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Genetic linkage between Huntington's disease and the DNA polymorphism G8
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Molecular markers

* DNA polymorphisms are the different DNA sequences among
individuals, groups, or populations and can serves as a
molecular marker for its own location in the chromosome,
including SNP, satellites DNA, DNA insertion or DNA deletion
and transposon, etc.

* Method to detect molecular markers

- Morphological

- Biochemical
enzyme activity detection

- Molecular (PCR or hybridization)
SNP (single nucleotide polymorphism)
Satellite DNA
AFLP (amplified fragment length polymorphism)
RFLP (restriction fragment length polymorphism)
RAPD (random amplified polymorphic DNA)



Single nucleotide polymorphism (SNP)

e detected by
- sequencing
- SSCP (Single-strand conformation polymorphism)
- DHPLC
- DNase cel digestion




SSCP (Single-strand conformation polymorphism)

* SSCP is the electrophoretic separation of single stranded nucleic acids
based on subtle difference in sequence (often a single base pair) which
results in a different secondary structure and a measurable difference

in mobility through a gel.
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Denaturing high performance liquid chromatography (DHPLC)

wildtype mutant heteroduplexes homoduplexes chromatogram
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Satellite DNA

Satellite DNA
- noncoding repetitive DNA which are tandem repeats ( >= 5 times)
- microsatellites (1-9 bp repeats) °
detected by PCR
- minisatellites (10-100 bp repeats) -
detected by Southern hybridization
- marcosatellites (> 100 bp repeats)
detected by Southern hybridization

..ATATATATATAT... .
Microsatellites (1-9 bp) Minisatellites (10-100 bp) Macrosatellites ( >100bp)

F s .



Detection of satellite DNA by PCR

By PCR
- microsatellite

By Southern hybridization
- minisatellite
- marcosatellites

Individual A
% <_
primer F primer R
Individual B
é h
primer F primer R
l PCR

Analyzed by agarose gel or polyacrylamide page




Detection of satellite DNA by Southern hybridization

Restriction EZ

Individual A
‘1' y minisatellite |
‘1’ ‘l' minisatellite Il
Individual B
‘1' ‘l' minisatellite |
‘1' ‘1' minisatellite Il
9
probe
digested with restriction enzyme

Southern blotting

1. separated with agarose gel
2. detected with probe

minisatellite | —
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RFLP (restriction fragment length polymorphism)

Genomic DNA
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Example of RFLP ‘ \

Diagnostic of Sickle Cell Disease/Trait vl

red blood cell cell

HbA CCT GAG GAG

Pro Glu Glu
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1.15 kb '
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probe doesn’t hybridize to the 0.2 kb Mstll fragment



AFLP (amplified fragment length polymorphism)

 Amplified fragment-length polymorphism (AFLP) is a DNA fingerprinting method that
employs restriction enzyme digestion of DNA followed by selective amplification of a
subset of fragments and separation by electrophoresis on a polyacrylamide gel.

Total genomic DNA

(1) Restriction digestion *
| S E L
(2) Adapter ligation *
(3) Preampilification e * X
_,N
| Franamn
(4) Selective amplification " V

NNN «—

(5) Gel electrophoresis




RAPD (random amplified polymorphic DNA)

 The DNA are amplified by several arbitrary, short primers (8—12 nucleotides).

smple A sample B
Fa F1 — F— F1 —
| N — e — L —_—
\ PCR amplification
I — Ty

\3el electrophoresis

Primers of RAPD

Sequence

5’-CAGGCCCTTC-3’

5’-TGCCGAGCTG-3’

- 5’-AGTCAGCCAC-3’

e 5-AATCGGGCTG-3’

5’-AGGGGTCTTG-3’

5’-GGTCCCTGAC-3’

5’-GAAACGGGTG-3’

5’-GTGACGTAGG-3’

5’-GGGTAACGCC-3’

5’-GTGATCGCAG-3’




Detection of molecular markers

SNP (single nucleotide polymorphism)
- by OCR, SSCP, DHPLC, DNase cel digestion
Microsatellites
- by PCR (microsatellite,
- by Southern blot (minisatellite)
RFLP (restriction fragment length polymorphism)
- restriction enzyme, Southern blot
AFLP (amplified fragment length polymorphism)
- restriction enzyme, PCR
RAPD (random amplified polymorphic DNA)
- PCR



Positional cloning (map-based cloning)

Gene mapping Gene identification
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FLRI4H 22 (Genomics)
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Human genome project
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NEEER4HETE]/Human genome project (HGP)
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FESER AN

« EEfir(bp / base pair)
1bp=1bp, 1kb=1,000bp, 1MB =1,000,000 bp,
1GB = 1,000,000,000 bp

« ERHA/N

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
'y ’/___'
7, |
Common Name %
Z
Virus Bacteria Nematode Fruit fly Human Ameoba
AR EH 3 4288 19,000 13,600  ~ 20,000 ?

