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_Nucleotide bioinformatics Il

Retrieving nucleotide sequences from databases (Genbank/NCBI)

Feature analysis: statistics, reverse complement, restriction analysis
Translation, identifying open reading frame

PCR primer design, rt-PCR

Secondary structure prediction

Sequence comparison, unknown sequence identification

Single Nucleotide Polymorphisms

DNA sequencing

Gene expression

microRNA

Genomes....



Nucleotide sequence comparison

-Analogous to protein comparison

Local Alignment

| Target Sequencel
5" ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3'

LY RIGTT SRR D]
Query Sequence |5 ' TACTCACGGATGAGGTACTTTAGAGGC 3'

Global Alignment

| Target Seguencel
5' ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3

1O 41 11 0 LA
5' ACTACTAGATT----ACGGATC--GTACTTTAGAGGCTAGCAACCA 3'

Query Sequence




Nucleotide sequence comparison

-Analogous to protein comparison

e.g. multalin

— Comparing/looking for short sequences (primers)

Default matrix:BLOSUM®62

input:

>sequence
GGGCACACTCCAGCAGACGCCCGAATTCAAATCCTGGAAGGATGGAAGAAACGCCTGGAGAATATTTGGG
ATGAGACACCACTGTATTTTGCTCCAAGCAGCCTCTTTGACCTAAACTTCCAGGCAGGATTCTTAATGAA
AAAAGAGGTACAGGATGAGGAGAAAAACAAGAAATTTGGCCTTTCTGTGGGCCATCACTTGGGCAAGTCC
ATCCCAACTGACAACCAGATCAAAGCTAGAAAATGAGATTCCTTAGCCTGGATTTCCTTCTAACATGTTA
TCAAATCTGGGTATCTTTCCAGGCTTCCCTGACTTGCTTTAGTTTTTAAGATTTGTGTTTTTCTTTTTCC
ACAAGGAATAAATGAGAGGGAATCGACTGTATTCGTGCATTTTTGGATCATTTTTAACTGATTCTTATGA
TTACTATCATGGCATATAACCAAAATCCGACTGGGCTCAAGAGGCCACTTAGGGAAAGATGTAGAAAGAT
>2.exon

CAGGATGAGGAGAAAAACA

9 Alignment parameters

@ Symbol comparison Table - Gap open def. - Gap ext def.: @

[ Blosumé2 - 12 - 2 v | if "Personal' select a file: Nevybran Zadny soubor

1 10 20 30 40 L B0 T 0 90 100 110 120 13?

sequence nl.mcntntrccmcmncml:cmmrcmrccmmmwmﬁnmmmc"raﬁmmrﬁmnmmmmmnnrlmmmmmnmnmnmmmmm
En:lt:ru:; ..................................................................................................................................
131 140 150 160 170 180 190 200 210 220 230 240 250 25?

sequence }tnmmmmmm:munrwwumnmmmmnmu T ETETHSGCI:III'I:I'I:T'IEH‘.I:FIIE'IIIHTEMIMMHTCMIRMT@HT'I'l:l:l'l'ﬂil'.'l:l‘é

Fprimer CAGGATGAGGAGARRRACA

Lo = T ——— = [ P P ————
261 270 280 290 300 30 320 330 340 350 360 amn asn ‘]9?

s;quinna éIITTTC[TTCTmTETTHTEmTETHSETﬂTCT'I'I'I:Cm'I'T['.CI:TEFE'I"I'[i['.TTTlﬁTTTTmmﬂnTETI‘:TTTTTCTI’TnI'.CmMTMT“HIMTEMDTETH"EGTEH;

primer

COMBOMEUS oo rnusensesntress st st sssatsetsstessssessstsesstsrsttsetttentstessetestesssteessitessstsetttasisetessetssissssssssstssetssnssrenss

I3 ik 41 420 430 440 450 A6 a4 i 490
| I
TITTGGATCATTTTTRARC TGATTCTTATGATTACTATCATGGCATA TRACCARART CCGAC TGAGE TCARGAGGTCAC TTAGGGARAGATGTRGARAGAT




Seqguence comparison

open Multalin

from Examples:

» A: compare long and short sequence (default Blosum matrix)




Seqguence comparison

open Multalin

from Examples:

» A: compare long and short sequence (default Blosum matrix)

1 10 20 30 40 50 G0 Fo a0 90 100 110 120 130
sequence EEEEHCHETEEHEEHGHEGEEEEHHTTCHHHTEETGGHHGGHTEEHHGHHHEEEETGGHGHHTHTTTGGGHTEHEHCHEEHETETHTTTTGETEEHHEEHGCETETTTGHEETHHHETTEEHGEEHEGH}
Cungézzzg b e 888 e e e e S e e e S e e S S e e e e S e S e e et et ettt sttt
131 140 150 160 170 180 190 200 210 220 230 240 250 260
sequence }CTTHHTGHHHHHHEHEGTHEHEEHTEHGGHEHHHHHCHHGHHHTTTEGCETTTCTETGGGECHTCHCTTGGECHHETCCHTECCHHCTGHCHHCCHEHTCHHHECTHEHHHHTEHEHTTCCTTHECCTé
2.exon CAGGATGAGGAGAARAACA
Consensus  ...sssssssssss220+++CAOGATORAGGAGARRRARACH, &4y ss o ssssetsssttstss sttt sstsstssststtsttisststisstitntstttetitnststitetitntstttstisntsts
261 270 280 290 300 30 320 330 340 350 360 370 380 390
sequence éHTTTCCTTETHHCHTETTHTEHHHTCTGGGTHTETTTEEHEECTTCCETGHCTTECTTTHGTTTTTHHGHTTTETGTTTTTETTTTTCEHEHHEEHHTHHHTEHEHEEGHHTEEHCTETHTTEETECH}
Cnngéﬁzzg e s EE e e e e e e e S e S e S e e e e e e eSSt e RSt E St E s
391 4 410 420 430 440 450 460 470 480 490
sequence }TTTEGHTEHTTTTTHHETGHTTETTHTGHTTHETHTCHTGEEHTHTHHECHHHHTCCGHETEEEETCHHGHEEEEHCTTHEEEHHHGHTGTHEHHHGH}
Cungézzzg b e 888 e e e e S e et e e e e S e e S e et et et st sttt a

>Using both matrices would look like the same




Nucleotide sequence comparison

-Analogous to protein comparison

e.g. multalin

— Comparing sequences identified and unknown

Default matrix:BLOSUM®G2 - often does not work for DNA sequence

NH_015696.4
69BF16
Consensus

HH_015696.4
69BF16
Consensus

HH_015696.4
69BF16
Consensus

HH_015696.4
69BF16

Consensus

NH_015696.4
69BF16

.

