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What 1s Bioinformatics?
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Bioinformatics is an interdisciplinary field that cevelops and applies
computational methods and tools for understanding biological data.
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CGGTATAGGGAGAGAAATGTGATTCTTCCAATATTCTCTGTTTTAAATTAGGGTCGTTAGGCACACACAATCTATTTTTGAAACATATAGCACCATTATGATCAATTCGAAATTCAGACACCTTCCCTTCT
TCAATATTTTTCTTTGCCTTTTGCAATCCACTGTCGTCTCTTTGTTTCTCTAGAATATTTTCTTCTAAAGTAGGCTTTATTTGAAGCACGGGTAATAATACTCTGGGTTCATGGATCTTTAATTCCACATCCA
ATCTTTCCAAGTCTCTAAGTATATGTTGATCCTGTGTGATCTGAATAGCCATATTACAAAGAGCTTTTCGACTTAGAGCATCTTCCACAATGTTGGCTTTCAGAGGGTGATAATGAATATTCAAATCATAA
TCTTTCAATAATTCTAACCATCCCCTTTATCTCATATT]

CAAAAATAACAGCAGCTAATTCCATATCATGGGI TCQ R you print 100 characters per line and 50 lines Per page,
v eleminlinesti =2 vou'l fil 600,000 pages, stacked 60 meters high.

AATATATCAAAATATCATCTATATATAAATACAA TA

EVIE

il
| I\P

oI | you read one base per second, nonstop,

TTTTCTCACGAAGTTGGTGGAGATAAACGAATGITGT
AAGTTGTATACCCCAAGCGCGATTCCCACCTTGTGA | 1 0 o

s e el soie i e ol it will take you years.
TTATTTGTCTTGAATTTCTTTTGGGGTTGTCCGTGTTCTATTCTTT, A AATATGGTTAATTCAAAGGCTTCGACACACCTTTTG
AGAGGTTGGCGTAATCCACTTTCAAATCGTCGAGCTTTAGAGC( ATTTCATATTCTACTACAGATTTATTACCTTACTTAAG
CTCTAGAAATTCCTTCTTCATTCTCTTCACACTTTCTGGAAAATA CGAATATGACTTTTTGTGAGCATCCCACCATTCAAAA
GCACTAGACTGAAGCATATAGGTAGCATATGTAATCTTTTCTTTARSELLE IC . ! TTCCGCTTCAAGTGGATTGGTAGTTCCTGAAAGGAA
AAAGTATGAATTACCCCCTGAACTATTGCGAGAGTATGAATTAC R TR T T . AAATCGGATTACCCCCCCTGATTCAATCCGGAGCG
GTTTGGTCCTACGTGGCATACACGTGGCACCGCCATGGAAATC( pew second ACTTTCCCCTCTCTTCATCTCCTCCAGGGCAAATAG

AAAGCGGCGCGGTGGTGGCGCTCTCCAGGGCGGCCGGGGGA CAGGGCGGCTGCGGAAGCGACGGCGGCGTCCAG

GGTGGGCTAGGGAAGCGGCGGCTTCTAGGGCAAGCTGGGGAA 2 4 h d AGCAGCGGCGTCCAGGGCAGGCGGGGAAGTGGCG
GTGATGACGGCGCCCTCCAGGTCGAACTGGGGTGGTGGCGGG ours a. ay ) EGTGGCGGCGGGTGTGGCGGGAGCGCTCGTGCGGT
GGGCGCGGCGGGAGCGGGAGCGGGCGCGGCGAGGAGCAGG( AGCGGGTCGGCCGCCGCTGCGAGCTCGCCGTGG

AGGCGGCGAGAATCGAGATCGACGGCGAGCTCCACGGAGATG TGGGCAGACAGTGGGCCCCACCATATTTATTTGTTG
TGGCTGACAAGTGGGTCCTATATATTTTTCTTTTGTTTTAGCTGA 0 0 e ars GATCTAGGGGGTAATTCATCCGGTTTGTAAAGTTCA