FNEH

C{H##E(C-value enigma): ZEVIRICHE (ERZHAVIN) WA B A VIR FERE FEAHRBHAYER 52
G{H#E(G-value paradox) : EVIHIGIE (ERNEE ) A BAYEHR S HEIRTER R
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https://www.quora.com/How-does-having-an-extra-chromosome-
cause-Down-syndrome
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Genome map (E:HN4H [E&HE)
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Chromosome recombination (2
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Genome map (E:HN4H [E&HE)

Cytogenetic map: EHHFY R EIM 2K » QAL - PAEIRE] 57
Genetic map: EEIE% ETHEIMAR o BEA7cM (centimorgan)
Physical map : HHFYIEF 2K, B fizbp
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Shotgun sequencing approach

(BHEIEE /R

Genomic DNA %
Generate many
short fragments
which are cloned

O

O

O

Sequence each
clone

TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence
by aligning and
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA

i

Hierarchical sequencing approach

(FEJE=E %)

A

Genomic DNA
Generate long fragments
and BAC clone library, which
are ordered to form a
complete physical map.
[———] =] |SSie—F—]
[——— [———i] [———— ———
Generate a sub-
f clone library from
each BAC clone.
ooooo ooooo ooooo ooooo
ooooo ooooao oOooon oooono
oooo oooo oooo oooo
Sequence each
subclone
TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence
by aligning and
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA
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Hierarchical sequencing approach ([&)

Hierarchical Sequencing Approach
Genomic DNA

Generate long fragments  DUJE ~ (L2251 22544 DNA
l and BAC clone library, which

are ordered to form a FTER ~ 150-300 Kb, i 31F YAC

U5 BACLLFISH T (37 17 L (i complete physical map. or BAC
— E [=————]
=== | re====| | E—] =
Generate a sub-
% l l l clone library from
each BAC clone.
RS TR YRR TR BAC(1S0kb) F B3I
B (plasmid, 2 kb)
\ o [ Seqguence each
PlsangeriE 7B FaDNA l e
TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT
Assemble sequence [[4H A&
by aligning and REdlHEE=
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA
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QISR {EBACH] K5 150kb, £ i3 A JH
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DNA EAS

15 % 4l

N LB (HAC) 6000 - 10000 Kb human cell
R} A e e (YAC) 100 - 3000 kb Yeast
U Ao L2 (BAC) 150 ~ 350 kb E. Coli
S B L (PAC) 100- 300 kb E. Coli
FE R (Cosmid, W F ad e /g 2 E5H) 35-45 kb E. Coli
"G R (plasmid) <= 15kb E. Coli

WRD—EHEEZFETE - AREREEE (3,200,000 kb) 752
320 HAC
1,066 YAC
9,142 BAC
10,666 PAC
71,111 Cosmid
213,333 plasmid

B A REHEA K e E &R L
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¥ { Yeast Artificial Chromosome
9 cEN ori(yease)“w
T ori (bac) %
=N
: “ln__-_Msc
>
hy e
Ori(yeast)
CEN ‘
Ori( bacteria) _ & M-«;ul an Ortyenst) =
D Selectable markers(yeast) By —— Sctable marbertyast) T

Selectable markers(bacteria)

m\ TEL U
/ -
BamH BamH |

Capacity: 100 -3,000 kb

Ori(bacteria)  cen

Selectable markers{bacteria)

AIMTALSIATSS AL ALY PSSP ST ATSLASASAS

Upta I mb

Orifyeast)
S N N Y A B>

Selectable markers(yeast) TEL

TEL: telomere

CEN: centromere

MSC: multiple cloning site
Ori: origin of replication
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BMC Genomics 2011, 12:639
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Inverse PCR (5z [2]PCR)

© ARG A EI30kb  HIRE > fEPRMARIK o KA S EHEASME] ~ 2 kb

« FNEZADNAF B B Al > SEAECETT I © 5l F HEERG T EEEE 7
o HHYBIEMNBACEHT A » DAI#ETTFISHELBAC library screening