1 10 20 30
I ¥ + +
GTCTTTGCCCTCGCGACGCCGCCACCTCLG

NGGCATTCTCCCGCACTGTGTGGG
+ss+ssfCcCacglgaleclaleaccTech

131 140 150 160
I i i i
TCAACATCCGGGGCARACTGGTGTCGCTGG
ARAATTCTAGTATTTTGATTATTTGAATCT
aaffAcaccalgagcaaaalgalglcaalcg

261 270 280 290
| + + +
GGGCCCCCACCACTTTARCGTGCTCGCCTT
AGTATATCARG-CARTARTCTCCCACCCAAR
abgacacCRac.CaaTAAccTeCeacCCaa

391 400 410 420
I " " "
ARGATTGCAGTCACCGGTACTGGTGCCCAT
AGGCATTCAATGARCATTTTTTG=--CATA
RaGaaTgCRaTcRaCagTacTgh, ..Caaa

521 530 540 550
1 + + +
ACCCARCTGTGTCAGTGGAGGAGGTCAGAC
CTGTATTATTTTCTTCATTACARRRGAAAT

NH_015696 .4
69BF16
Consensus

NH_015696.4
b69BF16
Consensus

NH_015696.4
69BF16
Consensus

NH_015696.4
69BF16
Consensus

HH_015696,4

YRR A

") Alignment parameters

@ Symbol comparison Table - Gap open def. - Gap ext def.: @

| Blosumé62 - 12 - 2 v | if Personal' select a file: | Zvolit soubor [ Nevybran Zadny soubor

Blosum62-12-2

Dayhoff-8-0
Risler-50 -0
Genetiq-1-0 lefault: value from comparison table) @
DNA-5-0
ARDNA-30-0 : e i
Identity - 1-0 lopening: | default |
Personal  extension: | default |

261 270 280 290 300 310 320 330 340 350 360 3?0 380 3

1
GGGCCCCCHCCHCTTTHHCETGCTCGCCTTCCCCTGCHHCCHGTTTGGCCHHCHGGHGCCTGHCHGCHHDHHGGHGHTTGHGHGCTTTGCCCGCCGCHCCTHCRGTGTCTCHTTCCCCHTGTTTHGDH

L L L L R R N R

?31 400 410 420 430 440 450 460 4?0 480 430 500 510 5
HTTGCHGTCHCCGGTHCTGGTGCCCHTCCTBEETTEHHETHECTBEEEDHBHETTETEEEHHEEHECCEHCCTGGHHCTTCTGGHHGTHCCTHGTHGCCCCHGHTGGHHHBBTBBTHBEBBDTTBBEH

R R

521 530 540 550 550 5?0 580 590 600 610 620 530 640 B

+

1
EHHCTGTGTCHGTGGHGGRGETCRGRCCCCHGHTCHCHECGETCGTGHGGHHGCTEHTCCTHETGHHGCGHGHHGHCTTHTHHCCHCCGCGTCTCCTCETCCRCEHECTEHTEEEEECEHCEIGTGTG
HGGCATTCTCCCGCAC---TGTGTG

eeatsesseessesteestetatetestteeatetetetetettetesetttttsettsestsestsstsssssssssensssssssssssssnsnssssnCAlalcalCCCGlal,, TGTGTG

651 660 670 380 690 700 710 720 730 740 750 780 770 ?
1
GCTG-HCCHH-TGCHHHCTCHHHTGGTGCTTCHHHGGGHGHGHCCCHCTGHCTCTCCTTCCTTTRCTCTTRTGCCHTTGGTCCCHTCHTTCTTETEGGGGHHHHHTTCTHGTHTTTTGHTTHTTTGHH
GCTGGACCARATGCARACTCAR-TGGTGCTTCAR-GGGAGAGACCCACTGACTCTCCTTCCTTTACTCTTATGCCATTGGTCCCATCATTCTTGTGGGGGARAARTTCTAGTATTTTGATTATTTGAA
GCTG,.ACCAA, TGCARACTCAA,. TGGTGCTTCAA, GGGAGAGACCCACTGACTCTCCTTCCTTTACTCTTATGCCATTGGTCCCATCATTCTTGTGGGGGARAAARTTCTAGTATTTTGATTATTTGAA

781 ?90 300 810 320 830 840 850 860 870 880 890 900 9

TTRCHGCHHCHHHTHGGHHETCETGGEEHHTGHGHGCTCTTGHCCHGTGHHTCHCCHGCCGHTHCGHHCGTCTTGCCHHCHHHHHTGTGTGGEHHHTHGHHGTHTHTEHHGCHHTHHTCTCCCHCCCH

T T — T A T T T T T T T T T A T T T B T T T T T T T R T T T T e




Nucleotide sequence comparison

-Analogous to protein comparison

e.g. multalin

% CO m pa ri n g ge n O m iC D N A a n d c D N A ( m R N A) 1638116330 16400 16410 16420 16430 16440 16450 16460 16470 16480 16490 16500 16510

! 1
NG_011504,1  ARGGACAATARTGATCTCTTTCCTTARRGTGCTAACTCCCCAGGAGGARTGGEARAGGTGTGAAGAGGGGCT TCCCACACAGTGCCATCATGGEGAGCGGCTCAGCACTCCGAGCCACCTTCTGRGCTTG
HH_00:1303 , 2

Defa u It : B LOS U M 6 2 é D N A 5 -0 - :}.551115520 16530 16540 16550 16560 16570 169580 16590 16600 16610 16620 16630 1654?