GGGTTAAAAATAACTGGTATTGGAGTTCAGGGTTAAAAATCGGA Y TTGGTGGCTTCAATTTCTGAAATTCCCCAAGTCCAT
TCCGGTTAGCATCACTTTTAGTAGTACGTTCTAAAATCTCCATCT AGCCCAAGGGTCTTGACTACTTGCACTAGGTATTATT
GATCCAGTGGCACCATTACTAGTATTATTTCCATCCTGACTAGTA AGAATACATAAATGATCATTGGATGGATCTCAAAATG

GTAACAAAAATCAGATTTACTATAAAATATTCAATATAGGTAATA TTTAGTCTTATCATTATTCTTAACATGCACCAGTTAA
ATTGCACAGTTAGGGGGAAAATCACGAGACGAATCTTTTGAGC a AAAAAAAAAAAAAAAAAAAAGTGCTACAGTAATGCC

it would take about
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have given rise to the field of bioinformatics--an emerging
discipline that seeks to integrate computer science with
applications derived from molecular biology. We are swimming in

a rapidly rising sea of data...how do we keep from drowning?”
Roos DS. Bioinformatics——Trying to swim in a sea of data. Science, 2001,291(5507):1260-1261
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A= B2 (Bioinformatics) &— 18
2. TFENIREERAEY) R TVE R T
—4k, DLR R = AR R E N B B
2Rb, W T AEYME BRIREL. AbE. fF
it 3B 23 TR S5 %A 5 T

from NCBI’S”GI’Z

www.ncbi.nlm.nih.gov/about/primer/bioinformatics.html
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Insulin Chain A: 8-10YFEEARE (&4, ASV;
¥, TSI; &, AGV) (Brown et al., 1955),

CIWVEQCCES Y C S LY OLENY CH
GIWVEQCOINS T CS LY OLENT CH

e S LY OLENYCH
Human FIWVEQCCINS T OS5 LY QOLENY CHN |

(Linus Carl Pauling, 1901—1994)
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COVID-19 ChRCoV_HKU24
MHV

HCoV_HKU1
HCoV_0C43
EriCoV
MERS
Pi-BatCoV_HKUS
Ty-BatCoV-HKU4
Ro-BatCoV_GCCDC1
Ro-BatCoV_HKU9
Bat_Hp-BetaCoV ] Hibecovirus
Bat coronavirusBM48-31/BGR/2008
Bat-SL-CoVZC45
9L @ WH-Human 1
Bat SARS CoV Rf1
Bat SARS coronavirus HKU3
Bat SARS CoV Rm1 Sarbecovirus
Bat SARS CoV Rp3
SARS-CoV TOR2
Civet SARS CoV SZ3
8] SARS coronavirus WH20
SARS coronavirus BJO1

Embecovirus

Merbecovirus

] Nobecovirus
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Margaret Dayhoff Michael Waterman

L ADayhoffdy FOWatermanfy BiEPRE
, BINERARTEDERFAIRE. BIICiREmM T4
YERFI— 1 RE ZIKEI’JP\J@FDEE'i“t’z FRAIELER.
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TE;(ISEHZ Paulingt® Hi 7 F i3t {b B8

1967 Dayhoff@@%ﬁﬁ)#?ﬂ%ﬁ%ﬁ

1970 Needleman-Wunschﬁ?%wﬁth

1981 Smith-vgga}%r/rgi;;lﬁgﬂﬂéfl_ﬂﬁuj

Genbank3{ NI v

ggg WilburfF[lLipman%%tﬂ}?ﬁﬂiﬁi‘)ﬁﬁEl‘]%@%'?ﬁiﬁi

1985 P e A1 AR AL M 48 2B P FASTP/FASTN A& AR

988 NCBI# L

1990 BLAST X AR ‘

1991 FKILFEHFRZE (EST) #42H, JTOIESTINF

1993 Sanger.Ca 57, -

1994 %W%%%%%ﬁﬁ%@x

1995 B — AN 2 IR ZHL 0 P 58

1996 @ﬁ%@ﬁ%%ﬁ& \
PSI-BLAST(BLAST & 4272 —) KA

2001 NSFER H B A i

gggé F_REEENFEARBI .