G913 PR T

N,

F:NEHDNAS Ez(<1 kb)

[RAIEEE A
> é

Rl E

| BIF
L R4AHDNAK E3(150kb) /

PCR
’ <€

BAC I BiFF%1](< 2 kb)




Colony hybridization (B 3% ZE%C)

o« ERFH A FACDNA RIS LR ST (orobe, R RS DNA)GE &

+ BV A= am R e RS InvE:®

+ BEEE 2 HIERCEMER > iR TRCAAE L EDNASEME SRS
FEE -> FRER A

d isc of absarbent paper

Joss
Hig
INCUBATE WITH PROBE
AND WESH
C@Q O colonies containing
-3 plasmids of
" ' interest
E.coli . ! "
radicactively \"‘H—Hq__.-— EXPOSE PAPER TO

labeled ONA probe 2 |=-+-|c:|1'r::|:3 RAFPHIC FILM

'“.-."'il &
I:rl:l-un dio
3

patn dish with
colenies of bactera
cortaining
recombinant plasmids

."-: .
pasition of desired
colenies directed by
auloradiography

LY SE BACTERIA
PEEL PAPER FROM DISH TO DEMATURE DNA

PRODUCE REPLICA OF
COLONIES
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=GR FESFISH (Fluorescence in situ hybridization)

o TR A B HG DNA B A1 B E R T (probe, EEAEDNA)SE &
- BV EHEE BERIEIERE LT E
- MALEERI A > PformamideF L ifgiEv: > AR E RS HE S > AR B 22

B ~13.5¢cM
/

L 96cM
. s
— ...- 6.9 cM

Cent—/ (—2.0 cM

SN—0.0cM

r58.4 cM < \

| ~712¢M
/

58.4 cM —/ —726cM

/ 71.2 cM—
L 83.7¢M

BMC Genomics201112:639




Sanger sequencing

FEHE

A TE dANTP(EERR S84
*}%‘a’%}%iwﬁﬁOH%)@PCR}im?
FE R 500-1200 bp

4 » PCR (+ one dideoxynucleotide)

ool

ddTTP

ddATP

4

ddGTP  ddCTP

DMNA sequence

B BB BB R B B
i

EE R R b

B E E R EEEE

ETGAA e of

l & A A i B

B I B B B

b
-

3] 7] @ a1 o [y
o
—

2

HEE, T

deoxynucleotide (dNTP) g,

o o0
Ho—g—o—g—o—P—o </ | )

| | |
OH OH OH \?

dideoxynucleotide (ddNTP)  nH,

0o 0
HO*II'-l‘*C)*II:!*O*P* </ )

| | | ]
OH OH OH

Use a
seqguencing
machine G A
T
Separate
with a gel

TGA,&GC-T
1111lil
G Cc

|

=

ERFFY

3
€ 5
517

l

PCR

l

BORE > et
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8 E 7/ (Shotgun sequencing approach)

Shotgun Sequencing Approach

FLN4HDNA
Genomic DNA

/ ooy LR - [LER e A
which are cloned DNA?T%}T ~500 bp

000000000000 000000000n
OO000O000000000000O0000O00O
O0O000O0000000O000000O000O000O
Sequence each
e )y N
l clone Sanger B A EF
TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence

by aligning and %\gﬁ}j?§”\gﬂ%ﬂé

removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA



DNAZE % (DNA sequencing)

« (B4 E 7% Sanger sequencing
— EREFF&E ~ 500bp - 1 kb
— 20 _E 4 96 samples
— 19774350

* Next generation sequencing (X tHAXE 7, NGS)

- Y ARFRBE 178l (Massive parallel sequencing)

-~ 100 - 500 bp /read (K€ FFZ g4 [F])

- B EHERTIELRS > 100 GbE Rl =

- NEAEFT-AE - H FiPlilluminalEa 38 HYSBSH T A 1R
(20065F-2%HH)

-] N RIS - EprEE - ANP R L RIREMEYIER




SBS (sequencing by synthesis)

2.Genomic DNAFT B F& 45 ~500 bp, i ##_adapter
SONAEMEEA 2 HL [T ERFE

5|FHFY FfRiEadapterss st

\-Il—' ‘-Il—'