HG_011504,1 GGEGAGCCCCTGGTCTTACCTCAATGATGTCTTCTGTCCCACAGTTCCCCCTGCAGTGGTTTGEAGTCCCTGCCATTCTGARAGGCTGETTTGAGCGAGTETTCATAGGAGAGTTTGCTTACACTTACGLT
NH_000303, 2 TTCCCCCTGOAGTGGT TTGGAGTCCCTGCCATTCTGARAGGCTGGTTTGAGCGAGTGT TCATAGGAGAGT TTGCTTACACT TACGCT
CONSENSUS  seveevesssrsrsssssrssssassssssssssarsressss ILLLCCTGCAGTGGTTTGGAGTCCCTGCCATTCTGARAGGCTGGTTTGAGCGAGTGTTCATAGGAGAGT TTGCTTACACTTACGCT

?002120030 20040 20050 20060 20070 20080 20030 20100 20110 20120 201: ::.554116550 16660 16670 16680 16690 16700 16710 16720 16730 16740 16750 16760 157??

HG.011504,1 ARATGCACCCACGCAGGTCTTGGRTGAGTCACCTGE CARGARRC TGAGAC T-CCCTARAGTARCAGARCTTC-CAGCCTTCTTGECARAGEATCCAGGT TERGCACAGTT MG_011504,1 GCCATGTATGACARAGGACCC TTCCGGGTARGTGEATGETTCTGARTGCTCTGACAGCCAGCTTCTRARTGETCTRTCCTGATGCAGEEETGTTTRTTTRTTTRTTTGTTTGAGATGGAGCTTCCCTCTT
HH_000903,2 CTGGECTTATAARGAAGGCCATC=TGAG=======CCCAGATATTETGGC TGARCARARGARGC TEGARGC CGCAGAC==C TTGTGATA==TTCCAGT T===CCCCCTEL '"‘Eﬂgggag EEEHE}HEE%ESEEEEEEHEEEE.E
C us aaag AaGafbGeCalc, TGAG, . .. ... CC3AGAaRc TGabal T, aalalAAGafaCabafageC  CAGAC, JCTTGecAaN, ,aTCORAGET, JCaCacTar e e e e e sttt st e

2015120160 20170 20180 20130 20200 20210 20220 20230 20240 20250 202¢

1677116780 16790 16800 16810 16820 16830 16840 16850 16860 16870 16880 16890 16900

1
HG_011504,1 GTTGCCCAGGCTGGAGTGCAG TGECGGGATCTCGGCTCACTGCARCCTCCACCTCCTGRGTTCARGCGAT TCTCCTECCTCAGCCTCCCGRAGTAGCTGGGAT TACAGGCATATGCCACCATGCCCGGCTR

1
NG_011504.1  AGARCACACCTGAGARGGC TARAAT TGGTAACGGE TAGGTAGAGGGTARGAGAGAGACGC TAGCTCTGAACTGATTCTCTAGTGTGCCTEAGECCTCETTA=TCAGAGT ' Comoenaus  ~.osososororssssssosososssosoeosossssssssssssesessss oo e ssssormsssnsssn o oo ososeseseiormoasse oo isoios oo ioin i
NH_000903,2 ==-=-CCATTCTGA=ARGGC TGGTTTGAGCGAGTGT TCATAGGAGAGTTTGCTT===ACACTTACGCTGCCATGTATGACAAAGGACCE T=m===~TCCGGAGTANGARE .

Consensus  ....CaaacCTGA,ARGGC TaaaaT gaboalcglic TaagaabiGabTaabaga, . JACaCTaalgCTGaaaTGaaTcaCafaghacCCT, . . .. . TCCgeR. TaRGRag 1690116910 16920 16930 16940 16950 16960 16970 1698y 16990 1reeh 1w | rrees | 1mse

HG_011504,1  ATTTTGTATTTCTAGTAGAGACGGEGTTTCTCCATGT TRETCAGECTGETCTTGRACTCCTGACCTCAGGTGATCTACCCGCCTCAGCLTCCCARAGTGCTRTEATTRCCGRTRTEAGCCACTRTRCLCE
2028120290 20300 20310 20320 20330 20340 20350 20360 20370 20380 203¢ HH_000303,2
|

HG_011504,1 CAACTTCTGTTGTTTATAGTACAR=-CTGCATGGAATTGETTGACTTACCTCTCTGTGCTTTCTGTATCC===TCAGAGTGGCATTCTRCATTTCTGTGGCTTCCARGTC 1703117040 17050 17060 17070 17080 17030 17100 17110 17120 17130 17140 17150 17160

HH_000903,2 TGEGTGGECAGTGGCTCCATGTACTCTCTGCARGEGATCCACGG6——GACATGARTGT-CATTCTCTGGCCART TCAGAGTEGCATTCTGCATTTCTGTEGCTTCCARGTC
Consensus caacgglabiTgbcTeaaaliTACaa. CTGCAaGGaATecacgba, .gACaTcaalGT . CalTCTeTagCr, .. TCAGAGTGGCAT TCTGCATTTCTGTGGCTTCCARGTC :“":g".gg;; BTG TGATGCRGEGTTT TGAGCACART TRGATCCTARGEL TRGGCTLCRGETCCTTCGRARGAEACGCAT CATCARGTTT TTALAGH TERARTEACHTGATGT T TREGATTTGTTTTRRRATEC TCLAGA
DOMBENGUS 4 ureonessorassesossssssssssssessssssssssssssstssstssssssessssssstsssssssssssssssstsossssstsosasssttssssssststssssststsssestssstons

2041120420 20430 20440 20450 20460 20470 20480 20490 20500 20510 205z
| + 1|.71s11717u 17180 17190 17200 17210 17220 17230 17240 17250 17260 17270 17280 1729?

