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The "omics" revolution
*

Broteome \ .

Amlno Llplds

Metabolites

Phenotype/Function
https:/ /en.wikipedia.org /wiki/Genomics



HEFEE (Genomics)

- EXES(genome) : AEAFRFERIDNA - 822 %ZDNA(nuclear
DNA) -~ Z4232DNA ~ fUFRF2DNA

52 (high-throughput)
RIS EERINEE

https:/ /www.slideshare.net /uurzua /clase-genmica-presentation 5
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*DNA level
(genomics and
epigenomics)

*RNA level
(transcriptomics)

*Protein level
(proteomics)

*Metabolite level
(metabolomics)

Levels of Focus of
Functional Genomics

DNA Level Protein Level
(genomics and epigenomics) (proteomics)

Metabolite Level
(metabolomics)

LAHORE UNIVERSITY OF
BIOLOGICAL & APPLIED SCIENCES

#=222 (Functional genomics)

The goal of functional genomics is to determine how the individual

components of a biological system work together to produce a particular

phenotype.

Genomics and epigenomics

Transcriptomics

YOTOOPO NVAVAVA

The study of the DNA sequence and
associated heritable biochemical
modifications

Phenotype

The study of the proteins present in a sample.

The study of the RNA molecules
present in a sample

1

Metabolomics
OH

NH,

The study of the metabolites present in a sample.

https://www.ebi.ac.uk
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HEA#EEApplications

Gene function

Precision medicine H- P pe? Altaosdy
Genome-wide association study(GWAS)Z £ [£ 48 B8 i 5 47 —=
Metagenomics — fEYEAH DT _
. Epigenomics — DNA EBEE{E2 47 ‘ g A cumer profie 19\
a Genomlcs and-
Preconception N Precision i N
‘nd Prenatal - ] . af::?:;;g?agi;i;?fﬂ
Testg A Medicine e S
Doctor/Pharmacist f
Monitoring
Disease Newbom VR . iix
r n r Q" | erdgegr;ETE?;t:::\:;ys S
:uu:::.e:c: SISONE F ap |

___,-*""rlll} I } P ;":Il:
Genomics O‘ /

https://www.openpr.com/news/27577 43 /upcoming-opportunities-in-genomics-and-precision-medicine

Prognosis and
Therapeutic
Decisions

Disease
Susceptibility

Screening and
Diagnosis

https: / /www.genome.gov/minc/toolkit /why-genomics



H & f8 K /)

* E1U(bp / base pair)
1bp=1bp,1kb=1,000 bp,
1GB = 1,000,000,000 bp, 1MB = 1,000,000 bp

* ERAEE X/

Species Porcine : Esc__herichia 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

K = s I o | o8 - I - = & — -
Common Name /7&» ch
b7
Virus Bacteria Nematode Fruit fly Human Ameoba
E
OREERE 3 4288 19,000 13,600  ~ 20,000 ?

PE=

C{E##(C-value enigma): £¥MICE (EREAKX/N ) TAHEEYERZEHENIRSE
ExAlinEa iR EEY) - olgEE B AR E ANWERIZHE

G{E#t(G-value paradox) : £¥HGE ( ERE=E ) U AEEYEHMEEEBENIRE .
Ex.Zaf#R 28 Caenorhabditis elegansEH—F{E AR - (EEBFEABABHEERHENER

https:/ /old-ib.bioninja.com.au/standard-level /topic-3-genetics /3 2-chromosomes /genome-size.html



Chromosome (ZR&#
Total: 3,234.83 Mb
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Preparation of a karyotype

5 mL venous blood T
Digest with trypsin
Add phytohemagglutinin and stain
and culture medium with Giemsa

.

-..

Culture at 37°C “Spread cells onto.

for 3 days slide by dropping

l—» Adq colchicineland . i fved J

otonic saline
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JEEE
(21 5% 3 {5k
FERGHE )
Down syndrome

EIEEERE
(18 5% 3 fi&
HEORTE )

Edwards syndrome

SR E
(13 5% 3 &
FLOHGHE )
Patau syndrome

47 1/600~1/1,000 >99% >99%

%9 1/3,000~1/6,000 >99% >08 %

#71/5,000-10,000 >99% >00%

http:/ /musoonclinic.blogspot.com /2015 /04 /blog-post_22.html
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. %Uﬁﬁ/’“ﬂﬁm@ %fﬁﬁzﬁﬁ*ﬁlﬂ fofs %ELXEF';J REE E’JKH

N 25 H i + Giemsa GC rich AT rich
R A7 ZH gk i BB B P + Giemsa AT rich GC rich
Q7 Quinacrine (% Y24t GC rich AT rich
C 7% ZitiBa(OH), + Giemsa s w2 A A
G-banding R-banding
TR Tl Y; it v Qp %8 2,0y o
AL | s 2t a8 B¢ 2% se 3_0{' use
A T TR TG PO T P,
: » GR J2 28 A5 28 &a
,54. :: * 5 X ;;. .;.5 7 8 10 11 12
E;’ h L] - s ~ N i .
45 - Py EQ i 14 15 XY
) C-banding
- nh—
7 .
\A~ - -
. 4 -
. NS 2
N ; a g

https:/ /www.newton.com.tw
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Genome map)

Cytogenetic map (A pRIE B ED): EE @Eﬁa"—:@ﬁ’ﬁ% ORBEN - DlEEE s
Genetic map ((EEEGE): HEBERFTEMR - BfiIcM (centimorgan)
Physical map (*«WJE SRS EEEZ‘ﬁUEEiﬁ’ﬁEE, B fiIbp

IEIH]

[ﬂ

Genetic mapping

NHGRI FACT SHEETS
genome.gov
e
Genetic map

Al B A 1 ]

Cytogenetic map

Py P ]

Physical map

125 150 Mb
DNA sequence

.GATCTGCATGCATGCTAGCTAGCTAGCTAGCTAGAGCTTCG

Bases

N IH National Human Genome
Research Institute

13

https:/ /www.genome.gov/about-genomics/fact-sheets/Genetic-Mapping-Fact-Sheet



ZHpeiEEERE (Cytogenetic map)

A1

p-arm
1 E;I‘e ﬂ_tl-l

RE
g-arm

Chromosome 3:

b telomers 7
"ptel’

centromerae—*

d telomere—
"gtel

This region of the
chromosome (s called 3p22

This region of
the chromosome
15 called 3p22.1

This region of the
chromosome |5 called 3p21

tan P
g
e

Cytogenetic mapping techniques:. An approach to genome analysis RRBS, 7(6) 2013
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EEEE (Genetic map) -

Homologous Chromosome
chromosomes Crossover
aligned

1% E#HZ = 1 cm (centimorgan)
EAHK < 50%--> " EiH"

S AR = 0% --> "SSEEHE" T\
FEABARES 1 cM 821 Mb i 1

Uml  Wml

Recombinant
chromosomes

Mon-recombinant
chromosomes

50% (i.e., no linkage)

E) -
30%
B -
15%
-
CI~] TeT Tel [ol Tel 5
-
10%
- 5%

50% (i.e., no linkage)

- :
50% (i.e., no linkage)

https:/ /www.sciencedirect.com /topics/immunology-and-microbiology /genetic-linkage
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s E4H (CHROMOSOME RECOMBINATION)

¢ Wild-type Mutant 2
gray with_ N _ black with
normal wing ,’Eﬁw e vestigal wing
A %
BbVv bbvv

o v | x ;
e Ho B MR
4 NK P - :
274 718

742 266

EE4H A
B, VIFEHE 500 500 500 500
ZHAE B 1/4 1/4 1/4 1/4

BV ATEE

' 1000 0 0 1000
”" H ¥

tH VHIZE v v
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JEiESHEE BbVv bbvv

TH T sos e

Vv vV VvV

BbVv Bbvv bbVv bbwv

P 1 A A1

H K| :EH BbVv bbvv




Ll

RECOMBINATION RATE (EEZH %)

¢ Wild-type Mutant 2
gray with_ ; ‘,; . black with
normal wing ,f.h% X vestigal wing

BbVv bbvv

g 274 718

F1 742 266 & 4
L

A %= E 2 A/ FrE 4K
= (266 + 274) / 2000 = 0.27
WL [R R Bl 4 27 centimorgan (cM)

* B AH R e 151 4950%
* B H =R ARG R R A e B A A B
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https:/ /www.macmillanhighered.com



DNA &2 (DNA Vector)
NN & L3 (HAC) 55N Q07 4E 6000 - 10000 Kb human cell
R NiE YO BE(YAC)  #R1983& 5T 100 - 3000 kb Yeast
AR N I8 4L 4 58 (BAC) 150 ~ 350 kb E. Coli
W bl 8 3 4 (PAC) 100- 300 kb E. Coli
& H #3 (Cosmid, Wik IA S A/ E #E < H 5 1Y) 35-45 kb E. Coli
' #4 (plasmid) <= 15kb E. Coli

WRU—EHEE R E, NEELK%H(3,200,000 kb) 752
320 HAC
1,066 YAC
9,142 BAC
10,666 PAC
71,111 Cosmid
213,333 plasmid

* B RN AR ER A E R R L

https:/ /en.wikipedia.org /wiki/Cosmid
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AN A& E2 (Human Artificial Chromosome, HAC)

NEATREES B EREE  TERREET—LER  LEBA
B PEESNOR G . EELEERTRNAEER -

Kinetochore studies
momere. telun'nereo replication origin@  gene @ _ - ' |
- Gene and cell ~ Application in
therapy : T ~ synthetic biology
human \

chromosome iPS Cell  Biopharmaceutical
B <~— HAC vector —»  protein production

Development - Screening of environmental

of antican incer drugs l chemical mutagens
HAC(humal'l anlﬁciai chmm) - CIN in cancer cells . CIN: chromosome instability

*DOI: 10.1517/17425247.2014.882314

https://plantbreeding2010.blogspot.com/2022/11 /a-brief- )
account-of-yac-bac-hac.html HACs have been used in the development of approaches to the

reprogramming of cells into iPSCs, creation of transgenic
animals, and the generation of experimental models for the
treatment of genetic diseases. HACs have been also extensively
used to study chromosome functions and chromosomal
instability.