2008 BT EE 2 B S H I B RRNA-Seq s H 3

2009 5= AR EEE N PR §

2018 DeepMind /A &) % A AlphaFold TR 2 [ Jif 25 ¥4 54




Genome Sequenced
WK N TN ]A]

é\ GCGOLNEe ATG-CAC-GGC-AAT-TTG

Protein Sequence of Gene Found

M H & N

MHGNL ... Human
Sequence Compared
to Other Organisms QHGNW ... Mouse
GHGNK ... Yeast
3D Structure of »/” ‘ Drugs Produced
Target Sequence 9 to Bind to Target
"HGN" Found % Sequence

Fig 3: Bioinformatics
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Science Paradigms(#5 1)

“o OV A SR R R RN Z A BB . B
ZF NS HEN B %, AR5 BRI RS2 b &, B EREYS
UE X LRI, ... VN F AN IR T AL
, I H AR EESARARA I A L R AR AR
——W. Gilbert, Towards A Paradigm Shift in Biology, Nature,
349(1991)

Biology in the 21st century is being transformed from a

purely lab-based science to an information science as well.
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« NLHEHRE: HPlas 7@%?1]\[3’] A

— John McCarthy, 1956%F k45 <>

o« Hlas > ibplas M%ZTE SRk

- Alan Turmg (Bﬂ:-x), 19504F & 13 “Computing
Machinery and Intelligence”

E ] IRIZAH A P A T

— Geoffrey Hinton, 2024437 VIR

K

»
>
[

]

iP

Artificial Intelligence Machine Learning Deapiiesrrinng

Any technique that enables
computers to mimic human
behavior.

The ability to learn without

; 1 The learning of underlying
directly being programmed.

features in data using deep
neural networks.
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STRUCTURE SOLVER

DeepMind’s AlphaFold 2 algorithm significantly

e Alphafold2fitill v JL-F-FhE & H 5 (2.14
ie)em (2022) S
— NTHEBEERTR S 4V R
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determined structure

ge)

GDT_TS; avera

(

i3
1%
Q
s
@
o
c
@
o
2
o
®
Q
i)
O

2006 2008 2010 2012 2014 2016 2018 2020
Contest year




AREFEAE

=M 5THEPIEA: BioEdit, Linux
VI IEE: GenBank, PBD

F5]tE%t: ClustalW, BLAST
STHUERGERKER: MEGA

EH RSB PyMOL

PCRE| ¥ tt: Primer Premier5

FEHEHZE: DNANF. AR5
T—RIMWFE (NGS): WGS, RNA-seq, Microbiome
. itk 5%FEEARE: R/Python
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5 B &I A VT

EMERF
S5E2BRASHAN

o ZRIMEE, EVEEFEERASTTAT], 2021,
WL K 5 HE RRURE

« Bioinformatics: A Practical Guide to the Analysis of
Genes and Proteins, 4th Edition, 2020

.« B
~ URRPPT. RS TR

https://moocl.chaoxing.com/course/240919024 .html



https://thelilab.gitee.io/bigbook/
https://mooc1.chaoxing.com/course/240919024.html
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https://www.icourse163.org/course/SDU-1001907001
http://www.chinesemooc.org/mooc/4393

PREFES 1% )7 3\
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— B RAHR IR R, A —IAEYIE R ENE,
. Bk, BIEES,
— gEEH OHISE, $@@~4ézf§$ﬁa‘%ﬂ@m%ﬁ%ﬁx
(FWCOZE. HEXOLEHTFS) .

o PP AR
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~SERF R SGE (50%) 2 WREEMV+EELR TS

RSt (50%) : /NHBRFER 5 (2~3 N /4H)



Primer of Molecular Biology

no azsa  April 25, 1953 NATURE

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid
|~

-
> gt

Coaverwdish Laboratonry, Cosnbrsige.

Apnil 2




Molecules of Life

» Types of molecules in cells
— DNA: genetic material

— Protein: 3D structures
— RNA: intermediary between DNA and proteins

» Role of molecules in cells
— Pass on the Instructions for making an organism
— Perform various chemical reactions necessary
for life




DNA: genetic material

P.

