIDRLGKWRLMYLIKVMPSPYLSPGMERSVINTCASSFGRLLISAVESSNSPTTFTHSI

CSSDLRIPNKTIGWSSAIITFILFM--ATLLQOQALDITVNVADVEFEFYSWNILLTNOMFQRFT-LLAGYQI-HGKYAFKTMSR
\.

~3'5' Frame 2

SGLQVISLYLPDLRSLKRDNSAGRYRSRHPASSSQISSGY-WF-YCGSAF-RSRSPGSLPQTGAELHSLLARDACHRNHQH-FFPTGEKRFPG-ISSLS
AARRELSADRSVHLVSARSLRYPDPIPH-ESPGCCS-SEQ-STGLGNGA-CT-LR-CHRRTYRQAWRDR-STHAHPVSAGC-SVL-SLOQIRRQHSPTQF

AQVICEYRTRLSDGHRQ-LRSYCSCNRLPCYSKLLT-LSMSIMYFSIPGTSFSRIRCSSVSHNCLPGTRESMANTPLRR-AV
\.

~3'5' Frame 3

LAYR-LVFICRT-GH-REIIQQGDIVLDTQLHHRRFLLATDGENTAVQLFSDLGHQEAFRKQAQNFTLEFWRETLVTVTTSTDFFQQARNAFRGKFLPFL
ORGESFRQIGRCTLFQHDPFDIQIQYRTKNRRVVVHSQNNDRQAWEMALDVLD-GNAIAVLIARHGEIGNQHMRIQFROQVVDQCCRVFKFADNIHPLNL
LK-FANTEQDYRMVIGNNYVHIVHVIGYLATASS-HNCQCR-CIFLFLEHPSHESDVPAFHITACRVPDLAWQIRL-DDEPF

\




FHE FNE R ETE R TEH

- EERAYEREFNE T BEHUEZEMERNSBENS T » KEHILORF
finderf 77 N FERI » AL AT LA K13 H S RNARFIE 1 TTE R

« ] - NEERSERER R 1120 bp, EHEFY] 110 a.a.

ATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGACCCAGCCGCAGCCTTTGTGAACCAAC
ACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTACCTAGTGTGCGGGGAACGAGGCTTCTTCTACACACCCAAGACCCGCLGGG
AGGCAGAGGACCTGCAGGGTGAGCCAACTGCCCATTGCTGCCCCTGGCCGCCCCCAGCCACCCCCTGLTCCTGGLGLTCCCACC
CAGCATGGGCAGAAGGGGGCAGGAGGCTGCCACCCAGCAGGGGGTCAGGTGCACTTTTTTAAAAAGAAGTTCTCTTGGTCACG
TCCTAAAAGTGACCAGCTCCCTGTGGCCCAGTCAGAATCTCAGCCTGAGGACGGTGTTGGCTTCGGCAGCCCCGAGATACATCA
GAGGGTGGGCACGCTCCTCCCTCCACTCGCCCCTCAAACAAATGCCCCGCAGCCCATTTCTCCACCCTCATTTGATGACCGCAGAT
TCAAGTGTTTTGTTAAGTAAAGTCCTGGGTGACCTGGGGTCACAGGGTGCCCCACGCTGCCTGCCTCTGGGCGAACACCCCATCA
CGCCCGGAGGAGGGCGTGGCTGCCTGCCTGAGTGGGCCAGACCCCTGTCGCCAGGCCTCACGGCAGCTCCATAGTCAGGAGAT
GGGGAAGATGCTGGGGACAGGCCCTGGGGAGAAGTACTGGGATCACCTGTTCAGGCTCCCACTGTGACGCTGCCCCGGGGLG
GGGGAAGGAGGTGGGACATGTGGGCGTTGGGGCCTGTAGGTCCACACCCAGTGTGGGTGACCCTCCCTCTAACCTGGGTCCAG
CCCGGCTGGAGATGGGTGGGAGTGCGACCTAGGGCTGGCGGGCAGGCGGGCACTGTGTCTCCCTGACTGTGTCCTCCTGTGTC
CCTCTGCCTCGCCGCTGTTCCGGAACCTGCTCTGCGCGGCACGTCCTGGCAGTGGGGCAGGTGGAGCTGGGCGGGGGCLCTGG
TGCAGGCAGCCTGCAGCCCTTGGCCCTGGAGGGGTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTACCAGCATCTGCTC
CCTCTACCAGCTGGAGAACTACTGCAACTAG