ANBATHERS BRUE A B
g https:/ /www.youtube.com /watch2v=tNQdTzOQtel 20
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&2 (Yeast Artificial Chromosome, YAC)

‘ Yeast Artificial Chromosome

Bacteria

RREEIUMZHH9AZMurray & Szostak - iR1983F 11 e orifyease)

ori (bac)

¥

antibiotic"x\'"x.
marker B

TEL\ ’TEL

Ori(yeast)

CEN

i Ol bactris]l iy Sl rerd]
Oril bacteria) i

‘ fo i L e T ) . '
* sﬂeﬂab‘! marlwrs[l,'east] 1: e LA S ] TTL
o TEL: telomere L A A A A A AT AT
. CEN:centromere ol
' MSC: multiple cloning site
Selectabls markers{bicseris) i Ori: origin of replication

\ Orif bacteria) CEN Orifyeast)
TEL TEL 4 i

T Sefectable markers{Bacteria)
BamH |

i

N T R /R N Y 7 g [

Selectable markers/yeast] TEL
BamH

Capacity: 100 -3,000 kb B B EPURAOR IR/ MBI - R 2 B - RAURE— ST -

B AEREEEHE - BEARIEABREHNAREN - EENMBIER DNA BER
g B - ARESFERZEVNERAZHEZIMNEFERIABRIASZ T - AEERMAR
ERolEE YAC Eiis @R 2B e AR o - EATTIRERRSE - B



i\

i Sﬂ:
A A S
Qj Bacterial £ plasmid is cut (’? T7 pmmutar Sp6 promoter

within lacZ gene with Gene of interest is

restriction enzymes cut out using
restriction enzyme

F* plasmid and gene of interest IX

PIPEEE (F-plasmid) g
s LR R T p Y Bk A

232 (Bacterial Artificial Chromosome, BAC)

%}Sr"

https://plantbreeding2010.blogspot.c



#hE RS (Cosmid)

Cosmid
cos
Multiple
/ cloning site
ApR

FEE Bl
His

MERE—ELAKERE TR
COs sequencesPEZ & M A Y
=% N EES S

— . ARREEEREE -

Restriction fragment of foreign DNA

+ I I EEEE

e S P

Packaging of
phage heads

Infection of
bacterium

l DNA ligase

Cos sites

—G

-

o

~
)
1
2
-

Head genes

Tallgenes

TRecombinase

G APAPT ST LT SF TSI, ..

—

CobirgfBCCacTacA

PEEre eI
Bttt

%
1S

GGGCGGCGACCTC—

G..._

/

Restriction fragment

ApR

S——

Bacterial cell

Cosmid is cyclized in
a bacterial cell and
can be replicated as
a plasmid

https:/ /www.youtube.com /watch2v=1lqQn3_PvMs
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I —.

5% 222 (Colony Hybridization)

o L P 2 BE B DNA T RO 148 8 (probe, B X DNA)&E &

- AR ASZESHEERVINEE

o HERE > WD RN > Mo 16 A0 R {F DNASE M = U R R E
A -> FREREH

d isc of absorbant papor

R o

INCUBATE WITH PROBE
AND WASH

colonies containing
plasmids ol
interest

E.coli \‘-.‘
FECE ALKl — =~ EXPOSE PAPER TO
labeled DNA Frruhﬂ_ z F'1=|GTGGFI'AF"HIC FILM

[B]3IT
I:H:l-undtu
%

petd dish with
colcnies of bactera
cartaining
recombinant plasmids

pasition of desired
colenies directed by

autor adiography
LY SE BACTERIA
PEEL PAPER FROM DISH TC DENATURE DMA,
PRODUCE REPLICA OF _
. : 24
COLOMIES www.newmediway.com



=ICFRUMSFISH
(Fluorescence in situ hybridization)

o FEEFE A B L DNAT] AR YEAZ E PR # (probe, LA DNA) &S &
. H%%%%E%ﬁﬂﬁ%éﬁﬁ%&ﬁ | ‘ ‘
o AP E R > Plformamideifs L (058 55 M > 25 AR B IR T & > B BRI B %2

—— Cemi

-

15.4 cM —_ S _i59cMm

Cont ——

> —17.5¢M
15.9 cM ——

—— 243 cM
r

_—3.7ch

—41.0cM

d
§ —aTicM
'

-

/ 52.8cM

568.4 cM
=

e | 71zem
f
I

I
Lg3.7em

BMC Genomics201112:639 28



History of DNA sequencing




w‘:—“——....j:"*‘ TTL=

History of DNA sequencing | &&=

1869 — Discovery of DNA

1909 — Chemical characterization
1953 — Structure of DNA solved
1977 — Sanger sequencing invented

— Sequencing by degradation (Maxam-Gilbert)
— First genome sequenced — ®X174 (5 kb) —

Enterobacteria phage phiX174 S
1986 — First automated sequencing machine

1990 — Human Genome Project started
1992 — First “sequencing factory” at
The Institute for Genomic Research (TIGR)

27




1995 — First bacterial genome — (1.8 Mb)
1996 — Pyrosequencing

1998 — First animal genome — (97 Mb)
2003 — Completion of Human Genome Project (3 Gb)
2005 — First “next-generation” sequencing instrument
2011-The “third generation” sequencer
2013—>10,000 genome sequences in NCBI database

HUMAN 7 .
GENOME _ 44

28



First generation
sequencing
(chain termination)

Sanger
DMNA purification

T S A~ Fragmentation

O O O O Cloning
E. coli O Amplification
primer Sequencing
-
0
D Detection
Nt Nl i ey
N‘M ,'Inll

|

AR '

ACGT

* Sequencing by synthesis

* Read length: 300-1000 nucleotides
* Accuracy: >99%

* Real-time analysis: No

* Qutput data: low output

Second generation
sequencing
(massively parallel)

lHlumina

eSS~ DNA purification

=" oS /< Fragmentation

—— —

_V._—“—

Amplification & Sequencing

llumina
flow cell

Detection

* Sequencing by synthesis

* Read length: 36-600 nucleotides
* Accuracy: >99%

* Real-time analysis: No

* QOutput data: high output

Adaptor ligation

AT

Bridge amplification

Third generation
sequencing
(single molecule)

Nanopore

e~~~ DNA purification

s~ Adaptor ligation

Sequencing

Mative DNA

helicase

nanopore
Nanopore ‘l'

flow cell
Detection

1
II

o I
Raw Signal | | L |

.
ACGT

Base calling

Single molecule sequencing

Read length: 200-2 million nucleotides
Accuracy: ~90-95%

Real-time analysis: Yes

Output data: high output

February 2020Medical Research Archives 8(2):1-17

29



Human genome project (A EERE 251 E)

B RABREERITEERF
WeEEEFF AR R

- 19905t 2IRIED

- 2003~ hEE

- #R##$3,000,000,000%7T
H18(E R xS H



1984 — REXREFE R SR DLEE

1986 — BHEREFR AR AFHZETE féE]IEﬂLEﬁ%

1988 — HIEREBXR —NERZETaIEE M EHEETFIETT

1990 - REWLEE(HBE1NE, BE =% $3,000,000,000,#FHEERN ERZE)
1992 - EmEETEERBAERE (genome map)

1998 — CeleransEMELUREEER ZRAFENEREREER @ K&
$300, OOO 000 - EEG I BEER

1999 - EFE—IRFEBFE A fa(chromosome 22)

2000 - CeIera’ATiﬁﬁEm)ﬂ%W%

2003 - AN#EEEABETEI5T A (99%)

2022 - ANEEREASTEI5E A (100%) Science 376.6588 (2022): 44-53.