Sequencing Technology Overview

1. Pre are enomlc DNA sample 2 Attach DNA to surface
ndomly fr nt genomic DNA and Bind single stranded fragments
1 g ate ada plcrs to hnlh ends of the randomly to the inside surface of the
fragments flow cell channels.
2 a% Adapter
e ‘mg::aq
o ::::5“ "‘**’9,‘* DNA fragment
N R
N W
7 "m..,,% b
|
o .
N DA G‘%a::ﬁa 'i ii [ Dense lawn
\ = ii !i of prim
~— 22 88
828 3
Adapters
i
f”’f % % || >
¥ 4 &
N4 111 %t
7 % H
"‘ijﬁ .n"ﬁ::.} ﬁ; i3 Add sampleto ™
/“ o %" 3 flowcell
f 4 ’,,: e & i




SBS

* FMASITHETPCR » B HYRRRY YR il R R

o Bridge amplification

Add unlabeled
nucleotides and
enzyme to initiate
solid-phase bridge
amplification.
o

Sequencing Technology Overview

of ——r
Attached Free
erminus terminus

Fragments become
double stranded




o RHERIRYVEERSE M RS o WEEPCRAER > R HIBH R LL2 TR
o HEHRYH B R RE PR

Sequencing Technology Overview

' £ | Completion of amplification
Denature the double stranded O oo nglmm' okt s nining o8

clusters of double stranded DNA are
generated in each channel of
the flow cell

=~ 1 molecules

Attached




SBS — R IEARHIAZL E IR

« SBSPT{H AL HIE Bk E - R AR » Aot EH R EREE
o IZE R AbRE 3 _ AT A W N A (allyl group), O] {EPCREZ S A AETT
o EEOEL R FUIRE VR A P ES o] DASE (pd) sz FEAF HAZ R » (HPCRIZ FE4ELE

o) o)
H
ZN.g-N / y HJ\O/\H/\/NYH?HJLO—Qf CH=CH
= o/ I
HN |

0 H
NH N
0. 0. _0__O (o] N HaN \N N
$o o "\Yy 0. 0,500\
3'-0-allyl-dCTP-allyl-Bodipy-FL-510 e o o "
O i Omlly yl-Bodipy godode T 3'.0-allyl-dGTP-allyl-Bodipy-650
X
//\\ f/\\‘
" N O 2N
sl oM O\/\\‘//N)f\/cH3 \v/\\l\\;)\v//’)\/}
HsC 7N NcH, 5 s B0
H
§ _— co, y )Lo N\n)\J
. )]\ H e | NH2 / N /\n/\/ 1
Y H 0/\n/\/ .

HN o B

A I 0. 0. _O. O NN
ol O N N o r Ve oV
°?P\’°‘,P\’°‘,P\’°_\Ty St od \0_\5

0 00 00 O ’ 3'-0-allyl-dATP-allyl-ROX
Ohe e 3'-0O-allyl-dUTP-allyl-R6G RN

WR




SBS — PCR [ JiE k7 a1 aE AN

PCRIZ JiEE PCREZJIE PCRIZJIE
ae RN A R s RIS

sER e ° sCR e ? sCR )



TTTTTTTGT ...

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

illumina
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Genome assembly (F R

4H,

FyldHER)

TE iy HARFPAI Ry ~500 bp - F X M imsg HL 150 bp > 155E5E /N et 2 fyread

B 5B T RIS Ry AR E o &R 3k

B — B _Ee&r A —{fkread » B8 B FRI4H 45 IE R
HERFH R A A EEFSII R BRI RE e R NG F— (L &

Paired-End Reads Alignment to the Reference Sequence



TE F-4H 25 (assembly) Y EEZR

NFEELIRZH 3G (30 Bl EL) - (Ee% & PiF R A EERE 150 bp » HPEEE/D
HE2E HEfkreads - EFEEEM > II2/DE—T " HEFreads A BT EE
R4 -

PR PP Y AR A0 [E — SR/ NHrE > AEE S E B R SE B R G 2
HZ A tie A E A EE IR RO 2 REE ZLE -
-~ > R ORI Ry KR B ISR R Bed A (oG Al — Ednkif 2K




A RSB e L

I B

IS ] £
Ay 4% %
AT 4% %
7S i I (gap) X /N

© BB EYREIE R FUE P R o AIE R EYEENHSFE R o NIEE

YRR U % ] DU S kS heA FE DA s -
« ERIEA A SI9RE 321,000 71 BT T 52 E AR
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-y

Jhe entire human genome. Cnf}dlwut a donb.