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAEDLQVGQVE
LGGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN




4 LIORFIEAIGS THAI A SRR S R E A - oA a2 AN R B

~5'3"' Frame 1 N
MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAEDLOQGEPTAHCCPWPPPATPCSWRSHPAWAEGGRRLPPSRGSGALF-KEVLL
VTS-K-PAPCGPVRISA-GRCWLRQPRDTSEGGHAPPSTRPSNKCPAAHFSTLI--PQIQVFC-VKSWVTWGHRVPHAACLWANTPSRPEEGVAACLSGPDPCRQASRQL
HSQEMGKMLGTGPGEKYWDHLFRLPL-RCPGAGEGGGTCGRWGL-VHTQCG-PSL-PGSSPAGDGWECDLGLAGRRALCLPDCVLLCPSASPLFRNLLCAARPGSGAGGA
GRGPWCRQPAALGPGGVPAEAWHCGTMLYQHLLPLPAGELLQL

\.
~5'3"' Frame 2 ~N
WPCGCASCPCWRCWPSGDLTQPQPL-TNTCAAHTWWKLST-CAGNEASSTHPRPAGRQRTCRVSQLPIAAPGRPQPPPAPGAPTQHGQKGAGGCHPAGGQVHFFKKKESW
SRPKSDQLPVAQSESQPEDGVGFGSPEIHQRVGTLLPPLAPQTNAPQPISPPSFDDRRFKCFVK-SPG-PGVTGCPTLPASGRTPHHARRRAWLPA-VGQTPVARPHGSS
IVRRWGRCWGQALGRSTGITCSGSHCDAAPGRGKEVGHVGVGACRSTPSVGDPPSNLGPARLEMGGSAT-GWRAGGHCVSLTVSSCVPLPRRCSGTCSARHVLAVGQVEL

GGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN-
\. Wy,

~5'3"' Frame 3 N
GPVDAPPAPAGAAGPLGT-PSRSLCEPTPVRLTPGGSSLPSVRGTRLLLHTQDPPGGRGPAG-ANCPLLPLAAPSHPLLLALPPSMGRRGQEAATQQGVRCTFLKRSSLG
HVLKVTSSLWPSQNLSLRTVLASAAPRYIRGWARSSLHSPLKQMPRSPFLHPHLMTADSSVLLSKVLGDLGSQGAPRCLPLGEHPITPGGGRGCLPEWARPLSPGLTAAP
-SGDGEDAGDRPWGEVLGSPVQAPTVTLPRGGGRRWDMWALGPVGPHPVWVTLPLTWVQPGWRWVGVRPRAGGQAGTVSP-LCPPVSLCLAAVPEPALRGT SWQWGRWSW

AGALVQAACSPWPWRGPCRSVALWNNAVPASAPSTSWRTTAT
\L J

~3'5' Frame 1 N
LVAVVLQLVEGADAGTALFHNATLLQGPLOGQGLQAACTRAPAQLHLPHCQDVPRRAGSGTAARQRDTGGHSQGDTVPACPPALGRTPTHLQPGWTQVRGRVTHTGCGPT
GPNAHMSHLLPPPRGSVTVGA-TGDPSTSPQGLSPASSPSPDYGAAVRPGDRGLAHSGRQPRPPPGVMGCSPRGRQRGAPCDPRSPRTLLNKTLESAVIK-GWRNGLRGI
CLRGEWREERAHPLMYLGAAEANTVLRLRF-LGHRELVTFRT-PRELLFKKVHLTPCWVAASCPLLPMLGGSARSRGWLGAARGSNGQLAHPAGPLPPGGSWVCRRSLVP