» Double Helix B
« Basic unit = nucleotide H
— 5-Carbon Sugar
— Phosphate
— Base: (A, G, T, C)

» Repeating backbone of sugar and phosphate
— 10bp per turn (34 A)

— Each bp = 3.4 A. (linear information storage density is
~6 X 108 bits/cm)



Why Is DNA double-stranded?

Base pairs (A-T, G-C) are complementary, Known as
Watson-Crick bps

A double-stranded DNA sequence can be represented
by strings of letters.

5 ... TACTGAA.. 3

3'...ATGACTT ... 5’

Length of DNA in bps (e.g. 100kbp)

TEKE R T4 — B Z TR E—D 741,
w1 E 5 AAAGTCTGAC .




RNA: intermediary between DNA

and proteins
« Chemically, RNA Is very similar to
DNA. There are some main
differences:

— RNA uses the sugar ribose Instead of
deoxyribose In its backbone.

— RNA uses the base Uracil (U) instead
of Thymine (T). U is also
complementary to A.

— RNA tends to be single-stranded.

« Example of types of RNA:

— tRNA, mMRNA, rRNA, microRNA,
CircRNA...




Proteins: the building blocks of life

 Different Roles of Proteins Protein - Hetallo Seta Lactamose
— Enzymes (
— Carry signals
— Transport small molecules
— Form cellular structures (tissues)

— Regulate cell processes (such as
defense mechanisms)




Proteins made of Amino Acids

Proteins consist of amino acids linked by
peptide bonds

Each amino acid consists of:
— acentral carbon atom
— an amino group
— acarboxyl group
— aside chain (Differences in side chains

Amino acid

C = Carbon

{ = Nilrogen

distinguish the various amino acids) Ry
20 different amino acids found in nature: IR Hyaeraan

= Side chain molecules

— alphabet of 20 letters

Peptide bond formation:

— Loss of water leaves residue of original amino
acid — thus, protein has residues



20 amino acids

i COQ- : Coo” COd~ Coo”
Convention: 3-letter or 1-letter  [EEcIEEs HpECH gl HCH
. . . . . 3 i gt PLULLTNEIFLE Ly
Amino Acid side chains vary In: | | < CHy chy
] NTIHE o HEC FH:‘ Lot CHy Proline
. eucine S0oleucine P
Slze CO0” 00" L COQ” I Co0” CoO”
— Shape H3H-C-H -C- H3H-C-H H3H-C-H HaH-C-H
Polari Chy . Gy H CHy
— FO arlty EHE (& Chve ol
. Y lycine serine
Metlﬁggine Fheny}-alanine Try]:ﬁphan ;m_ iﬂn_
8: nonpolar and hydrophobic IS L
; HC-OH ; CHy ; CHs EHE l+||
CHy SH L. L.
“1: reonine zteine 0" HH 0" HH :
12 are polar and hydrophilic TP O™ apuaginen_Gutamine @ ryrosie «
— 2. acidic, negatively HIECH WglEH ] e b i
charged £ CHp Gy  CHy He=C,
: .. ¢ 0 L CH, CH, HH__
— 3: basic, positively charged D oM f

Acid Acid oHH' HH

D E Lysine  Arginine Histidine
K R H




How genes encode proteins

— Replication: DNA synthesis
— Transcription: RNA synthesis
— Translation: Protein synthesis

Traits/Phenotypes




DNA replication

New strand

e DNA — DNA |
Single-slran e ]
* DNA polymerase .{bmpmtﬁn 4N

Lagzing template Hclicase
RNA primer

. Parental DNA
SN Ll o TDNA primase
SR N

DNA polymerase gka;i]aehnt

Collaboration of Proteins
at the Replication Fork




Transcription

« DNA — RNA (Replace T with U)
5¢ ... TACTGAA ... 3° (It k)

U= /W///W//

Chremoesoemal DNA i 1

Transcription

 RNA Spl ICI ng \ (RNA synthesis)

— Introns are removed = D= A, o
— Exons are retained and joined |
% «| RNA Splicing

Messen ger RNA

RNA synthesis and processing




Translation: protein synthesis

MRNA — Protein

Ribosome

Codon

— unit of 3-nucleotide in MRNA

Anticodon | ;"'g%,izﬂ.zw‘ﬁ". )

— unit of 3-nuclotide in tRNA
Genetic code: 64 triplet codons

— - stop codon

— 61 codons to specify only 20 different
amino acids -- most of the aa’s are

Phe | Ser Tyl
P} 'Se Cy's'
IﬂF' STOF'

STOP
IE Arl]

Ile
Ile

represented by > 1 codon. Va

Va!