Francis S. Collins J. Craig Venter
Bill Clintor

More science uotes at Today in Science History todayinsci.com

Lo



NFBE R 5701

Protein-coding genes 9|\ ?\%E\ % 2% E = -L% E%
2% E .

LINEs Introns

20% G /// 26%

He e £ NEF 26%

44%

SINEs
13%
JFERBENER
LTR retro-transposons —" Misc. umq::;:%sequences
8%
N\ :
\ Misc. heterochromatin
DNA Segmental 8% @
transposons duplications -7 7K
3% Simple 5%
sequence

3%-/5%5—%



What portion of
genes do humans
share with...?

Chinpanzee 96% FR
Mmeage 89%

* the portion of the hurman genome that containg a unique ertholog in the comparison specics, congidering
only protein coding genes

* calculared using omadb, a python vrapper for che OM4 dacabase

* inspircd by Natasha Glover's blog post "L'hc Binana Conjecture’

Posted in r/genetics @ reddit



TE 12 HIkEx — AN

bl

i

Q: NFFANIZHSY3.2G » 575 %720,000-25,0001E & 1 E AN » W1R DAER{E RN
PR REL0 kb 5L FJERiE EE AL NQ (L AL R4 8% (250,000 kb)  HRFEEHAM ZE 40 Al
EERINLE ?

1. #5%AG E 7 (RNA-seq) © TEFFRNAIYFRSI » R H S e R NGB L & > 5477
FEHENE - (HENM IR BRURAVE N A —E G HUE 7

2. FRES TR - HARIRNEVFEFE TEH - W5 H 27 BRI ey i AE i
a. ORF finder: =L A EE R HEZE
HIFZAEYRCEH - R A2 BN & T (intron)
G - S E AR
b. EE¥ IR > WER A AR TTEH]
Softberry — FGENESH+

il ¢ SR SR N AR R A T TROH



HE SR AS C 7 (RNA-seq)
HIEZRNA > BIEEERSDNATG AR/ N S > B > B RN AR B i &

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

?)))/awq. e e

Condltlon 1 Condition 2 AAAAAANANAANAAAA - . & .
(e.g. tumor) (e.g. normal) - — [ —

Poly(A) tail l

Map to genome, transcriptome,
and predicted exon junctions

Intron  pre-mRNA |
\P 3 Exon 8 Unsequenced RNA RNA reads
: » n I:l\l n | —— | li X | |
I

Transcript fl] ) v el = N =

= — e
Short reads == " i I
e == T =

Short reads Short insert
split by intron

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

Downstream analysis



i

NIEE N4 BN R

Long ncRNA genes
(13,333)
Y o -
Sense introni
Small ncRNA genes / ';;:R:J;?‘\

(9,078) (674)

LincRNAs
Other IncRNA

MicroRNAs
(3,086)



ORFTEH|EHE — translate tolls in Expasy

E )( pa Sy S Translate Home | Contact

£x

ﬁ Programmatic access §

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

DNA or RNA sequence

(Sacv sl

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

: A TH A

reset




Q : EE A — R B KGR R FPYIA T 55 B IR0 DLEg i ORFAY T =(TH
ez F Bt am RN AR ?

aaacggctcatcgtcttaaaggcegtatttgeccatgctaaatctggtacccggcaageagttat
gtgaaacgctggaacatctgattcgtgagaaggatgttccaggaatagaaaaatacatcag
cgacattgacagttatgtcaagagcttgctgtagcaaggtagcctattacatgaacaatatg
aacgtaattattgccgatgaccatccgatagtcttgttcggtattcgcaaatcacttgageaa
attgagtgggtgaatgttgtcggcgaatttgaagactctacagcactgatcaacaacctgec
gaaactggatgcgcatgtgttgattaccgatctctccatgectggegataagtacggegatg
gcattaccttaatcaagtacatcaagcgccatttcccaagectgtcgatcattgttctgactat
gaacaacaacccggcgattcttagtgcggtattggatctggatatcgaagggatcgtgetga
aacaaggtgcaccgaccgatctgccgaaagetctcgecgegetgcagaaagggaagaaat
ttaccccggaaagcegtttctcgectgttggaaaaaatcagtgetggtggttacggtgacaag
cgtctctcgccaaaagagagtgaagttctgegectgtttgeggaaggcettectggtgaccega
gatcgctaaaaagctgaaccgcagtattaaaaccatcagtagccagaagaaatctgegatg
atgaagctgggtgtcgagaacgatatcgecctgetgaattatctctcttcagtgaccttaagt
ccggcagataaagactaatcacctgtaggccagat