RTLGRELPPGVSRTGVGSQRLRLGQVPRGPAAPAGAGGASTGP
\_ J

~3'5' Frame 2
-LQ-FSSW-REQMLVQHCSTMPRFCRDPSRAKGCRLPAPGPPPSSTCPTARTCRAEQVPEQRRGRGTQEDTVRETQCPPARQP-VALPPISSRAGPRLEGGSPTLGVDLQ
APTPTCPTSFPRPGAASQWEPEQVIPVLLPRACPQHLPHLLTMELP-GLATGVWPTQAGSHALLRA-WGVRPEAGSVGHPVTPGHPGLYLTKHLNLRS SNEGGEMGCGAF
V-GASGGRSVPTL-CISGLPKPTPSSG-DSDWATGSWSLLGRDQENFFLKKCT-PPAGWQPPAPFCPCWVGAPGAGGGWGRPGAAMGSWLTLQVLCLPAGLGCVEEASFP

AH-VESFHQV-AAQVLVHKGCGWVRSPEGQQRQQOGQEAHPQGH
\. J

~3'5' Frame 3 N
SCSSSPAGRGSRCWYSIVPQCHASAGTPPGPRAAGCLHQGPRPAPPAPLPGRAAQSRFRNSGEAEGHRRTQSGRHSARLPASPRSHSHPSPAGLDPG-REGHPHWVWTYR
PQRPHVPPPSPAPGQRHSGSLNR-SQYFSPGPVPSIFPIS-LWSCREAWRQGSGPLRQAATPSSGRDGVFAQRQAAWGTL-PQVTQDEFT-QNT-ICGHQMRVEKWAAGHL
FEGRVEGGACPPSDVSRGCRSQHRPQAEILTGPQGAGHF-DVTKRTSF-KSAPDPLLGGSLLPPSAHAGWERQEQGVAGGGQGQQWAVGSPCRSSASRRVLGV-KKPRSP
HTR-RASTRCEPHRCWFTKAAAGSGPQRASSASRGRRRIHRA




FGENESH+ of Sofeberry

FIFAC MEHFIEARMEREFFIETER TR

Run Programs Online ~

Home Services Test Online

Gene finding in Eukaryota

FGENESH+
Gene finding with similarity
Reference: Solovyev V\V. (2007) Statistical approaches in Eukaryotic gene prediction. In Handbook of Statistical genetics (eds.

Operon and Gene Finding in Balding D., Cannings C., Bishop M.), Wiley-Interscience; 3d edition, 1616 p.
Bacteria

HMM plus similar protein-based gene prediction

V= N ﬁ
Gene Finding in Viral Genomes Paste nucleotide sequence here: T—ﬁ‘%ﬁ/ﬂ”i
ATGTGGGGGTGAGCCCAGGGGCCCCAAGGCAGGGCACCTGGCCTTCAGCCTGCCTCAGCCCTGCCTG / Z H F?_; §[J
W

Next Generation

Alignment (sequences and
genomes)

Genome Visualization tools Alternatively, load a local file with sequence in Fasta format:

Local file name:

Search for promoters/functional %k
PO Browse... Nofileselected. j\fﬁﬁ%%%‘%

) N Paste protein sequence here: / j_\E E F?g”

B =L MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFEYTPKTRREAEDLQVGQVELGG =5
GPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN| 4

Protein Location 2.
Alternatively, load a local file with sequence in Fasta format:

RNA structures
Local file name:

Protein structure Browse... Nofileselected.