31

https:/ /en.wikipedia.org /wiki/Human_Genome_Project



ABRERAEFI D

Protein-coding genes 9 |\ IZIE\Z‘E\ % 2% E E FET E% EI%
2% E

Introns

/ 26%

BRiE+ NEF 26%

44%

FEAEERER

e Misc. unique sequences
12%

LTR retro-transposons —"
8%

Misc. heterochromatin

Segmental 8%

duplications
e



AR ERAEE AT E

NcRNAs (ncRNAs genes) versus mRNAs (protein coding genes)
Long ncRNA genes

(13,333)
Sense lntr$

.o .
Small ncRNA genes IncRNAs
(9,078) (674)

Other IncRNA

Sense overlapping
IncRNAs

(141)

https://www.researchgate.net/publication /351788403

33



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

e, W B

he: ¢ of th @ nigue grthel he eamg povics d
only protein coding genes
= calowlared vsing amnadb, o python wrapper for the OMA darabase

#* mspivcd by Natasha Glover's blog post "Lhe Binena Cowgecture’

Posted in r/genetics W reddit



£ H K4 E R/ (Whole Genome Sequencing)

P Break genome into large
fragments and clone

¥ Break individual clone
into small fragments

¥ Generate thousands of
sequence reads

I ‘

Reference genome

Reference Genome

Y

Individual Genome

P Pg

Q SEQUENCING

OUTSMART YOUR GENES®

P Break genome into
small fragments

¥ Generate millions
of sequence reads

-

Individual genome




A\l

Shotgun sequencing
approach (BxiE 18 E % %)

Genomic DNA
| Generate many
f/ short fragments
which are cloned

a

m}

m]

Sequence each
clone

TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence
by aligning and
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA

H K48 7€ - 5k & (Genome sequencing strategies)

Hierarchical sequencing
approach BN ERFX)

Genomic DNA
Generate long fragments
and BAC clone library, which
are ordered to form a
® complete physical map.
;| (———= ——
=] [[==——=1 — /= —— — ]
Generate a sub-
/ clone library from
each BAC clone.
ooooo ooooo ooooao ooooo
ooooag ooooo oooog ooooo
oooo oooo oooo oo oo
Sequence each
subclone
TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence
by aligning and
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA

36



Shotgun sequencing approach (BB ERF % )

2R OEE s
Shotgun Sequencing Approach _ % 5 TUE

IR [ 5
J: [K 4H DNA K b
Genomic DNA A]‘J ,/|\
21 TP [ 455 X
(gap)

/ Generato many s (L R RER N
which are cloned  DNAZT i ~500 bp

OO00O000000O0000000O0000O000O
o o Y
O0O0O0O00 0000000000000 00OO
Sequence each Sy, e
l clone Sanger BLXHALE T
TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

by aligning and %?ﬂ?ﬁ”?ﬁ% 37

Assemble sequence
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA




Hierarchical sequencing approach
FBENERE) ———

Hierarchical Sequencing Approach i ] =
Genomic DNA AT 4
7kl 19(gap) /)

Generate long fragments DAIER . AbER 0T 257 B DNA

| SR i~ 150300 s, it

1 BACLAFISHE A7 7F 42 (0 8 complete physical map. or BAC
-] == —————
e | | mee————— | | e
Generate a sub-
% l l l l clone library from
each BAC clone.
ooo ooooo ooooo clljunnnn

m}
DDDDDDD DDDDDD%D DDDDDDDDD DDD D%D }I%‘ BAC (15 0 kb) H &ﬁﬁ%
ZERE (plasmid, 2 kb)

Plsanger & /7 & #5DNA Sequence each
subclone

TAGCATTCGATAGGCC CTATAGCTAGCA
ATCATAGACTAG GGCCAGTTACTAT

Assemble sequence | 4
by aligning and Frolaise 38
removing overlaps

ATCATAGACTAGCATTCGATAGGCCAGTTACTATAGCTAGCA



BAC | YAC
=K E
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gDNAJTEX

B
\: - /

N
mni]
T

21 (Genomic DNA library construction)

BACH il

| srmesasossoks l b2

) ->()u(”
‘ ; i 1 =I5\
(

nuclease D s o~

N, mamf

Double-stranded Genomic DNA
DNA

Insert Introduce
fragments into O plasmids into
plasmids O bacteria

—

Recombinant Genomic DNA
plasmids library

RENDER



Genome library

Genomic DNA library
VS

cDNA library

GENOMIC LIBRARY VS CDNA LIBRARY
A7 )\ DNA is extracted W _ Isolate and
" . \ from cell and 2 - | collect mRNA Reverse
\\ N //"' p— degested With a :\ o ".nswm
-y By restriction enzyme J .
! . ) (\ . % ANA _ DNA
\ / N Insert into
" bacterial
DNA fragments plasmids
are inserted into oS Grow @B O
cloning vectors : .z e . . T O
Isolate plasmid Insert plasmids O
and into bacteria

bacterial cell are

purify DNA
transformed with A
GIAG
vectors O —> ArccTat© Creeec?t

<_

DNA javaWpoint




The first-generation DNA sequencing




(1) Maxam Gilbert DNA sequencing

Lm:nwngnfmmmmnm

with formic acid 'mmdlmethyl sulphate  With Hydrazine NaCl With Hydrazine
32PACCTATGCAGTTGA 32PACCTATGCAGTTGA 32PACCTATGCAGTTGA 32PACCTATGCAGTTGA
32PACCTATGC 32PACCTATGCAGTT 32PACCTATG RPACCTATGCAGT
32PACCT 32PACCTATGCA 2PAC 2PACCTATGCAG
. 32PA RPACCTA
piperidine

ddATPs ddGTPs ddCTPs

—_—




e Uses DNA polymerase

(2) SANGER SEQUENCING

All four nucleotides, plus one
dideoxynucleotide (ddNTP)

e Random termination at specific bases
e Separate by gel electrophoresis

A) B)

Dideoxynucleotide Triphosphate (ddNTP)
@ =@=(@®= ocH,..0., Nitrogenous

Deaxynucleotide Triphosphate (4NTP)
®-®-@



1986: 4 Reactions to 1 Lane
fluorescently labelled ddNTPs

Template Sequence

I"GAGCAAATTCCGATACATTATTGT. ... 57
Primer

! — e 5'CTCGTTTAAG... 3

l- CTCGTTTAAGE —iD
T L1 . CTCGTTTAAGGC —i0)
% / /

& - c A CTCGTTTAAGGGT
g - = ] a = CTCGTTTAAGGGTA
v b o TR T cTceTTTAAGGGTAT — @
G A T € TR CTCGTTTAAGGGTATG
L’ : o GACGETGEG C .... A c [ - CTCGTTTAAGGGTATGT
= e = CTCGTTTAAGGGTATGTA
= = E:it"r CTCGTTTAAGGGTATGTAR
=] Z c;',:.“_ m— A CTCGTTTARCGGGTATGTAAT
== 5A T A =
by — G CTAT GT AAT
| —— [T L
ra————] [a—————| T
T I il .|
EE— Em— C 5/
Sequence Chromatogram
Sequencing Reaction Products Progression of Sequencing Reaction




) %’Em‘k}(j[ﬁ*%ﬁ%ddNTP(%ﬂﬁj—éh*yﬁ ﬂﬁ)}% deoxynucleotide (ANTP)  nn,
Rk = 30m OH A ) 1 PCR I JE %2 11 2 8 3 <”f“

e
HO—P—0—P—0—P—0. | J

« EFEE 500-1200 bp o b k.J
S

g &7
HO—P—0—P—0—F—0

S A N G E R S EQ d|deoxynucleot:de (ddNTP) i,
o bu om f
o

4 » PCR (+ one dideoxynucleotide)

/j&

Use a _ /|
ddCTP Bequancing G ACTGAAGTCT
ddTTP ddATP ddGTP i 5
" = TININNNNEEE B
" DNA sequence ) 5’ 3
<K 3 5’
"B BR BR BB B €
T A G C
'l 5l
HEE R R E B
N E N E R R E R
BHEERE'R R R R —
B E R EE B
PCR
H R E E &
o I Separate l
with a gel
B E B G
83 &
o % 46
L IS — I, o
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Next-generation sequencing (NGS)




First Second Third e
Generation Generation Generation BT EEERE
Next Generation Sequencing T%IHEF?;%‘—%¥

Sanger Sequencing 454, Solexa, lon Torrent, PacBio, Oxford Nanopore ‘ "
Maxam and Gilbert lllumina 3’%%? DE'% Jr%%jé&
in- H : VAR % ASETE
Sanger Chain-termination DN Fr R
) . yoY: &8 /I e
- Infer nucleotide identity = High throughput from the - Sequence native DNAin il » IACEIEEEITIE
i ' ‘ izati ' real time with single- fPEAE (library)
using dNTPs then .wsuallze paral!ehzatlon of sequencing g e
with electrophoresis reactions molecule resolution PGREE
= 500-1000 bp fragments - High accuracy - Traditionally lower accuracy
- Relatively slow and - ~50-500 bp fragments than NGS
expensive - Faster and more affordable ~ 1ens Of kb fragments, on
average
\ )] | )
/ I
Short-read sequencing Long-read sequencing

@
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Steps to illumina sequencing

Library construction

* - Fragment, attach adapter DNA

Cluster generation
* - Add to flow cell

* - Bridge amplification

Sequencing

* - Single base at a time, imaging

Data analysis

* - Images transformed into basecalls

and ‘reads’

Genomic DNA

W

shear |

— Select ~200-300 bp fragments

¢ apply el _

attach adapters to
create sequencing library

cluster generation by
solid phase PCR
(bridge amplification)

sequencing by synthesis with reversible terminators

% o |

- en o '
—) 09 )
' o
0
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1. Library preparation—the sequencing library is prepared by random fragmentation of the DNA or cdna
sample, followed by 5’ and 3’ adapter ligation. Alternatively, “tagmentation” combines the fragmentation and
ligation reactions into a single step that greatly increases the efficiency of the library preparation process.®
adapter-ligated fragments are then PCR amplified and gel purified.

A. Library Preparation

Genomic DNA

i Fragmentation 1. KAk R R DNATTER
[200-500 bp# 5 B AN »

- P& B W R - 1R
Adapters _— -, (adapter)
/- — i
lLigaiion
== ____________— ==
Sequencing e eesee———
(Y i —
== ==

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bo.th fragment ends.

llumina’
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2. Cluster generation—for cluster generation, the library is loaded into a flow cell where fragments are
captured on a lawn of surface-bound oligos complementary to the library adapters. Each fragment is
then amplified into distinct, clonal clusters through bridge amplification. When cluster generation is
complete, the templates are ready for sequencing.