1st base in codon

Genetic code is degenerate!!! The Genetlc Code

UOPO3 U 8584 PIE




ORF: open reading frame

o FFIURGEME: MEIREL G, BHIZ& IR
¥~ &5 3R ) 208 1 P 3

o [ Rl AR BRI L R, RA 4%
PRI 1E fiff Fo) A A7 BV 5] 1524 (reading frame) o [s] 5E

A BENG HERR HL BN 1

5" ATGCCCAAGCTGAATAGCGTAGAGGGGTTTTCATCATTTGAGTAA 3'

[HEEAE

1 atg ccc aag ctg aat agc gta gag ggg ttt tca tca ttt gag taa
M P K L N S Vv E G F S S F E %

2 tgc cca agc tga ata gcg tag agg ggt ttt cat cat ttg agt

C P S * I A X R G FH H L S

3 gcc caa gct gaa tag cgt aga ggg gtt ttc atc att tga gta
A Q A E * R R G V F I I * v

5. ORF5 A ) X 5] ?




Flow of genetic information in a eukaryotic cell

Replication

. ; /\) DNA polymerase
ININININININININ

/\/\/

T

VAVAVAVAVAVAVAVAN
TNTNTNTNINTNTNFN\

|

NAAYAYN
RO SRR -y
AP Transcription
~—_mRNA
. exon . intron ' exon . mRNA

RNA polymerase

: spliceosome

nucleus

mRNA
\ l cytoplasm

amino acid

Translation

rm
LLU_I_IJ_I_I_Llﬂ_LLLLLLLLI_I mRNA

@
. ..
ribosome
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e W& F(Intron)5 4k &+ (Exon)
- JEBIEEX (UnTranslated Region, UTR) . J3 3l
+ (promoter) . 1551 (enhancer)[X &5

Promoter

Primary
transcript

PolyA
signal

Mature
mRNA

.(UGA/UAA/UAG)

Protein



DNA sequence

1 gtcgacccac gcgtccgtct tgaaagaata tgaagttgta aagagctggt aaagtggtaa
61 taagcaagat gatggaatct ggggctccta tatgccatac ctgtggtgaa caggtggggc
121 atgatgcaaa tggggagcta tttgtggctt gccatgagtg tagctatccc atgtgcaagt
181 cttgtttcga gtttgaaatc aatgagggcc ggaaagtttg cttgcggtgt ggctcgccat
241 atgatgagaa cttgctggat gatgtagaaa agaaggggtc tggcaatcaa tccacaatgg
301 catctcacct caacgattct caggatgtcg gaatccatgc tagacatatc agtagtgtgt
361 ccactgtgga tagtgaaatg aatgatgaat atgggaatcc aatttggaag aatcggg

421 agagctgtaa ggataaagag aacaagaaga aaaagagaag tcctaaggct gaaactgaac

* Protein coding regions of Genes begin with ATG and end with either

* atg atg gaa tct ggg gct cct.. use genetic code..
e M M E S G A P ... *

«  Study function of proteins and expression of genes in different organs and tissues
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(Sequence Manipulation Suite

SMSJ& FJavaScriptdm 5 17 FHE T H, mIAEATAR] X 25 30 e 28 H is 4T
BT SMS R 3k B A e H

SMSE U/ AA= A 1 2 Ml ot TR .

 Sequence Manipulation Suite:

Reverse Complement
Format Conversion

Combine FASTA Reverse Complement converts a DNA sequence into its reverse, complement, or reverse-complement
_EMBL to FASTA counterpart. The entire IUPAC DNA alphabet is supported, and the case of each input sequence character is
-EMBL Feature Extractor maintained. You may want to work with the reverse-complement of a sequence if it contains an ORF on the

-EMBL Trans Extractor
_Filter DNA reverse strand.