NG_011504.1 AGCATTGGGCACACTCCAGCAGACGCCCGARTTCARATCCTGGARGGATGGARGANACGCCTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCANGCAGEL ye 011604.1 GBCRGRALGIAGTBOET CREGLLTGTART T CAGCACT T BoEEEE CORGB LA ECARA T CALLT GABETCROGAET 11 GAGACLAG T TR RO CARCAT CECEARACCLLET CTET ACLARARATACAA
NM_000903,2 RAGCATTGEGCACACTCCAGCAGACGCCCGARTTCARATCCTGGARGGATGGARGANACGCCTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCARGCAGEE  Hn_000303.2
Consensus  AGCATTGGGCACACTCCAGCAGACGCCCGARTTCARRTCCTGGARGGATEGARGARACGCCTGGAGARTATTTGGEATGAGACACCACTETATTTTGLTCCARGCAGCT LU

?054120550 20560 20570 20580 20530 20600 20610 20620 20630 20640 20650 20660 205??

NG_011504,1 CAGGATTCTTARTGARARARGAGGTACAGGATGAGGAGAARRACARGARATTTGGECCTTTCTGTGGGCCATCACTTGEGCAAGT CCATCCCARC TGACAACCAGATCARAGCTAGARAATGAGATTCCTT
NH_000903,2 CAGGATTCTTARTGARRAARGAGGTACAGGATGAGGAGARARACARGARATTTGGCCTTTCTGTGGGCCATCACTTGGGCAAGTCCATCCCARL TGACARCCAGATCARAGC TAGARAATGAGAT TCCTT
Consensus CAGGATTCTTARTGARRAARGAGGTACAGGATGAGGAGAARRACARGAART TTGGCCTTTCTGTGGGCCATCACTTGGGCARGT CCATCCCARC TGACARCCAGATCARRGC TAGARARTGAGATTCCTT

2067120680 20630 20700 20710 20720 20730 20740 20750 20760 20770 20780 20730 20800
1 I
NG_011504,1 AGCCTGGATTTCCTTCTAACATGTTATCARATCTGGGTATCTTTCCAGGC TTCCCTGACTTGCTTTAGTTTTTARGATTTGTGTTTTTCTTTTTCCACARGGARTARATGAGAGGGAATCGACTGTATTC
HH_000903.2 RAGCCTGGATTTCCTTCTAARCATGTTATCARATCTGGGTATCTTTCCAGGCTTCCCTGACTTGCTTTAGTTTTTARGATTTGTGTTTTTCTTTTTCCACARGGARTARATGAGAGGGAATCGACTGTATTC

Consensus  AGCCTGGATTTCCTTCTARCATGTTATCARATCTGGGTATCTTTCCAGGC TTCCCTGACTTGCTTTAGTTTTTARGATTTGTGTTTTTCTTTTTCCACARGGARTARATGAGAGGGAATCGACTGTATTC




Seqguence comparison

open Multalin

from Examples:

» A: compare long and short sequence (default Blosum matrix)
» B: compare two long sequences (default Blosum matrix)
»change parametres: matrix DNA-5-0

see the difference?



Seguence comparison

open Multalin

from Examples:

» B: compare two long sequences (default Blosum matrix)

nEHA-CDHA
gDHA_partial
Consensus

nEHA-CDHA
gDHA_partial
Conzensus

nREHA-CDHA
gOHA_partial
Conzensus

nRHA-CDHA
gOHA_partial
Consensus

nRHA-CDHA
gDHA_partial
Consen=us=

1 10 20 30 40 a0 B0 il 80 90 100 110 120 130
| 4 + + + 4 4 + + + 4 + + |

GCCACTGATTTAARTGCTTCCTTTARTCTTCAGTGCTTTTAAGGGGARARTACATTTCTGGCTACAGGAGATGGAATGCARTARCCTARTGTCAARCARAGCCGCCCCCTCCTTTACAGACTGCAACTCE

L e )

131 140 150 160 170 180 190 200 210 220 230 240 250 260
| 4 + + + 4 4 + + + 4 + + |
GGCAGAAGAGCACTGATCGTACTGGC TCACTCAGAGAGGACGTCCTTCARCTATGCCATGAAGGA
CCTGTAGCTGARGGTTTGCTGG T TGGTAATGGGTTTTCCGTGTGTGETTTGTGTGTGTCTCTGTAGGCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCARCTATGCCATGAAGGA
et sete et nrrsrrnnnrrsrennnnnrsrnnnnnnssesesssss JOLAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTATGCCATGAARGGA

261 390
| 4 + + + 4 4 + + + 4 + + |
GGCTGCTGCAGCGGCTTTGAAGAAGAAARGGATGGGAGGTGGTGGAGTCGGACCTCTATGCCATGRARCTTCAARTCCCATCATTTCCAGARAGGACATCACAGGTARARCTGARGGAC-CCTGCGAACTTTCA
GGCTGCTGCAGCGLGETTTGAAGARGARAGGATGLGGAGLG TGLGTGEAGTCGGACCTCTATGCCATGARCTTCARTCCCATCATTTCCAGAAAGGACATCACAGGTAGGAGGAGTTCCTCCTCCCCTCTTTAR
GGCTGCTGCAGCGGC TTTGAAGARGARAGGATGGGAGG TGGTGEAGTCGGACCTCTATGCCATGARCTTCARTCCCATCATTTCCAGAAAGGACATCACAGGTAaaagGAaggal .CCTeCocaaCTTTan

270 280 290 300 310 320 330 340 350 360 370 380

391
| 4 + + + 4 4 + + + 4 + +
GTA-TCCTG=======—= CCGAGTCTRT=—===—= TCTGGCTTATARAGAAGGCCATCTGAGCCCAGATATT—-GTGGE TGARCARAAG--ARGC TGGARGCCGCAG=-ACCTTGTGATAT
TTAGTTCTTTGCGGATCTCCTTGCCTGTGGGTCCTCTGGCCCAGCTT=-TGGCCCCTCTGGCCCCAGCCTCTCTTTTTCTTCTCTGCAGGTAAACTGAAGGACCCTGCGAACTTTCAGTATCCTGCCGAGT
eTA.TeCTEe s v s s s eeLOpalbcCTGT, .. ... TCTGGCccAgaaa, aabcCCaTCTGacCCCAGacacT . .gTeglTeaaCaaafi, .ARaCTGaAaGalcCab, .AaCTTecaalAT . weeensess