Open reading frame(ORF): BN EEFFHEZSE

— FRAH P RE M IEEE L E LA Y[ HIDNA S BZ

— —{FRDNAJFFIL &8 7 0] gE MEHYEEHUAEZE (reading frame)

— (EZREERY © AE3{EmmEL 40

— Fra AEZEH - EFELR(ATG, Methionine) 2 4% IEH(TAA, TAG, TGA), H.
ZrE BEZE S0 & - HIH O] RE B—{E R R
Hﬁ%@ﬁ%ﬁ%ﬁﬁ@%@%ﬁ%iﬁ’%@H%ﬁﬁﬂ%ﬁ%ﬁﬁ
274

AAACCATGCTAAATCTGGTAGGCAAGCAGTTGTGAAAA

Framel-> K P C - I W - A S S C E

Frame2-> N H A K S G R @ A V V K
Frame 3 -> T M L N
1

L
Q S F <-Frame4d

<- Frame 5
<- Frame 6



ORFTRHI&S

~5'3' Frame 1

KRLIVLKAYLPC-IWYPASSYVKRWNI-FVRRMFQE-KNTSATLTVMSRACCSKVAYYMNNMNVIIADDHPIVLEFGIRKSLEQIEWVNVVGEFEDSTAL
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-IISLQO-P-VRQIKTNHL-AR
L

~5'3"' Frame 3

TAHRLKGVFAMLNLVPGKQLCETLEHLIREKDVPGIEKYISDIDSYVKSLL-QGSLLHEQYERNYCR-PSDSLVRYSQIT-AN-VGECCRRI-RLYSTD
QQPAETGCACVDYRSLHAWR-VRRWHYLNQVHQAPFPKPVDHCSDYEQQPGDS-CGIGSGYRRDRAETRCTDRSAESSRRAAEREEIYPGKRFSPVGKN
QCWWLR-QASLAKRE-SSAPVCGRLPGDRDR-KAEPQY-NHQ-PEEICDDEAGCRERYRPAELSLFSDLKSGR-RLITCRPD

\

~3'5' Frame 1

IWPTGD-SLSAGLKVTEER-FSRAISFSTPSFITIADFFWLLMVLILRESFLAISVTRKPSANRRRTSLSFGERRLSP-PPALIFSNRRETLSGVNFFPF
CSAARAFGRSVGAPCFSTIPSISRSNTALRIAGLLFIVRTMIDRLGKWRLMYLIKVMPSPYLSPGMERSVINTCASSFGRLLISAVESSNSPTTEFTHSTI

CSSDLRIPNKTIGWSSAIITFILEM--ATLLQQALDITVNVADVFFYSWNILLTNOMFORFT-LLAGYQI-HGKYAFKTMSR
\

~3'5' Frame 2

SGLQVISLYLPDLRSLKRDNSAGRYRSRHPASSSQISSGY-WEF-YCGSAF-RSRSPGSLPQTGAELHSLLARDACHRNHQH-FFPTGEKRFPG-ISSLS
AARRELSADRSVHLVSARSLRYPDPIPH-ESPGCCS-SEQ-STGLGNGA-CT-LR-CHRRTYRQAWRDR-STHAHPVSAGC-SVL-SLQIRRQHSPTQF
AQVICEYRTRLSDGHRQ-LRSYCSCNRLPCYSKLLT-LSMSLMYFSIPGTSFSRIRCSSVSHNCLPGTRFSMANTPLRR-AV

\

~3'5' Frame 3

LAYR-LVFICRT-GH-REIIQQGDIVLDTQLHHRRFLLATDGENTAVQLEFSDLGHQEAFRKQAQNFTLEFWRETLVTVTTSTDFFQOARNAFRGKEFLPFL
QRGESFRQIGRCTLFQHDPFDIQIQYRTKNRRVVVHSQONNDRQAWEMALDVLD-GNATIAVLIARHGEIGNQHMRIQFROVVDQCCRVFKFADNIHPLNL
LK-FANTEQDYRMVIGNNYVHIVHVIGYLATASS-HNCQCR-CIFLFLEHPSHESDVPAFHITACRVPDLAWQIRL-DDEPF

\,




I ERERNETTEA RN T

- ERAEVERNEAENE T BEDEZEVERNS AN G T BELIORF
finderffy 7 ZCFEH] > (AL AT DL R04E H BGRNAF S HET T FEOHI

-« Ef - NHHRRE ZEA R B 1120 bp, EEHE Y1 110 a.a.

ATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGACCCAGCCGCAGCCTTTGTGAACCAAC
ACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTACCTAGTGTGCGGGGAACGAGGCTTCTTCTACACACCCAAGACCCGCCGGGA
GGCAGAGGACCTGCAGGGTGAGCCAACTGCCCATTGCTGCCCCTGGCCGCCCCCAGCCACCCCCTGLTCCTGGCGLTCCCACCCA
GCATGGGCAGAAGGGGGCAGGAGGCTGCCACCCAGCAGGGGGTCAGGTGCACTTTTTTAAAAAGAAGTTCTCTTGGTCACGTC
CTAAAAGTGACCAGCTCCCTGTGGCCCAGTCAGAATCTCAGCCTGAGGACGGTGTTGGCTTCGGCAGCCCCGAGATACATCAGAG
GGTGGGCACGCTCCTCCCTCCACTCGCCCCTCAAACAAATGCCCCGCAGCCCATTTCTCCACCCTCATTTGATGACCGCAGATTCAA
GTGTTTTGTTAAGTAAAGTCCTGGGTGACCTGGGGTCACAGGGTGCCCCACGCTGCCTGCCTCTGGGCGAACACCCCATCACGCC
CGGAGGAGGGCGTGGCTGCCTGCCTGAGTGGGCCAGACCCCTGTCGCCAGGCCTCACGGCAGCTCCATAGTCAGGAGATGGGG
AAGATGCTGGGGACAGGCCCTGGGGAGAAGTACTGGGATCACCTGTTCAGGCTCCCACTGTGACGCTGCCCCGGGGLCGGGGGA
AGGAGGTGGGACATGTGGGCGTTGGGGCCTGTAGGTCCACACCCAGTGTGGGTGACCCTCCCTCTAACCTGGGTCCAGCCCGGC
TGGAGATGGGTGGGAGTGCGACCTAGGGCTGGCGGGCAGGCGGGCACTGTGTCTCCCTGACTGTGTCCTCCTGTGTCCCTCTGC
CTCGCCGCTGTTCCGGAACCTGCTCTGCGCGGCACGTCCTGGCAGTGGGGCAGGTGGAGCTGGGCGGGGGCCCTGGTGCAGGC

AGCCTGCAGCCCTTGGCCCTGGAGGGGTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTACCAGCATCTGCTCCCTCTACC
AGCTGGAGAACTACTGCAACTAG

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAEDLQVGQVEL
GGGPGAGSLQPLALEGSLOQKRGIVEQCCTSICSLYQLENYCN




& DLORFTR ARG FEOHI ARARR B 2R AN - a8 TR AT Y Se B R N 7 B

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

GRGPWCRQPAALGPGGVPAEAWHCGTMLYQHLLPLPAGELLQL
A 4

~5'3"' Frame 2

WPCGCASCPCWRCWPSGDLTQPQPL-TNTCAAHTWWKLST-CAGNEASSTHPRPAGROQRTCRVSQLPIAAPGRPQPPPAPGAPTQHGQKGAGGCHPAGGQVHFFKKKESW
SRPKSDQLPVAQSESQPEDGVGFGSPEIHQRVGTLLPPLAPQTNAPQPISPPSFDDRRFKCEFVK-SPG-PGVTGCPTLPASGRTPHHARRRAWLPA-VGQTPVARPHGSS
IVRRWGRCWGQALGRSTGITCSGSHCDAAPGRGKEVGHVGVGACRSTPSVGDPPSNLGPARLEMGGSAT-GWRAGGHCVSLTVSSCVPLPRRCSGTCSARHVLAVGQVEL
GGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN-

A

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

AGALVQAACSPWPWRGPCRSVALWNNAVPASAPSTSWRTTAT
\L J

~3'5' Frame 1 N
LVAVVLQLVEGADAGTALFHNATLLQGPLQGQGLQAACTRAPAQLHLPHCQDVPRRAGSGTAARQRDTGGHSQGDTVPACPPALGRTPTHLQPGWTQVRGRVTHTGCGPT
GPNAHMSHLLPPPRGSVTVGA-TGDPSTSPQGLSPASSPSPDYGAAVRPGDRGLAHSGRQPRPPPGVMGCSPRGRORGAPCDPRSPRTLLNKTLESAVIK-GWRNGLRGI
CLRGEWREERAHPLMYLGAAEANTVLRLRF-LGHRELVTFRT-PRELLFKKVHLTPCWVAASCPLLPMLGGSARSRGWLGAARGSNGQLAHPAGPLPPGGSWVCRRSLVP