-Filter Protein

-GenBank to FASTA Paste the raw sequence or one or more FASTA sequences into the text area below. Input limit is 100,000,000
-GenBank Feature Extractor

-GenBank Trans Extractor characters

-One to Three

-Range Extractor DNA

-Range Extractor Protein

-Reverse Complement

-Split Codons

-Split FASTA

-Three to One

-Window Extractor DNA

-Window Extractor Protein

Sequence Analysis Clear = Reset
-Codon Plot

-Codon Usage
-CpG Islands . reverse-complement b
-DNA Molecular Weight

DA Eattern Find *This page requires JavaScript. See browser compatibility.
-Fuzzy Saezmh DNA *You can mirror this page or use it off-line.

-Fuzzy Search Protein

-ldent and Sim

-Multi Rev Trans

-Mutate for Digest ’

-ORF Finder valid XHTML 1.0; Valid C
-Pairwise Align Codons

new window | home | citation



http://www.bioinformatics.org/sms2/index.html

BioEdit

b
(N )

A

%" BioEdit Sequence Alignment Editor

ENA World Wide Web Options Windew Help
Ctrl+H
Ctrl+0

Hew from Clipboard

Retrieve sze

Open A= T

Bun secript

e Dlata

epT_DHA aln




bioeditD] FE 41| 2

FroA LRIFNRMATR;

3 432 . R . N B8 BERSSXK,

XS HED | PEFFF R A RER Bt SR — RISl ;
raﬂme QUK KL P B 43 DO T /A T HEBR J0A
MY HUR. TR R B B RGN N,
& AT WERE S BUKIEREE. K AOETFHY

o 9 S i 32 DNA B RNA SRR R
e AR (5 Y 5 b IR R
o) HEERFERPERE, £l—5E.

RNA HCEEM AT L5, WMLERCN; HAE{H BT

BLAST A3 Blast; BLAST INTERNET Z&FOmEfF
22

BEL T

(i I BB T L HTML BLAST RO4&3I%E2% ;PSI-BLAST ;nnPredict -




1. FANFH VL

1.File—Open...

2.File—New from Clipboard

3.Sequence—New sequence




DNA ¥ 18 7 itz A i 471

* Sequence—Nucleic Acid— Translate

Window Help

11 1.
y HTTP to GenBank
i number in title by HTTP enBank (i

export (monoj

composition and mass export with av

mplement

Frame 1
(or fe

Unsorted rame Translation

ermanent)

o TESCHF-EFESequence—Toggle TranslationB A, 9 0]{¢
PRIEFECLrI+G;




A B AN A

... TACTGAA ... 3

* Sequence—Nucleic Acid—Reverse Complement

$¥ BioEdit Sequence Alignment Editor - [Untitled from Clipboard]

$ File Edit [Sequence | Alignment View Accessory Application RNA World Wide Web Options Window Help

Edit Sequence

Edit all selected

Select Positions

Open at cursor position

Extract Positions

Go to Pubmed references

Overwrite/Retrieve sequences by gi number in title by HTTP to GenBank

Overwrite/Retrieve Genbank data by gi number in title by HTTP to GenBank (ignore sequence)
True positions from alignment positions

Phylogeny / Taxonomy

Filter out sequences containing certain characters e
Rename

Sort

Base composition and mass export (monoisotopic)

Base composition and mass export with average masses
PCR Primers / oligos Complement

Reverse Complement Shift+Ctrl+R
DNA->RNA

RNA-=DNA

Pairwise alignment
Similarity Matrix (for pairwise alignments and shading)

Features
Translate

Find next ORF
Edit Mode Find ORFs from a list of positions

Sequence groups (or families)

Mask Create Plasmid from Sequence

Gap beginning to minimize stop codons in reading frame 1
T I

oggle Color codon search
Gaps Restriction Map
Manipulations Sorted Six-Frame Translation
Nucleic Acid Unsorted Six-Frame Translation

Protein




2rLias gl

11 AR Mode N Edita] %51k R 41 34T
R, 4 NOverwrite FlinsertPi fi T =

% Biokdit Sequence Alignment Editor - [Untitled from Clipboard]

$ File Edit Sequence Alignment View Accessory Applicd
= D

B 3 W - B 1 total seque

Selection: null
Position: 1: ~out 15




RAF 4]
% HL e EEFile—Save as, PRAF X% G

7J|J fasta, fRfFE

S Fasta (*.fas).