400 410 430 440 450 460 470 480 490 500 510 520

420
4 |

521

530 541
| 4 +

CTGTTCTGGCTTATAARAGAAG




Seguence comparison

open Multalin

from Examples:

»B: compare two long sequences (default Blosum matrix)

»change parametres: matrix DNA-5-0

1 1 20 30 40 50 60 0 80 90 100 110 120 130
I L L L L L L ' L L L L L I

nRHA-CDHA
gDHA_partial
Consensus

nRHA-CDHA
gDHA_partial
Consensus

nRHA-CDHA
gDHA_partial
Consensus

nRHA-CDHA
gDHA_partial
Consensus

nRHA-CDHA
gDHA_partial

Consensus

GCCACTGATTTARATGCTTCCTTTARTCTTCAGTGCTTTTARGGGGAARATACATTTCTGGC TACAGGAGATGGARTGCARTARCCTARTGTCARACARAGCCGCCCCCTCCTTTACAGACTGCARCTCC

L R R R R R R e R R L R R R R R R s R TR

131 140 150 160 170 180 190 200
I L L L L L L

210 220 230 240 260

' L L L L I
GGCAGAARGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCARCTATGCCATGARGGA
CCTGTAGCTGAAGGTTTGCTGGTTGGTAATGGGTTTTCCGTGTGTGCTTTGTGTGTGTCTCTGTAGGCAGARGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCARCTATGCCATGAAGGA

e EE A LIttt sttt sttt tatatasasssrsrsnsrssssssassDOCAGARGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAARCTATGCCATGARGEA

250

261 270 280 290 300 310 320 330 340 350 360 370 380 390
| |
GGCTGCTGCAGCGGCTTTGARGAAGAAAGGATGGGAGGTGGTEGAGTCGGACCTCTATGCCATGARCTTCARTCCCATCATTTCCAGARAGGACATCACAGGTA
GGCTGCTGCAGCGGCTTTGARGAAGAARGGATGGGAGGTGGTREAGTCGGACCTCTATGCCATGARCTTCARTCCCATCATTTCCAGARAGGACATCACAGGTAGGAGGAGTTCCTCCTCCCCTCTTTAA
GGCTGCTGCAGCGGCTTTGARGAAGAARGGATGGGAGGTGGTEGAGTCGGACCTCTATGCCATGARCTTCARTCCCATCATTTCCAGAARGGACATCACAGGETA. s s vsssassassssassssassnss

91 400 410 420 430 440 450 460 470 480 430 500 510 520
| |

ARCTGARGGACCCTGCGAARCTTTCAGTATCCTGCCGAGTC
TTAGTTCTTTGCGGATCTCCTTRCCTGTGGGTCCTCTGECCCAGCTTTGGCCCCTCTGGCCCCAGCCTCTCTTTTTCTTCTCTGCAGGTARACTGAAGGACCCTGCGAACTTTCAGTATCCTGCCGAGTC
e LA E A e b A s bttt tst sttt tsttttttssatssatsssnsssssssnsssnsssssssssss HACTGAAGGACCCTGCGAACTTTCAGTATCCTGCCGAGTC

521 530 540 550 560 570 580 590 600603
1 1
TGTTCTGGCTTATARAGARGGCCATCTGAGCCCAGATATTGTGGCTGARCAAAAGARGCTGGAARGCCGCAGACCTTGTGATAT
TGTTCTGGCTTATARAGARG

TGTTCTGGCTTATAAAGARAG. s s s sssssnsasesssssssssssssssssssssssssssssssssssssnsnssssssn




Seqguence comparison

open Multalin

from Examples:

» A: compare long and short sequence (default Blosum matrix)
» B: compare two long sequences (default Blosum matrix)
»change parametres: matrix DNA-5-0

see the difference?

»>HW: compare your CDS and mRNA



reading” DNA = translation

Genetic code: triplets (codons)—>3 possibilities of reading= ORF (open reading frame)

1. DNA sequence:

5° —@TTTAAAGCGCCACCTATTTAA—3 ’

2. Divided into triplets:

ATG GAA GTA TTT AAA GCG CCA CCT ATT TAA
A TGG AAG TAT TTA AAG CGC CAC CTA TTT AA

AT GGA AGT ATT TAA AGC GCC ACC TAT TTA A

3. Each triplet translated into aminoacid (decoded):

MEYVEFEKAPPTI STOP(*)
WKYLKRH

L F

First nucleotide

Second nucleotide
u c A G
UUU m | UCU UAU UGU
Phe T
uuc UCC .m UAC UGC
UUA UCA UAA STOP | UGA STOP
uuG ucG UAG STOP | UGG 0
cuu ceu CAU cau
cuc cce o | cAc e | cac
CUA CCA CAA & CGA
cuG ccG CAG CGG
AUU ACU AAU AGU
auc ACC AAC AGC @
AUA ACA @ AAA AGA
AUG Meb | AcG amc ¥ | ace
GUU GCU GAU GGU
GUC Gee GAC GGC m
GUA GCA GAA = GGA Y
GUG GCG GAG GGG

GOr0O0C @OFPOC @@FPOC O>O0C

Third nucleotide



reading” DNA = translation

DNA sequence: 5' - 3', protein sequence from N- to C- terminus.