RTLGRELPPGVSRTGVGSQRLRLGQVPRGPAAPAGAGGASTGP
\ J

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

AH-VESFHQV-AAQVLVHKGCGWVRSPEGQQRQOQOGQEAHPQGH
pe 4

~3'6' Frame 3 N
SCSSSPAGRGSRCWYSIVPQCHASAGTPPGPRAAGCLHQGPRPAPPAPLPGRAAQSRFRNSGEAEGHRRTQSGRHSARLPASPRSHSHPSPAGLDPG-REGHPHWVWTYR
PQRPHVPPPSPAPGQRHSGSLNR-SQYFSPGPVPSIFPIS-LWSCREAWRQGSGPLRQAATPSSGRDGVFAQRQAAWGTL-PQVTQDFT-QNT-ICGHQMRVEKWAAGHL
FEGRVEGGACPPSDVSRGCRSQHRPQAEILTGPQGAGHF-DVTKRTSF-KSAPDPLLGGSLLPPSAHAGWERQEQGVAGGGQGQQWAVGSPCRSSASRRVLGV-KKPRSP
HTR-RASTRCEPHRCWFTKAAAGSGPQRASSASRGRRRIHRA




FGENESH+ of Sofeberry

A CRIEE YRR GH 5 AT AR TR

Softberry Run Programs Online ~

o Services Test Online

Gene finding in Eukaryota

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

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

HMM plus similar protein-based gene prediction

RITRAIRS N
Gene Finding in Viral Genomes Paste nucleotide sequence here: fif‘? 2% \[ o

ATGTGGGGGTGAGCCCAGGGGCCCCAAGGCAGGGCACCTGGCCTTCAGCCTGCCTCAGCCCTGCCTG / Z E F?_; §U
W

Next Generation

Alignment (sequences and
genomes)

e E e Alternatively, load a local file with sequence in Fasta format:

Local file name:

Search for promoters/functional 3

otifs Browse... Nofile selected. j\%‘.ﬁ H% %
Paste protein sequence here: rE [

Deep learning recognition _EE\

1

Protein Location 4
Alternatively, load a local file with sequence in Fasta format:

RNA structures
Local file name:

Protein structure Browse... Nofile selected.

Pathway prediction 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+T& 8l &5

YNET1 YNELT2

Ny

G Str Feature Start End Score ORF
1 + 1 CDSt 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 +
MALWMRLLPLLALLATLWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAED
LOVGQVELGGGPGAGSLOQPLALEGSLOKRGIVEQCCTSICSLYQLENYCN

Len

186
144

1 62
64 111

: RNA 751

100
100

G

EHE Y




NS Z A NP5 1120 bp Y1 RERE

ATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGACCCAGCCGCAGCLTTTGTGAACCAAC
ACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTACCTAGTGTGCGGGGAACGAGGCTTCTTCTACACACCLAAGACCCGCCGGGA
GGCAGAGGACCTGCAGG

TGGGGCAGGTGGAGCTGGGCGGGGGCCCTGGTGCAGGC
AGCCTGCAGCCCTTGGCCCTGGAGGGGTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTACCAGCATCTGCTCCCTCTACC
AGCTGGAGAACTACTGCAACTAG

NFARR S ZARNAR51 333 bp YNETT2

ATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGACCCAGCCGCAGCCTTTGTGAACCAAC
ACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTACCTAGTGTGCGGGGAACGAGGCTTCTTCTACACACCCAAGACCCGCCGGGA
GGCAGAGGACCTGCAGGTGGGGCAGGTGGAGCTGGGCGGGGGCCCTGGTGCAGGCAGCCTGCAGCCCTTGGCCCTGGAGGG
GTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTACCAGCATCTGC TCCCTCTACCAGCTGGAGAACTACTGCAACTAG

NFHES R EHER 110 bp

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAEDLQVGQVEL
GGGPGAGSLQPLALEGSLOQKRGIVEQCCTSICSLYQLENYCN




NCBI Genome Data viewer

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

L]
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