" A. Cluster Amplification
|
|

1 bal i !
¢ [u]{ ]]" I I" i .""

| Howeel 2. R EFEREBAYDNAF BT
AFIFRIH A D AREER

ol ledon ( ) flowcell » B2 fHECES (%
|

I_ .

Cycles ZDNAF SR A floweell |

3. AR R e
[ FEHETTDNAH
Clusters kﬁﬁ |

Library is loaded into a fiow cell and the fragments hybridize
to the flow cell surface. Each bound fragment is amplified into
a clonal cluster through bridge amplification.




3. Sequencing—illumina SBS technology utilizes a proprietary reversible terminator—-based method that
detects single bases as they are incorporated into DNA template strands. As all 4 reversible, terminator-
bound dntps are present during each sequencing cycle, natural competition minimizes incorporation bias
and greatly reduces raw error rates compared to other technologies. The result is highly accurate base-
by-base sequencing that virtually eliminates sequence-context-specific errors, even within repetitive

sequence regions and homopolymers.

C. Sequencing

E;‘qﬂ#'q % WW
[ 8

'sn""i"““;- "?:1 m, 3) “4' ’

Sequencing Cycles ( )

Data is exported to an outputfile l

Digital Image

Cluster 1 > Read 1: GAGT .
Cluster 2 = Read 2:TTGA...
Cluster 3 > Read 3:CTAG...
Cluster 4 = Read 4:ATAC... Text File

Sequencing reagents, including fluorescently labeled nucleo-
tides, are added and the first base is incorporated. The flow

cell is imaged and the emission from each cluster is recorded.

The emission wavelength and intensity are used to identify
the base. This cycle is repeated “n” times to create aread
length of "n” bases.

o7

lllumina Sequencing by Synthesis

ERFTERABEREER (AH

SangerEfriA) o JIARFEESER
TERIREERE )T Z ik (ANTP) ke &
RS IERAT > PR R S ERE R R AFM

I llumina
Z552H A KEHNDNAE °
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4. Data analysis—during data analysis and alignment, the newly identified sequence reads are then
aligned to a reference genome. Following alignment, many variations of analysis are possible such as
single nucleotide polymorphism (SNP) or insertion-deletion (indel) identification, read counting for RNA
methods, phylogenetic or metagenomic analysis, and more.

rrD. Alignment & Data Anaylsis

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG

AGATGGTATTG

Reads GATGGCATTGCAA
GCATTGCAATTTGAC

ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Reference

e AGATGGTATTGCAATTTGACAT

Reads are aligned to a reference sequence with biocinformatics
software. After alignment, differences between the reference
genome and the newly sequenced reads can be identified.




NGS applications

Patient Technologies Data Analysis Integration and interpretation

DNA LEVEL:

* WHOLE GENOME
SEQUENCING

+ GENOME DE NOVO
+ EXOME & TARGET
REGION

« CHIP SEQUENCING

RNA LEVEL:
* TRANSCRIPTOME
* MIRNA EXPRESSION

SPECIAL PROJECT:
* EPIGENETICS
(METHYLAT
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(1) Genome-wide association study, GWAS (= £ X 0 B ¥t 17)
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Ll

(2) = 8%55 & FF(RNA-seq)

fHHURNA > $H R & e DNANG U] B/ Fr B> k58 20 i > BHE SRR AR A &

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

M)p%-»

Condition 1 Condition 2 %\/VV\/\NV\/\WM
(e.g. tumor) (e.g. normal)

Poly(A) tail
Map to genome, transcriptome,
and predicted exon junctions
Intron pre-mRNA v
' > Exon Unsequenced RNA RNA reads
A [ R e ] \:l
T g oo B oamy E—
g e, BEEEEE <——
Transcript el N g ':.]f:;Z:::'—.
—_— o ——T e N | =
Short reads ;_—_ —E__—_:_;__——_: il == L B =
— = e T T e
ssﬂfg ’ienatcr';n Short insert
PItDY 100s of millions of paired reads
l 10s of billions bases of sequence

Downstream analysis
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Transcriptome alteration analysis with RNA-seq in A549 NSCLC

(2) NSCLC A5489 Cancer Cells

+ DMSO 48hr + Curcumin
+8Bupgiml  48hr
Total RMNA mRNA Purification RMA-seq
Extraction cDMNA synthesis and enrichment Sequence strategy: PE100

Bicinformatics analysis _ _ <
Curcumin regulated genes Different expression analysis
GO, KEGG, and STRING

(b) ...

Curcumin

i
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(3) M2 E (DNA-seq)

Microbas
o /

Ee \
r' B Wit |
= =

—

Metagenomic sequencing (Bacterial
DNA sequence)

Sequencing machine

3

i °""f"_- §. - S =8 Sequencing reads
w5 DNA extraction W fp D
o i & = R — — e,
| A 4 Library construction ., g% % o —— e r—
l Taxonomic profiling Gene & function profiling I
R Taxonomy free Sequence assembly i
*—___—.’-—_—‘ \* -
Phylurm
Class l
™ P P T ¥ -
i Gene prediction
T + ™ P 2 | iy ’—I
TTCG JATGGAT.......... AGGTAG AR
" * ‘l\ m A * A Genus Start codon Stop codon
ATGE AG
o . BN e ST SRS S
Spocias
Gene function database
/ KEGG
& SEED CcOoG §
§ Gene catalogue %\ s‘ é
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(4B EBEEREM(DNA-seq)
Immunoprecipitation based methods Bisulfite based methods

NGS and epigenetic
modification (ex.

W DNA methylation-
Meth\dated/ l

DNAF ELAL{ZEf)

cytosine

)\ —C

O=0

l Treated and untreated Treated sample is

sequenced and compared

Antibodies ific to sample are compared using

i with a reference genome
the epigenetic mark are e &
used to purify the
modified DNA
Uracil bases are converted

to thymine during
sequencing.

The purified DNA is
analysed by microarray or

next generation sequeny\
AAGCTTGCA

Treated

Reference

EMBL-EBI
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DNA Methylation Microarray

ﬂ > Sonication

» 5-methylatidine
L —_— > Denatur? L —9— (5mC) AntlbOdles /Jk Jk

A

¢ E— —
4 L 4_;_: L YA _Q_
€ © — L
» Input DNA (Input) » Immunoprecipitation
I Enriched Me-DNA (IP fraction)

= > Fluorescent > Fluorescent e
- Labeling (Cy3) Labeling (Cy5) ——

¥ CREATIVE BIONART}
4 .
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(5)&EEMnIRENE

Neo-Antigen mRNA Vaccines

assessment of both human and pathogen genomes, their transcriptomes, as well as examination of host immune
responses, such as T and B cell diversity. NGS can be used to assess the quality of vaccine stocks, the diversity
of HLA polymorphisms in large populations, and also for detection of new pathogenic strains in mixed samples.

— POV ——
Normal DNA

Normal tissue biopsy

—s JOOPWE —
Tumor DNA
_’ a——
_ Tumor RNA
Cancer patient Tumor tissue biopsy
SARS-CoV-2
@ T cell
) HLA class |
— P
{ pv pa PE’HLA class Il < -
( Im o=pe
‘@ ; , _— . | =

"‘-W% Non-canonical \ /
ORF /
Canonical ORF

Sample
preparation
IPIMAE

Infected cell

NGS (WGS/WES and
RNA-seq)

MS validation of
neo-antigen presentation

In silico prediction of
candidate
neo-antigens

®
N

—_—)

Validation of neo-antigen
immunogenicity

Vaccines 2020, 8(4), 776
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6)EMEZER (Single cell sequencing)

primary human cancer cells
Primary tumors

(nematalogic and solid | Single cell isulaﬂnn@ :

Ff S S B el el o f ot = ko |

) ! Serial dilution
}r'";".'f. ,...---""'III ‘ ' Mechanical micromaniputation
/i | Laser eapiure microdissection (LCM)
| * % i
Ji e | Fluorescence activated cell sorting (FACS)
w i

i

mp
RNA isolation

- - -..-.

Tissue dissociation 1 Microfluidics i eDNA synihesis

\mﬂuﬂ. labaling
Call 1 Cell 2

/ e e e o

Sequencing Library Amplified cDNA
Subpopulation =
i fi

dentification Single cell
expression analysis

Single cell cDMNA
microarray profiling

Journal of Liver Cancer 2018;18(1):1-8.
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a. 8-Channel Microfluidics Chip Barcoded

cDNA
og Jj - o
BB AP AR AT 2 AR R 08 oi — (00080000 8
Cells + Reagents = | @ @ o.o:o eoe & Break Amplify Construct
Beads — 1 000,00000 Emusion cDNA  Library Sequence
00 QOO O OO |—> GEMOutiet — - - >
--- = - - -
%
poly(A) cDNA
d.
Single cell RNA sequencing experiments
routinely target the retention of 500 to 10,000 10x MWN m Summ:
cells which require an input of 800 to 16,000
cells.
o Ufeque Captured droplet
molecular
identifier After reverse transcription
(UMI)

f

Bead
specific

Poly dT
sequence

T

Partitioning oil

Barcoded
beads

Dissociated cells
from skin tissues



Genes-by-Cells Expression Matrix Cluster Cells by gene expression
Cells
Break Droplets
o > Genes 1 2 . . N
Genel |12 0 5
cDNA Synthesis Gene 2 01 2
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CRISPR/cas9 genome editing
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CRISPR-CAS9(Clustered regularly interspaced short palindromic repeat

/ CRISPR associated protein 9)

The Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR) and CRISPR- associated (Cas) system is the latest addition
to the genome editing toolbox, offering a simple, rapid, and efficient
solution.