X we don’t know which strand is coding:

Second nucleotide

5 -ATGGAAGTATTTAAAGCGCCACCTATTTAA-3’ e e
Phe i
3" -TACCTTCATAAATTTCGCGGTGGATAAATT-5" uf B2 | e @ e | B (©
UuG UcCG UAG STOP UGG ° G
Cuu CcCu CAU 3 CcGuU U
‘/ o o Cue 0 cce o | cAc Hs | cac 6 i
b CUA CCA CAA CGA A §
5" -TTAAATAGGTGGCGCTTTAAATACTTCCAT-3° g | cus CCG CAG CGG e £
c AUU = ACU AAU AGU u &
g A AUC \i@ ACC AAC AGC @ c %
AUA ACA AAA AGA A
TTA AAT AGG TGG CGC TTT AAA TAC TTC CAT e @ | oo e @ | ico G
T TAA ATA GGT GGC GCT TTA AAT ACT TCC AT 00 o0 T _— y
TT AAA TAG GTG GCG CTT TAA ATA CTT CCA T g Bhe et e GeC o [C
GUA GCA GAA GGA = F A
LNRWRTFIE KTYTFH GUG GCG GAG GGG G

* I GGALNTS
K*VAL*ITLP



reading” DNA = translation

— there are 6(!) potential open reading frames = ORFs

5°- ATGGAAGTATTTAAAGCGCCACCTATTTAA-3"

ATG GAA GTA TTT AAA GCG CCA CCT ATT TAA
A TGG AAG TAT TTA AAG CGC CAC CTA TTT AA
AT GGA AGT ATT TAA AGC GCC ACC TAT TTA A

MEVEFZEKAPTPTI STOP(*)

WKYLEKRHLFEF
GRI*SATYL

5" -TTAAATAGGTGGCGCTTTAAATACTTCCAT-3"

TTA AAT AGG TGG CGC TTT AAA TAC TTC CAT
T TAA ATA GGT GGC GCT TTA AAT ACT TCC AT
TT AAA TAG GTG GCG CTT TAA ATA CTT CCA T

LNRWRVEFKYZEFH
*T GGALNTS
K*VAL*ITLTP

First nucleotide

Second nucleotide
u C A G
UUU . | UCU UAU g% UGy
Phe T
uuc UCC .m UAC UGC
UUA o UCA UAA STOP | UGA STOP
uuG ucG UAG STOP | UGG °
cuu ccu caU . | ceu
cuc 0 cce o | CAC CGC
CUA CCA CAA @ CGA
cuG cCcG CAG CGG
AUU m ACU AAU AGU
AUC ‘4@ ACC AAC @ AGC @
AUA ACA @ AAA AGA
AUG Meb | AcG amc ¥ | ace
GUU GCU GAU GGU
GUC GCC GAC GGC m
GUA ‘ GCA ° GAA coa o
GUG GCG GAG GGG

GOr0O0C @OFPOC @@FPOC O>O0C

Third nucleotide



,reading” DNA = translation

SMS/Translate - suitable for full length CDS only=starting with ,,ATG“ (or when we know which reading

SMS

frame to use)

Sequence Manipulation Suite:

Format Conversion Tran Slate

fﬂrglﬂ'?: FF,ngTj\E‘ Translate accepts a DNA sequence and converts it into a protein in the reading frame you specify. Translate supports the entire IUPAC alphabet and several genetic codes.
-EMBL Feature Extractor

-EMBL Trans Extractor . e

Filter DNA Paste a raw sequence or one or more FASTA sequences into the text area below. Input limit is 200000 characters.

Al lRet o TTAARATAGGTGGCGCTTTARATACTTCCAT

-GenBank to FASTA
-GenBank Feature Extractor
-GenBank Trans Extractor
-One to Three

-Range Extractor DNA

-Range Extractor Protein Trans I ate resu |‘|15

-Reverse Complement

-Split Codons = T . -
l Pl heck thdlEzl 0 RiEEN | i .
6TIE!?;eF i:scT)):e l ;uell)sr.\itcl leglear reading frame 2 pility p I(’jeI:/eeit:Se u »>rf 1 Untitled
T reading frame 3 | LSQQIQLASVIRPCSPFFL*PLLCCYHGSDTQFHHQ* SDRFHQDVSSLVRQRNCLLHQQL
S LRI LR Translat o ispras miochondrial 2) %%EES“SSRFGQ*SCLFRYRLYD FR*SQIRSHVHNLIMS * LNQCLDPQVFRLDTYDHSESSGRH
mold mitochondrial (4)

-Codon Usage . east mitochondrial (3

D Use the gy P 9|V LPFVHVHASNHQVLMLIDDVCVSTQQVGSL
-DNA Molecular Weight invertebrate mitochondrial (5)

-DNA Pattern Find *This page rec ciliate nuclear (6) oompat|b|ll

-DNA Stats % . lechinoderm mitochondrial (9)

-Fuzzy Search DNA You can mirry euplotid nuclear (10)

-Fuzzy Search Protein i

ldent and Sim bacterial (11) Translate results

alternative yeast nuclear (12)

-Multi Rev Trans ascidian mitochondrial (13)

i MO < i A >rf 2 Untitled

s e ematode miochondial G1) CRSRYNLLR*YVHVVHFFFSHCCVVTTEATHENFIINKATVFIKT*VRLCDNVTVEFISS*
e Thraustoehytnum mioehondrial 03— VVDLVSDRVCEFDIDFTIWCEDKAKFVHTCIT***VD*TNVWT LRCFDWTHTTIVRVVDVT
Protein lonetontsic Point YFHLCTFTRQTTRS*C**TTFVCQLSKWVRL

-Protein Molecular Weight
-Protein Pattern Find
-Protein Stats




reading” DNA = translation

Format Conversion
-Combina FASTA

-EMEL to FASTA

-EMEL Feature Extractor
-EMBL Trans Extractor
~Filter DMA

-Filter Protein

-GenBank to FASTA
-GenBank Feature Exiractor
-GenBank Trans Extractor
-Cne to Three

-Range Extractor DNA
-Range Extractor Protein
-Reverse Complement
-Zplit Codans

-Eplit FASTA

-Three to One

-Window Extractor DNA
-Window Extractor Protein
Sequence Analysis
-Ceodon Plet

-Codon Uszage

-CpG Islands

-DMA Molecular Waight
-DMA Patiern Find

-DMA Stats

-Fuzzy Search DMA
-Fuzzy Search Protein
-ldent and Sim

-Multi Rev Trans.

-Mutate for Digest

-ORF Finder

-Fairwise Align Codons
-Pairwise Align DNA
-Pairwise Align Protain
-PCR Primer Stats

-PCR Products.