Pathway prediction " . " i g i
y p Select organism specific gene-finding parameters: Total 539 genome-specific parameters are available for

genefinders of FGENESH suite
Protein/DNA 3D-Visual Works

Human ( Homo sapiens) v

Manipulations with sequences search Reset



FGENESH+FEAIFE R

YNET1 YN T2

AN

G Str Feature Start End Score ORF
1 + 1 CDSf 1 - 187 286.95 1 - 186
1 + 2 CDS1 975 - 1120 172.67 977 - 1120

Predicted protein(s):

>FGENESH: [mRNA] 1 2 exon (s) 1 - 1120 333 bp, chain +
ATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGAC
CCAGCCGCAGCCTTTGTGAACCAACACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTAC
CTAGTGTGCGGGGAACGAGGCTTCTTCTACACACCCAAGACCCGCCGGGAGGCAGAGGAC
CTGCAGGTGGGGCAGGTGGAGCTGGGCGGGGGCCCTGGTGCAGGCAGCCTGCAGCCCTTG
GCCCTGGAGGGGTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTACCAGCATCTGC
TCCCTCTACCAGCTGGAGAACTACTGCAACTAG

>FGENESH: 1 2 exon (s) 1 - 1120 110 aa, chain +
MATLWMRLLPLLATLLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAED
LOVGOQVELGGGPGAGSLOPLALEGSLOQKRGIVEQCCTSICSLYQLENYCN

Len
186 1 62 100
144 64 111 100
4hioe © RNA FR3|
Gk - HEHE Y




AFRSREARFY 1120 bp YT NET

ACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTACCTAGTGTGCGGGGAACGAGGCTTCTTCTACACACZCAAGACCCGCLGGG

ATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGACCCAGCCG CA;O&'T TGTGAACCAAC
AGGCAGAGGACCTGCAGG

TGGGGCAGGTGGAGCTGGGCGGGGGCLLCTGG
TGCAGGCAGCCTGCAGCCCTTGGCCCTGGAGGGGTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTACCAGCATCTGCTC
CCTCTACCAGCTGGAGAACTACTGCAACTAG

AJERE S Z=RNAFES 333 bp HNEET-2

ATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGACCCAGCCGCAGCCTTTGTGAACCAAC
ACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTACCTAGTGTGCGGGGAACGAGGCTTCTTCTACACACCCAAGACCCGCCGGG
AGGCAGAGGACCTGCAGGTGGGGCAGGTGGAGCTGGGCGGGGGCCCTGGTGCAGGCAGCCTGCAGCCCTTGGCCCTGGAGG
GGTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTACCAGCATCTGC TCCCTCTACCAGCTGGAGAACTACTGCAACTAG

ABBRSRELEFS 110 bp

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAEDLQVGQVE
LGGGPGAGSLQPLALEGSLOKRGIVEQCCTSICSLYQLENYCN
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Bk £ (RNA-seq)
HITEURNA > BB EEREDNATLL Tk N A B > e > WESIERA S S

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

) W/)/*W”' —

Condltlon 1 Condition 2 %WW\N\/WV\NM . . - B
(e.g. tumor) (e.g. normal) - . . n o

Poly(A) tail l

Map to genome, transcriptome,
and predicted exon junctions

Intron pre-mRNA
Exon Unsequenced RNA RNA reads

Transcript fl] ) y e f— f— -
Shortreads =—f—=——==—" e W =
—— e —— —_— ; L | u

Short reads Short insert
split by intron

100s of millions of paired reads
l 10s of billions bases of sequence

Downstream analysis



NCBI Genome Data viewer

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

L ]
G e nom e D ata VI ewe r than 540 eukaryotic RefSeq genome assemblies. €

Select organism

Homo sapiens (human) genome

fHomo sapiens (human)