Derived from components of a simple bacterial immune system, the
CRISPR-Cas9 system permits targeted gene cleavage and gene
editing in a variety of eukaryotic cells, and because the endonuclease
cleavage specificity in CRISPR-Cas9 system is guided by RNA
sequences, editing can be directed to virtually any genomic locus
by and delivering it along with the
Cas endonuclease to your target cell.
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Bacterial immune system

(1) VIrus invaaes
v bacterial cell
e

|

(2) New spacer is
derived from virus [~ Adaptation

and integrated into
l CRISPR sequence
(4) CRISPR RNA l
Targeting guides molecular
o machinery to
target and destroy il Si::f;“ BHA | Production of
viral genome i CRISPR RNA

=23 HARVARD UNIVERSITY
The Graduate School of Arts and Sciences



Nobel Prize in Chemistry (2020)

2020 NOBEL PRIZE
IN CHEMISTRY GOES
TO EMMANUELLE M &
CHARPENTIER AND | i\ €
JENNIFER DOUDNA

| ¢ .
for discovering the _ B Y i " o
- \ 4 " i mimanueiie enniter A. Louana
. - CtRIShPRllcasg e Charpentier Prize share: 1/2
<% eurofins _ ecnnoliogy y RO Frizeshare )2

https:/ /mcbblog.nsfbio.com
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CRISPR Mechanism
! sequence
@ The target DNA sequence is identified. MWDNA

Matching genomic
sequence

The guide RNA, with a complementary
DNA sequence, binds to the target DNA
sequence.

@ The Cas9 enzyme uses a specific DNA
sequence (PAM) to find the correct spot, l
binds to the guide RNA, and cuts both
strands of DNA.

@ Once the target sequence is cut, there are 3
potential results, depending on CRISPR
system programming:

a. The cut is repaired by introducing a
mutation in the DNA.
b. Enzymes are engineered to make cut
either side of the target DNA to remove '
target DNA and rejoin ends.
c. The DNA repair system can be hijacked to mmm mmm:ﬂ
insert a section of DNA into the genome. l

2.

/ b. Deletion v \
a. Mutation mm c. Insertion /

T \ A RRRAAA

n

o |

ne

o~k




Functions of CRISPR-cas9

Cas9 nuclease

Target DNA /L6

Knockout Knock-in
ﬁi-lug. .f;'i\':'-‘t.'.th'ﬂ. “r}" Tﬂdﬂy




Gene Silencing with CRISPR

Guide RNA  Cac9 Enzyme

Non-Homologous Inactivated G
Cut Genomic DNA End .Inirl.i::'?g ractivated hene

mmp codll D<o mmp ooAllDPoo<

Insertion/Deletion Mutation

Genomic DNA

Double Stranded
Break After the Cas® enzyme is guided to the right location in the genome and cuts the DNA,

the cell's natural repair mechanisms take over. The cut is fixed by non-homologous end joining.
This process is error-prone and does not perfectly replace the cut DNA, often resulting in an
insertion or deletion mutation which silences the gene.

Gene Insertion with CRISPR

Guide RNA Cas? Enzyme Cut Genomic DNA Homology
D Directed New Functional DNA

_ ool IDooc Repair

Newly Inserted DNA
Double Stranded New DNA
Break (Delivered with CRISPR Plasmid)

Genomic DNA

To insert a gene, the new gene is added into the original CRISPR plasmid. It is designed
to line up perfectly with the cut DNA strands, so the cell uses a different technique,
homology directed repair, to Incorporate a new stretch of DNA into the genome.,

g by Christopher Gerry
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CRISPR protocol

(a) single sgRNA

16h
A Mormal
"o "'* medium
hiPSCs cells 50%-70% confluanty . Fresh medium
i {mo puromycin}
' iZ(s
E oo £ H'g g
12134 £

Transfer each colony /_,———-—._\
toa 48-wel plate o




(b) CRISPR sgRNA library screening

A _B c OO
gé_'— uOO %O%O

In silico Synthesized gRNA CRISPR Library Amplified CRISPR
gRMNA Design Oligos Library

F F
988 + 85 ~ 8% ~ obe

Lentivirus containing Cas.?—ex pressiﬂg cells Infect cells Apply positive or
CRISFR library (or wild-type cells) with library negative selection and
(aRNA only + or gRNA/Cas9) identify hits with NGS

Addgene also supplies a few non-lentiviral libraries,

€ »addgene



Screen plates for l
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Compared to RNAI

CRISPER

The hallmark of a bacterial
defense system that forms the
basis for CRISPR-Cas9
genome editing technology

I E N EEEEEEEEEEEEEEER
Naturally occurs in
prokaryotes
EEEEEEEEEEEEEEEEEEER
A genome editing
technology, involving in the
knocking out of genes

Applicable in the DNA
level
EEEEEEEEEEEEEEEEERER

Silences genes permanently

EE N E SN EE NN SN EEEEEER
High cost
E S E S E S SN EEEEEEEEEEEER

Low off-target effects

https:/ /cn.weblogographic.com /what-is-difference-between-crispr

CRISPER VERSUS RNAiSiRNA

RNAi

E R E EE N EE N EEEEEEEEEDN
A biological process in
which RNA molecules

inhibit gene expression or
translation, by neutralizing
targeted mRNA molecules

E BN EEE NN EEEEEEEEENER

Naturally occurs in many
eukaryotes

E B E R EEEEEEEEEEEEEERN

A form of post-
transcriptional regulation
of gene expression,
involving in the knocking
down of gene expression

E BB E B EEEEEEEEEEEEEDN
Applicable in the RNA

level
EE E EEEEEEEEEEEEEEESRS

Silences genes temporarily

Low cost

High off-target effects

Visit www . PEDIAA.com
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RISC Protein Complex

siRNA

Target mRNA

Target mRNA

1) Small interfering RNA (siRNA) is
designed to specifically target mRNA
that's derived from a particular gene.

2) Once it's been introduced into a cell, siRNA
binds to target mRNA with the help of a piece
of cellular machinery called the RISC protein complex.

Degraded mRNA

I

=~ Al
s \J,__\— -

3) After binding, the siRNA promotes degradation of the target
mRNA, resulting in translational repression and lower
levels of the corresponding protein.

Guide RNA

Cas9 Enzyme
_I__.@mﬁ p

—_—

Complementary
Sequence

- &

Plasmid

DNA to Protein/RNA

2) After the plasmid enters the cell, the resulting
Cas9/guide RNA complex binds the target DNA
sequence and Cas9 cuts both strands of DNA.

1) A plasmid, a circular piece of DNA, encodes for both the
Cas9 enzyme and a “guide RNA” that's complementary
to the target gene’s DNA sequence.

Genomic DNM %‘

Double Stranded
Break

Disrupted Gene

ST

NHEJ Repair
DNA Insertion

3) The cell repairs the DNA break via non-homologous
end joining (NHEJ), which is prone to errors that can silence
the gene, or homology directed repair, which enables
high-precision editing of the gene.

by Christopher Gerry
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Applications of CRISPR system

ribonucleoprotein

Transgene free modifications
* Viral encoded editing

Site specific DNA integration

* RNP editing
* Crossing/selfing

#

Virus resistance

virus
« RNP removal

%

* Cleavage of viral genome
* Genomic cleaning of —

%,

/

Gene knock in-HR
Gene knock in-NHEJ
Mative gene GFP fusion
Split Cas9

S

T A\

CRISPR/Cas8

Applications

Gene expression regulation

* Transcriptional
regulation

+ Post-transcriptional

~

Chromosome structure/
number manipulations
* Deletion

* Insertion

* Translocation

L

regulation
%

S/

Genome wide functional
screening

* Repression

* Activation

* Enhancer

%

,/’

stem cell engineering,
gene therapy, tissue and
animal disease models,
and engineering disease-
resistant transgenic
plants.