-Protein GRAVY

-Protein Isoslectric Point
-Protein Molecular Weight
-Protein Pattern Find
-Protzin Stats

-Restriction Digest
-Restriction Summary
-Reverse Translate
-Translata

Sequence Figures
-Color Align Conservation
-Color Align Properties
-~Group DNA

-Group Pratein

-Primer Map

-Restriction Map
Translation Map
Random Sequences
-Mutate DNA

-Mutate Protein

-Random Coding DNA
-Random DMA Saguence
-Random DMA Regions
-Random Protein Seguence
-Random Protein Regians
-Sample DNA

-Sample Protein

-Shuffle DNA

-Shuffle Protein
Miscellaneous
-Home

Sequence Manipulation Suite:

Translate
Translate accepts a DNA sequence and convert

Paste a raw sequence or one or more F,

Insert both CDS and mRNA in fasta format

itinto a protein in the reading frame

A sequences into the text area below. Inpui

D Sequence Manipulation Suite — Pracovni — Microsoft Edge — (] *
(D) aboutblank ==

»NM_@92283.3:122-946 Homo saW(éNﬁD(PjH suinone -
dehxdroﬁenase 1 (NQO1), transcrigt variant 1, m .
ATGOTCGOCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTATG
CCATGAAGG
AGGCTGCTGCAGCGGCTTTEAAGAAGAAAGEATGGGAGGTGETGGAGTCGGACCTCTATGE ™
CATGAACTT L
Submit || Clear || Reset |

« Translate in [ reading frame 1 +|on the [direct  w| strand.
- Use the [standard (1) ~| genetic code.

*This page requires JavaScript. See browser compatibility.
*You can mirror this page or use it off-line.

new window | h

Sun 1 Oct 12:00:08 2023
Walid XHTML 1.0; Valid ©55

Translate results

>rf 1 NM_000903.3:122-5946 Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQOl), transcript wariant 1, mRN

MVGRRALIVLAHSERTSFNYAMKEAARARATKERGWEVVESDLYAMNFNPIISEEDITGEL
KDPANFQYPAESVLAYKEGHLSPDIVAEQRRLEARDLVIFQFPLOWFGVPAILEGWEFERV
FIGEFAYTYARMYDKGPFRSEKAVLSITTGGESGESMY SLOGIHGDMNVILWPIQSGILERC
GEFOVLEPOLTYSIGHTPADARIQILEGWRERLENIWDETPLYFAPSSLEFDLNFOAGELME
RKEVQDEEKNEKFGLSVGHHLGKSIPTDNQIKARK®

»>rf 1 WM 000%03.3 Homo sapiens NAD(F)H guinons dehydrogenase
TEDSHEVARCGRAQLTESTVERARVAPATTSEANORPCLEOSHEGROESTDRTESLEEDVLOL
CHEGGCCSCGFEEERMGGGEVEPLCHELOSEHFQRGHEHR*TEGPCELSVSCRVCSGL*RED
SEPRYCG*THEAGSRRPCDIFVPEAVVWSPCHSERLV*ASVHRRVCLELRCHEV*QRTLEE
*ECSAFHHHWWCOWLHVLSARDPRGHECHSLANSEWHSAFLWLPSLETSTDI *HWAHS SRR
PNSNEPGRMEETPGEYLE*DTTVFCSEQPL* PELPGRILNERRGTG*GEEQEIWEFCEESL
GOVHPN*QPDOS*FMRFLSLDFLLTCYQIWVSFOASLTCEFSEF*DLCFSFSTRNE*EGIDC
IRAFIDEF*LILMITIMAYNONPTCLERPLRERCREMLEECSLEASTOFNSSE*GC*SFRV
QFG*VSEFNSPMFY*SPLCSLWOEGIAQRRERLNLPALRDLTCLVVSHLMLVYDISCEQLO
SSY*YA*HREYHSWSAFVVY IQYTDTLEGRANKSLLCCSHLLFF*LEKIFF*SSLALLEPRL
ECSGVISAHCNLCLPGSSNSPRASASIVACGMTGACHEA* LIFVELVETAFEHVEQAGLELL
TSGDPPTSASQSAGITEVIEHTWEPLOSSTLRFAEINO* IHTVHLOYEFERGNSTENT *E*
SETENTLFLIYTNFQEVIFFITAKIMTYYGMGSSPMTLEYNCEPEVLSTLVNSEFGIIVNE
YFWESSHSTVGEII*FRENMIEHCPLVVH*EERYEMMERLPEEWETASYLPRE¥RDWTELE
NLLYQMLTGTGEGEFCSROYPO*LTAGCFSLEIFCCLELECNEV* ISQRSELNR*NSFLOTH

CDS translated

1 (NQOl), transcript wvariant 1, mRNA

MRNA translated




Try

-translate you full length mRNA and CDS in SMS translate

-spot the difference




,reading” DNA = translation

ORFfinder - looking for the longest ORF Open Reading Frame

= NCBI Resources ¥ How To ™ jostovap My NCBI  Sign Out

ORFfinder |

Open Reading Frame Finder

OREF finder searches for open reading frames (ORFs) in the DNA sequence you enter. The program returns the range of
each ORF, along with its protein translation. Use ORF finder to search newly sequenced DNA for potential protein

¢ — Choose Search Parameters
\
& Minimal ORF length (nt): |75 W
, gth (nt)
& Genetic code: EBEEIRE ] n
) 2. Vertebrate Mitochondnal
& OREF start codq3 vyeast Mitochondrial

4. Mold, Protozoan and Coelenterate Mitochondnal, and the Mycoplasma/Spiroplasma
® "ATG" onl{5. Invertebrate Mitochondrial
() "ATG" anc|6- Ciliate, Dasycladacean and Hexamita Nuclear
9. Echinoderm and Flatworm Mitochondrial
O Any sens¢]1o. Euplotid Nuclear
. 11. Bacterial, Archaeal and Plant Plastid
©  lgnore nested |12. Alternative Yeast Nuclear
13. Ascidian Mitochondrial
14. Alternative Flatworm Mitochondrial
16. Chlorophycean Mitochondrial
21. Trematode Mitochondrial
— Start Search/ 22. Scenedesmus obliquus Mitochondrial
23. Thraustochytrium Mitochondrial
24 Pterobranchia Mitochondrial
l Submit ‘ l Clél25. candidate Division SR1 and Gracilibacteria




reading” DNA = translation

ORFfinder - looking for the longest ORF
& NCBI  Resources ¥ How To &) jostovap My NCBI  Sign Out