(%47 Nfastats =,

¥ 41 BT



BioEdit/y 41 &b 3

(1) MNCBIM L geneZ s FE R &= 3 | 2 CFTRA

L b

A

il

MRNAFH(Z 5] S5: NM_000492.3), {517 Afastatg = 1
(CFTR_MRNA fasta), FFHic 2 AT FF 4R BAT B0k

>CFTR_mRNA.

Rr=gre =
1 >CFTR_mRNA

ATTOEAAGCARATGACA

& TTTTAAAAAGATGCGCTATCA

TCACA
3 TCTTTGOCATTAGLAGCTTGAGC
4 GTCECCTCTOGAAAAGGCCA
5 GOAAAGACACGTOLCCACGAAAG

LG

TT



(2) HIBioEditf] /FCFTR_mRNA.fasta 4.

% BioEdit Sequence Alignment Editor

Edit Sequence Alignment View Accessory Application RNA World Wide Web Options Window Help

1 total sequences

Sequence Mazk: None Start ]
Murbering Mazk: Hone ruler at;
Seroll L] _ -
0 2l 'III' -q fazt

(3) R AB15 2] EmRNATDNA AR &% (template) /7 771
, 1] L BioEdit=Z & Sequence -> Nucleic acid ->
Complementf53).



(4) ¥ IHEmRNARI RS Hi: Sequence -> Nucleic acid -
>Translate

2 Translation from F\sequence.fasta: Frame 1

BE ¢#XB&GI M B/
m 1 1 1 1 1 1 1 1 1 1 1

*CFTE_mEHA

BAT TGG AMG CAd ATG ACA TCA CAG CAG GTC AGA GAA AR GGG TTG 45
fsn Trp Lys lo Met Thr Ser Gln Glo ¥al drgz Glu Lys Gly Len 15

MGC GGC MGG CAC CCA GAG TAG TAG GTC TTT GGC AT #F AGC TTG 90
Ser Gly Arg Hiz Fro Glu End End ¥al FPhe Gly Ile Arz Ser Lem 30

C MGG GC GCC CGh GAG ACC ATG 135
o Ser Arg Asp Fro Ser Ala hrg Glu Thr Met 45

GTT GTC TCC Add CTT TTT 180
er Val Val Ser Lys Leu Fhe 60

181  TTC AGG TGA GAM GGT GGC CAh CCG AGC TTC GGA AMG ACA COGT GOC 226
&1 Fhe Arz End &lu Gly Gly Gln Pro Ser Phe Gly Lys Thr Arz 4la 75

(5) B EERRFHIHRAEIM (ATG) H&IEZ 1 (*) K B
. % H. Sequence->Select positions, % U115 24w & H I DNA
Jy-41|(Edit->Copy). fEALGEILATG, 54 ILEIETAG.
E: ALCDSA B 4133..4575,



(6) FECDSF%): £H.Sequence->New sequence, 7EBk
H B E ks ECDSF 41 (Ctrl-V), 731144 FR (Name) i A\
“CFTR_CDS” , Sequence typeii “DNA”

% BioEdit Sequence Alignment Editor
Ele Edit Sequence Alignment View Accessory Application RNA  World Wide Web Options  Window Help
® O

B

Calect / Slide - S ele h 1t; il Sequence Maszk: None
i Mumbering kazk: Mone

F
g I DI D foo- - Bk

(7) EFECFTR_CDSJ¥ 41, HHSequence- >Togg|e Translate
3 2|CDS/F A A LR T A . R REEAEARIEW, SRR
31521480 N = 3T




e
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— BioEdit (Win)
— SnapGene (Mac/Win)
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