8:1932 - November 2017
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Genome analysis
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(1) Open reading frame(ORF): 7 /W& F EZ2

— JEL R 20 Hh e pl s s a2 L I 7 A1 I DNA T B

— —{RXDNAJF L&A 75 ] e M ) FE BUAE 2R (reading frame)

— MEZLREHN:  BR3fEN I A — A

— FREEUELE Y, &G EUE(ATG, Methionine) 2 £% 1H155(TAA, TAG, TGA), H 3%

FEEUEZE AR, R AT R & —{F 2L A

;?%W@%H&ﬁﬁ@ﬁ@%ﬁ%i%,%%H&%ﬁﬂ%%%%ﬁ
24

AAACCATGCTAAATCTGGTAGGCAAGCAGTTGTGAAAA

Framel1->>K P C - I W - A S S C E
Frame2-> N H A K S G R O A V V K
Frame 3 -> V G K O s
Yy A L L O S F < Frame4
v M s F R T P L C N H F <- Frame 5
F W A L D P L C A T T F <- Frame 6
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BRIRE—REBAGRERSN S - BEIREAT S EORFR TR

/EJEZHE ehEARRAKR?

aaacggctcatcgtcttaaaggcegtatttgccatgctaaatctggtacccggecaageagttat
gtgaaacgctggaacatctgattcgtgagaaggatgttccaggaatagaaaaatacatcag
cgacattgacagttatgtcaagagcttgctgtagcaaggtagectattacatgaacaatatg
aacgtaattattgccgatgaccatccgatagtcttgttcggtattcgcaaatcacttgagcaa
attgagtgggtgaatgttgtcggegaatttgaagactctacagcactgatcaacaacctgec
gaaactggatgcgcatgtgttgattaccgatctctccatgectggegataagtacggegatg
gcattaccttaatcaagtacatcaagcgccatttcccaagectgtcgatcattgttctgactat
gaacaacaacccggcgattcttagtgcggtattggatctggatatcgaagggatcgtgetga
aacaaggtgcaccgaccgatctgeccgaaagetetegecgegetgcagaaagggaagaaat
ttaccccggaaagcgtttctcgectgttggaaaaaatcagtgcetggtggttacggtgacaag
cgtctctcgccaaaagagagtgaagttctgegectgtttgeggaaggcettectggtgaccga
gatcgctaaaaagctgaaccgcagtattaaaaccatcagtagccagaagaaatctgegatg
atgaagctgggtgtcgagaacgatatcgecctgetgaattatctctcttcagtgaccttaagt
ccggcagataaagactaatcacctgtaggccagat
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ORFFEMI#HK % — TRANSLATE TOLLS IN EXPASY

E)(F)asy:3 Translate Home | Contact

1
# Programmatic access &

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

DNA or RNA sequence

I
iy
=

N

5

)

N

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

Standard bt

- N 5 4 T
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ORFTH AN R

~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-MLSANLKTLOH-
STTCRNWMRMC-LPISPCLAISTAMALP-SSTSSAISQACRSLE-L-TTTRREFLVRYWIWISKGSC-NKVHRPICRKLSPRCRKGRNLPRKAFLACWKK
SVLVVTVTSVSRQKRVKFCACLRKASW-PRSLKS-TAVLKPSVARRNLR--SWVSRTISPC-IISLQ-P-VRQIKTNHL-AR

\

~5'3' Frame 3

TAHRLKGVFAMINLVPGKOLCETLEHLIREKDVPGIEKYISDIDSYVKSLL-QGSLLHEQYERNYCR-PSDSLVRYSQIT-AN-VGECCRRI-RLYSTD
QCOPAETGCACVDYRSLHAWR-VRRWHYLNQVHQAPFPKPVDHCSDYEQQOPGDS-CGIGSGYRRDRAETRCTDRSAESSRRAAEREEIYPGKRFSPVGKN
QCWWLR-QASLAKRE-SSAPVCGRLPGDRDR-KAEPQY-NHQO-PEEICDDEAGCRERYRPAELSLEFSDLKSGR-RLITCRPD

.

~3'5' Frame 1

IWPTGD-SLSAGLKVTEER-FSRAISFSTPSFITADFFWLLMVLILRFSFLAISVTRKPSANRRRTSLSFGERRLSP-PPALIFSNRRETLSGVNEEPFEF
CSAARAFGRSVGAPCEFSTIPSISRSNTALRIAGLLFIVRTMIDRLGKWRLMYLIKVMPSPYLSPGMERSVINTCASSFGRLLISAVESSNSPTTETHST

CSSDLRIPNKTIGWSSAIITFILFM--ATLLQQALDITVNVADVFEFYSWNILLTNQMFORFT-LLAGYQI-HGKYAFKTMSR
\,

~3'5' Frame 2

SGLOVISLYLPDLRSLKRDNSAGRYRSRHPASSSQISSGY-WF-YCGSAF-RSRSPGSLPQTGAELHSLLARDACHRNHQH-FFPTGEKRFPG-ISSLS
AARRELSADRSVHLVSARSLRYPDPIPH-ESPGCCS-SEQ-STGLGNGA-CT-LR-CHRRTYROQAWRDR-STHAHPVSAGC-SVL-SLOIRRQHSPTQF
AQVICEYRTRLSDGHRQ-LRSYCSCNRLPCYSKLLT-LSMSIMYFSIPGTSFSRIRCSSVSHNCLPGTRESMANT PLRR-AV

\

~3'5' Frame 3

LAYR-LVFICRT-GH-REITIQQGDIVLDTQLHHRRFLLATDGFNTAVQLFSDLGHQEAFRKQAQNFTLEWRETLVTVITSTDFFQQARNAFRGKFLPFEFL
QRGESFRQIGRCTLFQHDPFDIQIQYRTKNRRVVVHSQNNDRQAWEMALDVLD-GNATAVLIARHGEIGNQHMRIQFRQVVDQCCRVFKFADNIHPLNL
LK-FANTEQDYRMVIGNNYVHIVHVIGYLATASS-HNCQCR-CIFLFLEHPSHESDVPAFHITACRVPDLAWQIRL-DDEPF

\
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(2) NCBI genome data viewer

Genome Data Viewer

Select organism

rHomo sapiens (human)

7

Enter common or
scientific names to
find more organisms

t fruit fly

Assembly
GRCh38.pl11 ™
Browse genome BLAST genome Select
assembly
Assembly details version
Click to update Name GRCh38.p11

https:/ /www.ncbi.nlm.nih.gov /gdv/

GDV is a genome browser supporting the exploration and analysis of more
than 540 eukaryatic RefSeq genome assemblies. €@

Homo sapiens (human) genome

Search within
) selected assembly
Search in genome

Location, gene or phenotype
human H

Examples: TP53, chr17:7667000-7683000, rs334, DNA repair

panel at right RefSeq accession  GCF_000001405.37

GenBank accession GCA 000001405.26

Click "+" to see
more organisms

Download via FTP  RefSeq, GenBank
Submitter Genome Reference Consortium
Level Chromosome

Annotation details

Annotation Release 108

Release date
1234567 8 910111213 14 15 16 17 18 19 20 21

i

nno <

o
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Search “Aquaporin”

Homo sapiens (human) genome

Search in genome

i

—r aquaporin

Genes
F Name
AQP4
AQP1
AQP2
AQP3
AQP5
AQP9
AQP8

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

Assembly

Location
Chr18:26.85M - 26.87M
Chr7:30.91M - 30.93M
Chr12: 49.95M - 49.96M
Chr9: 33.44M - 33.45M
Chr12: 49.96M - 49.97TM
Chr15: 58.14M - 58.19M
Chr16:25.22M - 25.23M

8!

GRCh38.p12

result
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Current position

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

(cytological map)

Chromosome 7

Homo sapiens: 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

v Ideogram View p22 p21 pls.3 Jopld pl3 plz 1.2 qll.l  qll.2] qn.23 q211 q21.2 q22 q311 q31.3 q32 q33 q34 q35 q36

unpiacea/uniocalizea scarmoigs: Tt

Alt loci/patches: 401 - 5 = = = = S =
P L 4 | Regionw AQP1 g  NM_001320872.1 [ M | 4 b Boooo
4 < Gene Transcript Exon cds range: 30,911,910 - 30,912,293, range: 30,911,694 - 30,912,293
E . 9 S Ncooooo7aa- O | @, \ @ i 2= I A Tools v | ¥ Tracks» & Y~
E 98 K ‘-36&912 K 139,914 K [38.916 K 138,918 K [39,929 K l38,922 K |38,924 K | 38,926 K

Genes, NCBI|Homo sapiens Annotation Release 109, 2018..[I4 bl ®
1919 2021 22 MT AOPL t+4] » > ’ E+-am >

TEEEEEL

M|II
tl]]]IIle
@no <

Gene structure

« Search Genes, Ensembl release 93 b ®

190240583 ... [INI—— » > I—--——a >

Q- aquaporin
Enter a location, gene name or phenotype

Genes = °©
F  Name Location —_——— o £ = B> ENSPEOREE421315.2
AQP4 Chr18: 26,852,038 - 26,865,803 dbSNP Build| 151 (Homo sapiens Annotation Release 108) all data *
L R R B DRI RN E SRR R TEERE LR L un L (L E B TR R B .y e (R 1 O maE s e T e CRUE B LU g 1
AQP1 Chr7: 30,911,694 - 30,925,517 Cited Variants, dbSNP Build 150 (Homo sapiens Annotat.. <] [il %
AQP2 Chr12: 49,950,741 - 49,958,881 1]1 2 1 1 1 1 1
AQP3 Chr9: 33,441,154 - 33,447,633 RNA-seq exon coverage, aggregate (filtered), NCBI Homo sapiens Annotation Release 109 - log base 2 scaled
104171
0% Cizdn - s ——-Jal_—_
AQP9 Chr15: 58,138,169 - 58,185,911

RNA-seq intron-spanning reads, aggregate (filtered), NCBI Homo sapiens Annotation Release 109 - lo

Atk = T i =) Feedback

Search result
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(3) Restriction Enzyme Tool-NEBcutter

http:/ /nc2.neb.com /NEBcutter2 /

EW ENGLAND

e NEBcutter V2.0

[NEB homepage]

This tool will take a DNA sequence and find the large. non-overlapping open reading frames using the E.coli genetic code and the sites for all Type II and commercially available Type III restriction enzymes that cut the
sequence just once. By default, only enzymes available from NEB are used. but other sets may be chosen. Just enter your sequence and "submit". Further options will appear with the output. The maximum size of the
input file is 1 MByte, and the maximum sequence length is 300 KBases.