Search within
) selected assembly
Searchin genomeé

Location, gene or phenotype
human

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

7

Enter common or
scientific names to
find more organisms

fruit fly

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

10 111213141516 17 18 19 20 21 22

EE Essaaaasgé

AN T




Homo sapiens (human) genome "Rﬂ

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 %
AQP3 Chr9: 33.44M - 33.45M
AQPS5 Chr12: 49.96M - 49.97M
AQP9 Chr15: 58.14M - 58.19M <S—
AQPS Chr16: 25.22M - 25.23M result

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

Assembly

GRCh38.p12 v




location: 7p14.3 Transcript ID Curre.nt position
(cytological map) (physical map)

Chromosome 7

- Homo sapiens: GRCh38.p12 (GCF_000001405.38) cnn(nc ooouor14) 30,910,312 - 30,926,899
Genome Data Xiewer el

~ Ideogram View b2 21 P53 PIEQPE  pI3 pl2 g2 a0l qu21  qn23 q211 q2|.2 q22 @ @13 432 433 933 435 36
- Unplacea/uniocalzea scamoigs: BN
Alt loci/patches: 401 1 r 1 Y 1 1 am 1 T n
1 2 3 &4 5 6 (7|8 TGt sV )
‘AEER | Begonv Ao [ wemwserss B
B8 = Lo, 2l : S
=1=
= - I - . — ~
“IER=H : & = ncoooo7aa- O oy | G 19 @ Ak = = A Tools - | £ Tracks + P D -
o == ek NS (SR, PRNEK . PRUAK S st e |30.526
P

4 Genes, NCBI| Homo sapiens Annotation Release 109, 2018..04] i ®
13 14 15 17 18 19 20 21 22 X

feEgggessegs | T <O ST e—

Gene structure

~ Search Genes, Engembl release 93 ; %

O aquaporin o 0e240583 . | 55:; = e ) S ! ) ;

Enter a location, gene name or phenotype

Location i 2 > 2 #-—f4—— ensPenaen4213152
; i i i i x
AQP4 Chr18: 26,852,038 - 26,865,803 dbSNF Build lﬁ:l (Homo sapiens Annotation Release 108) all data
S e RN T R TAR T DR A TR BN R R s D RSN R RN R R SRR T e e e AN UET BT O T 10 e EEE M RO SR SR ] T EINEE T ]
AQP1 Chr7: 30,911,694 - 30,925,517 Cited Varlant'_f’:, dbSNP Build 150 (Homo sapiens Annotat.pli i x
AQP2 Chr12: 49,950,741 - 49,958,881 1{1 2 1 1 1 1 1
AQP3 Chrg: 33,441,154 - 33,447 633 RNA-seq exol Qoverage, aggregate (filtered), NCBI Home sapiens Annotation Release 103 - log base Z scaled

10417
poni O e v — —_-.I.I-_._..
AQP9 Chr15: 58,138,169 - 58,185,911

RNA-seqg ;mt*ori spanning reads, agygregate (filtered), NCBI Homo sapiens Annctation Release 109 = log
AQP8 Chr16: 25,216,017 - 25,228,932

e . — Sl isess

Search result
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Metagenomics — f5 4= ¥ E AT
Epigenomics — DNA FHE L4534

e a

A

THE

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

controls (n=1,000)

people without heart disease

cases

controls

SNP (B — 1% E R
% B%)

GWASH7




GWAS (& E R BB 2 17)

Genome-wide association study
A AEEERAPH LR R AR EE
Eﬁi%tﬁi&f LA A EIMARRIER: 2 RV E RS ARG 22 42 - A
P52 MR EAEBERKIEE A
M EHERG E E TR BEZE R AR
2HERZHER =2 GWASSTHT = SNP candidate 2> E[RIHEETHT

B2 . EREE-
1 ! Eoe I
42fir o | P RRIEH
(;h 6Chr70m%so(!m(1-30 ‘ 12!&%1"6 18 20gi2
4311

ShiRE-
FLIATRYP1

12.1 1é4 127
Positio

chromosome 9 (Mb)



Thanks for your attention