What's pew in V2.0 Citing NEBcutter

| #Plasmid vectors v

# Viral + phage v

gagttcgege ccgetegege cgetegcgac ageggegace tagggatcga tctpgaggga
61 cttggggagc gtgcagagac ctctageteg agegegageg acctcocegee
geggatgectg

121 gggagcagat ggaccctact ggaagtcagt tggattcaga tttctctcag
caagatactc ' )

181 cttgectgat aattgaagat tctcagectg aaagccaggt tctagaggat
pattctgett )

— 41 ctcacttcag tatgetatct cgacaccttc ctaatctcca




oLabs.. NEBcutter V2.0
[NEB homepage]

This tool will take a DNA sequence and find the large, non-overlapping open reading frames using the E.coli genetic code and the sites for all Type II and commercially available Type III restriction enzymes that cut the
sequence just once. By default, only enzymes available from NEB are used, but other sets may be chosen. Just enter your sequence and "submit". Further options will appear with the output. The maximum size of the
input file is 1 MByte, and the maximum sequence length is 300 KBases.

What's new in V2.0 Citing NEBeutter

4 Plasmid vectors T |
.#Viﬁ_;] + phage v




= NCBI Resources ) How To &)

Nucleotide 'Nucleotide v

P53

TACCCA ACACA
acSCAChCT
ACCTi

PCTAGCTT

“GTTT

~

Using Nucleotide

Quick Start Guide

g

el

|I
=]

GenBank FTP

RefSeq FTP

Homo sapiens cellular tumor antigen p53
Homeo sapiens tumor protein p53

Mus musculus cellular tumor antigen p53
Cricetulus griseus cellular tumor antigen p53
Cricetulus griseus tumor protein p53

Canis lupus familians cellular tumor antigen p53
Canis lupus familiaris tumor protein p53
Xenopus laevis cellular tumor antigen p53
Xenopus laevis tumor protein p33 L homeolog
Rattus norvegicus cellular tumor antigen p53
Rattus norvegicus tumor protein p53

Danio rerio cellular tumor antigen p53

Danio refio tumor protein pb3

Macaca mulatta cellular tumor antigen p53
Macaca mulatta tumor protein p53

Bos taurus cellular tumor antigen p53

Bos taurus tumor protein p53

Drosophila melanogaster pb3

Pan troglodytes cellular tumor antigen p53

Homo sapiens tumor protein p53 binding protein 1

Help

1Bank, RefSeq, TPA and

research and discovery.

You are here: NCBI = DNA & RNA = Nucleotide Database

GETTING STARTED RESOURCES POPULAR
NCBI Education Chemicals & Bioassays PubMed

NCBI Help Manual Data & Software Bookshelf

NCBI Handbook DMNA & RNA PubMed Central

FEATURED

Genetic Testing Registry
GenBank

Reference Sequences

NCBI INFORMATION
About NCBI

Research at NCBI
NCBI News & Blog

Support Center
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& NCBIl Resources @ How To @

Nucleotide

GenBank «

Homo sapiens tumor protein p53 binding protein 1 (TP53BP1), transcript variant

Advanced

1, mRNA

NCBI Reference Sequence: NM_001141980.3
EASTA  Graphics

Sendto «

Change region shown

Customize view

Analyze this sequence
Run BLAST

Goto: ¥

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE

JOURNAL
PUBMED
REMARK

NM_881141988@ 10369 bp mRNA linear PRI ©8-5EP-2819
Homo sapiens tumor protein p53 binding protein 1 (TP53BP1),
transcript variant 1, mRHNA.

NM_@@1141980

MM _991141986.3

RefSeq; RefSeq Select.

Homo sapiens (human)

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.

1 (bases 1 to 18369)

Hurley RM, Wahner Hendrickson AE, Visscher DW, Ansell P, Harrell
MI, Wagner IM, Negron V, Goergen KM, Maurer MJ, Oberg AL, Meng XW,
Flatten K5, De Jonge MIA, Van Herpen CD, Gietema JA, Koornstra RHT,
Jager A, den Hollander MW, Dudley M, Shepherd SP, Swisher EM and
Kaufmann SH.

53BP1 as a potential predictor of response in PARP
inhibitor-treated homologous recombination-deficient ovarian cancer
Gynecol. Oncol. 153 (1), 127-134 (2019)

38686551

GeneRIF: 53BP1 deletion increased HR in BRCAl-mutant COV362 cells

exon

ORIGIN

1821
1e81
1141
1201
126l
1321
1381
1441
1581
1561
1621
1681
1741
1801

gapgttcgcgg
cttggggage
gggagcagat
cttgectgat
ctcacttcag
tgttggatgt
gtgegsttcaa
tggacacatg
gcagtgttct
agttggaaca
ttggtgctga
gccaggatgt
taaccaccaa
atgaagaaca
tgacagcaca
ggtcagagga
agttgtctge
aggttttgtc
gttgctctac
ctctgeatct
attcttcaga
ctagcagtcc
ctgaagaagg
aaaacccccc
agagcacacc
atgacatttt
gagatatgca
agaattcccc
ctacaagtga
aagatggaga
aatttgttcc

Pick Primers

Highlight Sequence Features

/gene="TP53BP1"
/gene_synonym="53BP1;

/inference="alignment:
5860..10369

/gene="TP53BP1"
/gene_synonym="53BP1;

/inference="alignment:

ccggtgpcgg
gtgcagagac
gpaccctact
aattgaagat
tatgctatct
tgtgtccaat
tgaacatttg
tggtteccatc
gpgaatgtca
gaaggagaaa
agatactgecc
tgaggaaaat
ctctggttat
gtccaacgaa
gcccagtaag
catgcctttt
acaagaactt
aactcaggas
tccttcaagg
cctgeagetc
tcttgtiget
cacagagcaa
aggagagcct
tctockgoct
agtcttcect
tattccttcc
tagttcatct
tgaggatctt
atatagtcag
aaacacacag
tgctgaaaat

cggtggcpac
ctctagctcg
ggaagtcagt
tctcagectg
cgacaccttc
cctgaacaaa
aaagaaaaca
agtcaggtca
gtggaatctg
gagaaggaag
tcatcacagt
actgtgccat
accaggctgt
gatatcccca
gatgtacatg
agccccaaag
atggaaagtg
gacttgtttg
gaggaaggtg
tctggtcaga
ccttctectg
gaagggagac
tttcagaaga
gagtccactg
cctgggtceac
ccaagtctgg
ttgacagtig
gegctatctt
tccccaaaga
attgaggata
gatagtatcc

p202; p53BP1; TDRD3G"

Splign:2.1.

o"

p202; p53BP1; TDRD3G"

Splign:2.1.

agcggcgacc
agcEceages
tggattcaga
aaagccaggt
ctaatctcca
cagctggaga
aggttgcaga
ttgagcagtt
ctectgectgt
aagatacttc
tggetttteg
atgaagtgga
ctgatgtgga
tagcagaaca
ttgtaaaaga
catctgttge
gactgcagat
accagagcaa
getgttcttt
getcccttigt
atgctttccg
aagataagcc
aacttcaaag
tatcaccaca
ttcctatecc
aagaacaatc
agtgttctaa
tgacagggga
tggagagctt
cggaacccat
tgatgaatcc

e"

tagpgpatcga
acctccecgec
tttctctcag
tctagaggat
gacgcacaaa
agaacgagga
ccctgtggat
acctcagcca
ggaggaagag
aggcaatact
ggttctppaa
Ccaaagagcag
tgctaatact
gtccagcaag
gcaaaatcca
tgctatggaa
tcagaagtca
taaaacagta
ggcttccact
tcaggacagt
atctactcct
aatggacacg
tggtgaacca
agcctcaaca
atcccagect
aaatgatggg
aacttcagag
ttcttgecaag
gagttctcac
gtctccagtt
agcacaggat

tctgpaggga
gggatgectg
caagatactc
gattctggtt
gaaaatcctg
gacggtaata
tcttctaact
aacaggacaa
Aaagggagaag
acacattccc
ctctcccaga
ctacaatcag
gcaattaagc
gacatccctg
ccacctgcaa|
gcaaaagaac
ccagagcctg
tcttctgatg
cctgecacca
ctttccacga
tttatcgtic
tcagtgttat
gtggagttag
ccaatatctc
cagttttctc
aagaaagatg
attgaaccaa
ttgatgcttt
agaattgatg
ctcaattcta
ggtgaagtac
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— Cleavage code

—— Enzume name code

-
T | blunt end cut Available fraom HEE
T Has other supplier
W | 57 extenzion Mot commercially available
- - : *¥: cleavage affected by CpG meth.
< | 37 extension #:1 cleavage affected by other meth.
- ) .
| cuts 1 =trand (enz.namel): ambiguous site
~BseRl ~SfaNl
S gaa e
1 200
T | I T
L eIl |-*Fraul LXbaI { Lﬂluﬂl {Ebsl |—Bbvl Rsal
r*BsiEl “#Ncil BseR] EcoP151 Tsel Cvill
F% 1 ||| PpuMl ~¥Esp3l i-BthI Apekl BarGl
* Eco01091 #BsmBI “Bpulol ~Bmr1
*Eagl *Hhal PuuIl Tepd5l
[KthPil “#Hgal Msll
Bsgl ~EcoRY
- *PaeR71 “Meel
~Smll “Hpulesll
F*Aval “Nde 1
¥PspXl
BsoBI
“¥xhol
“*¥Cacsl
“Bsal
“#Alul
~##Bsp0I
“¥#Clal

“¥Haelll




Double digest finder

NEBcloner’ s FEEDBAGK % HELP HISTORY

Search for product name/number Home Page / RE Digest

Restrict . i
No results e Restriction Digest Resources
Select Enzyme 7 Tool: Enzyme Finder
Learn about traditional cloning Tool: NEBcutter
Info: Getting Started / Cloning t yme - ® clear 2nd selection
Guidelines | e

Info: Troubleshaoting Guide

i Trditional Clering. Wordimv Please select an enzyme to view the protocol.

Video: Traditional Cloning Show Detailed Protocol Info: Restriction Enzyme Tips

Info: Double Digests

N Cat# T o s lied Buffe Add SAM e AetvityimEBUTCr Info: RE Performance Chart
ame . e - ! 11 21 31 CutSmart ®
Info: Dam-Dcm and CpG Methylation
Name Time-Saver ™ Heat Inactivation (°C) Methylation Sensitivity Video: Cloning with Restriction

Enzimne

95



PET3A PLASMID

6829) Xbal Ndel (6869)
(6622) PaeR7I - PspXl - Xhol \ .
(6818) Shfl _ \ l_,BsuWI (220)
(6806) Notl 3 Y
(6801) Pacl — T~ Tw %N

(6734 .. 6753) T7 ——0
(6673) Sgral
(6631 .. 6650) pBRrevBam —

i6525) Sphl
(6460) EcoNI |
i6432) Sall - Py | : .
(6371) Pshal = _— N

{6113) Nrul ~
(5641) Mscl™*

Beli* (972)
< _MBP-F (1004 . 1027)
-

_-sspl (1330)
© - Pmll (1406)

Chd

{5503) Bpulol — ‘ﬁ%

pET-3a-His-MBP-TEV-VD Casl WT
6992 bp 158)
- ASl (2168}
-~ Ascl (2173)

- SexAl * (2180)
—— Dralll (2184)
— Fsel (2132)

(4967) BsmBl —
(4966 .. 4988) pGEX 3 —

4a66) PAIFI - Tth111l —
( ! (4841) BStZ171 ~ Accé5] (21395)

B N ! < J/ T Kpnl (2199)
14806 .. 4825) pRS-marker o N " N Milul (z2z201)
(4728) BspQl - Sapl / 5

(4709 .. 4726) L4440

"7 Term (2253 .. 2281)

;s y —_ " Nhel (2494)
Bmtl (2498)

" Hindll (2694)

{4611} Peil 7

rd

{4456 .. 4475) pBR3220ri-F

T . __BspDI - Clal (2701)
\ | IR v EcoRl [2725)
\ | \  pBRforEco (2745 ..2763) Two Fragments:
L% | Zral (2802)
% Aatll (2804) 4128 bp

Amp-R (3154 .. 3173)

Scal (3242) 512 bp

(3723) Ahdi



3&1 NEW ENGLAND

AY
Ine

NEBcloner’ .«

Search for product name/number

No results

Learn about traditional cloning

Info: Getting Started / Cloning
Guidelines

Info: Traditional Cloning Workflow

Video: Traditional Cloning

Name Time-Saver ™
EcoRI Yes
BamH|l | Yes

Notes:

Home Page / RE Digest

Restriction Enzyme Single/Double Digestion
EcoRI
BamHI

Digest in NEBuffer 3.1 Show Detailed Protocol

® clear 2nd selection

% Activity in NEBuffer

Name Cat# Temp °C Supplied Buffer Add SAM 14 21 34 CutSmart ®
EcoRl R0101 a7 NEBuffer EcoRl No 25 1000 50 50
BamH R0136 37 NEBuffer 3.1 No 75 100 100 100"
* May exhibit star activity in this buffer.
Heat Inactivation (°C) Methylation Sensitivity
65 cpg (Blocked by Some Combinations of Overlapping)
No None

1. Digest in NEBuffer 3.1 (or NEBuffer 3 + BSA) at 37 *C.
2. At least one enzyme has < 100% activity in this buffer, so additional units of enzyme and/or longer incubation time may be

necessary.

3. EcoRlI has a High Fidelity version EcoRI-HF. BamHI has a High Fidelity version BamHI-HF. High Fidelity (HF) Restriction
Enzymes have been engineered for reduced star activity and have 100% activity in CutSmart Buffer which may simplify your

double digest.
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MORE OPTIONS

EW ENGLAND

ioLabs.. NEBcutter V2.0

[NEB homepage]

This tool will take a DNA sequence and find the large. non-overlapping open reading frames using the E.coli genetic code and the sites for all Type II and commercially available Type III restriction enzymes that cut the
sequence just once. By default, only enzymes available from NEB are used. but other sets may be chosen. Just enter your sequence and "submit". Further options will appear with the output. The maximum size of the
input file is 1 MByte, and the maximum sequence length is 300 KBases.

What's new in V2.0 Citing NEBeuiter

# Plasmid vectors

4§ ¥
gagttcgege ccgetegege cgetegcgac ageggegace tagggatcga tctpgaggga

61 cttgggpagc gtgcagagac ctctageteg agcgegagge acctccegee
geggatgectg

121 gggagcagat ggaccctact ggaagtcagt tggattcags tttctctcag Tr——
caagatactc o ) o

181 cttgectgat aattgaagat tctcagectg aaagccaggt tctagaggat
pattctgett ) '

241 ctcacttcag tatgectatct cgacaccttc ctaatctcca gacgcacaaa




A nicking enzyme (or nicking endonuclease) is
an enzyme that cuts one strand of a double-
stranded DNA at a specific

recognition nucleotide sequences

Intein or intron
T AHEG na —s—,f—uazi—\'a—i-
1Zym osting gene
In addition to Type II and commercially o i i \ l
. _ ' Homing endonucleases; >
available Type III enzymes. also look for: Nick Homing Endonuclease ”
icking enzymes
: T HEaseﬂtmget
Ignore CpG methylation Ignore EcoBI methylation e Bl £
Ignore Dam methylation Ignore EcoKI methylation - s
Ignore Dem methylation l
Genetic code to use when searchjug.fﬂr ORFs: BsGoREIREIGH '7"-
11. Bacterial and Plant Plastid v —(E — e~
Sequence 1s a fragment l
Process this region only: - bp - '
TG FE—
. OK | | cancel |

EcoKl or EcoBl methyltransferases modify adenine residues within their respective
recognition sequences:

AAC(N)6GTGC for EcoKl and TGA(N)8TGCT for EcoBl

CpG methylation ,_%/ All_,f
NH, NH, o BN
S-Adenosyl- S-Adenosyl- O0—P-0 |
L- methionine L- homol:\rstelne L‘J“ N O jl|'_N H
H (SAM) (SAH] : CH ] —
i o) NF nH, Dam methylase o N\/f\\/“me
\_,/1 R = | 1l
DNA ' A 1! N : NN
methyltransferase O// O == 'l.'i'}
(DNMT) | O—P—0
Cytosine 5-Methylcytosine f“é»_/ fé"'f 99



Set Colors

EW ENGLAND

ioLabs.. NEBcutter V2.0

[NEB homepage]

This tool will take a DNA sequence and find the large. non-overlapping open reading frames using the E.coli genetic code and the sites for all Type II and commercially available Type III restriction enzymes that cut the
sequence just once. By default, only enzymes available from NEB are used. but other sets may be chosen. Just enter your sequence and "submit". Further options will appear with the output. The maximum size of the
input file is 1 MByte, and the maximum sequence length is 300 KBases.
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gagttcgege ccgetegege cgetegcgac ageggegace tagggatcga tctpgaggga

61 cttgggpagc gtgcagagac ctctageteg agcgegagge acctccegee
geggatgectg

121 gggagcagat ggaccctact ggaagtcagt tggattcags tttctctcag Tr——
caagatactc o ) o

181 cttgectgat aattgaagat tctcagectg aaagccaggt tctagaggat
pattctgett ) '

241 ctcacttcag tatgectatct cgacaccttc ctaatctcca gacgcacaaa
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Scale Bladk

Change

Cut site - blunt "i red Change
Cut site - 5' ext. "i royalblue Change
Cut site - 3' ext. ||i green Change
Cut site - one strand ||i black Change
Cut site - unknown "i black Change
Cut site - multiple overlapping "i darkmagenta |Change
Guide line ||i silver Change
Supplier code - NEB ||i darkmagenta [Change
Supplier code - other commercial |. darkcyan Change
Supplier code - none |. olive Change
MS - CpG ||i darkslateblue [Change
MS - other |. orangered Change
Basepair hilite - unique |. darkred Change
Basepair hilite - degenerate "i darkblue Change
a.a. name "i black Change
a.a. background | Change
ORF body |. mediumgray (Change
OREF outline (linear) |. mediumgray [Change
ORF outline (circular) I back Change
ORF name ||i black Change
Highlighted ORF body |E darkorange | Change

Hichlichtad ORF antline (linear) "i darkorance
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PURExpr_prmr
LITMUS-U
LITMUS28
LITMUS28i
LITMUS29
LITMUS38
LITMUS38i
LITMUS39
pACP-GPI
pACPm
PACYC177
pACYC184
pAd2-Avrll
pAd2-BsaBl
pASI3

pBC4
pBeloBAC11
pBR322
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