ORFfinder |  search

Open Reading Frame Viewer

NM_000903.2 Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1), transcript variant 1, mRNA
ORFs found: 19 Genetic code: 1 Start codon: "ATG' only

' NM_000903.2: 1.2.6K (2.6Kbp) * | Find: i@ Al @, AT ATools L | feTracks & 7 -
[TSTBce  (+02 [0 [eee (78 (888 (988 (1K (1188 [128@  |139@  [L40@ [1S8@  [1L6GB  |L7P@ 1888 (1998 [2K  [2.1P@  |2208 (2,308 (2408 (2500

= = > T orFI7 orF11 I T ORF1S
ORF1 ORF14 ORF3 orF4 ICEE ORFS ORF1E ORF9 orre I
ORF13 ORF? JORFS | I ORF12 [« B
T ORF18
orF2 I
1 |108 |[20@ |300 |408 [se@ |se8 |76 |see  |9ee J1k |L16B 1288 1,380 1480 |1508 [1.608 |1788 (1888 [1.908 [2K jelee  |z2e8 |2308  [2400  [2.500
Ready ,/' # Tracks shown: 2/3
I Add six-frame translation track
ORF10 (274 aa) Display ORF as... Mark Mark subset... Marked: 0 Download marked set  as | Protein FASTA W
>1cl|ORF10 Label Strand Frame Start Stop Length (nt | aa)
MVGRRALIVLAHSERTSFNYAMKEAARART KEKGWEVVES
DLYAMNFNPTTSREDI TGKLKDEANFQYPAESVIAYKEGH ORF10 + 3 192 1016 825|214 ~
LSPDIVAEQEELEARDLVIFQFPLOWFGVPAT LEGWEERY ORF14 B 2 725 228 498 | 165
FIGEFAYTYARMYDEGPFRSEEAVLSITTGGSGSMY SLOG
IHGDMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTEADE ORF15 - 3 2518 2243 276191
RIQILEGWKERLENIWDETPLYFAPSSLEDLNFQAGELME ORF6 + 1 2356 2556 201 | 66
KEVQDEEKNKKFGLSVGHHLGKS IPTONQIKLARE
ORF1 + 1 55 213 159 52
ORF9 + 2 2126 2272 147 48
ORF19 - 3 556 416 141 46
[ — | . o P L




,reading” DNA = translation

@
BLAST » blastp suite
Standard Protein BLAST

blastn | blastp | blastx | tblastn | tblastx |

BLASTP programs search protein databases using a protein query. more...
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
>1cl|ORF10 NM 000903.2:162:1016 unnamed protein product
MVGRRALIVLAHSERTSFNYAMKEAAAAALKKKGWEVVESDLYAMNFNEIISRKDITGKLKDPANFQ A| From |:|
YPR
ESVLAYKEGHLSPDIVAEQKKLEAADLVIFQFPLOWFGVPAILKGWFERVFIGEFAYTYARMYDKGP W\ To| ]
FRS
Or, upload file . . . . i
Putative conserved domains have been detected, click on the image below for detailed results.
Job Title

Enter a descriptive title for 150 200 250 274

1 50 100
(] Align two or more sequences @ Query seq. S S ———

Specific hits
Choose Search Set Superfanilies FMN_red smer{‘am.i. lu

Database + [UniProtkB/Swiss-Prof(
Organism | Distribution of the top 100 Blast Hits on 100 subject sequences &

Optional } ] ;
priena = - Mouse over to see the title, click to show alignments
nter organism common r
Color key for alignment scores
Exclude [ Models pxmixPy Lt v 9
Optional B <40 Il 40-50 [ 50-80 B 80-200 B >=200
Entrez Query | o, e
Optional

Enter an Entrez query to i 1 50 100 150 200 250

Program Selection

Algorithm ® blastp (protein-prote




reading” DNA = translation

ORFfinder - looking for the longest ORF

& NCBI  Resources ¥ How To &) jostovap My NCBI  Sign Out
ORFfinder PubMed v | | @
Open Reading Frame Viewer Help
Sequence
ORFs found: 18 Genetic code: 1 Start codon: "ATG’ only ® :
BLAST > blastp suite » RID-SM12WFMMO1R Home  RecentResults  Saved Strategies  Help
S1- | And: yjaiad @ i I SE—
esults
; j1oe 230 220 |32 5@ =i [o2 oo poe m fliee _ |1:200 Edit and Resubmit  Save Search Strategies & Formatting options & Download YoullIJ How to read this page  Blast report description NEW Click here to use the new BLAST results page
(U) ORFfinder 4.5.18628361 . | Jobftitle: Protein Sequence
ORF4 > > = ORFIS
ORF12 ORE? ORF RID 8M12WFMMOIR (Expires on 04-07 00:16 am)
Query ID Icl|Query_57926 Database Name swissprot
I, 0RF17 ORFL ORF3 Description |Icl|[ORF15:1101:970 unnamed protein product Description Non-redundant UniProtKB/SwissProt sequences
e ORFIE Molecule type amino acid Program BLASTP 2.10.0+ b Citation
orFe Query Length 43
1 100 208|398 |48 5@ |Ge@  [7ep |me@ 9@ | LK Aea [1z268
1: 1..2.5K (2,521 nt) ‘ @ No significant similarity found. For reasons why,click here
Other reports: B Search Summary.
ORF15 (43 aa) Display ORF as... Iark Mark subset... Marked: 0 Download marked set = as | Protein FASTA v
»1c1|DRF15
MIQKCTNTVDSLSFIPCGKRKTQILKTKASQGSLERYPDLITC Label Strand Frame Start Stop Length (nt | Iaa)
Fs
ORF15 - 2 1101 970 132 43
ORF2 + 1 117 1242 126 | 41
‘ ORF16 - 2 624 505 120 39
ORF5 + 2 1415 1519 105 34
ORF7 + 3 855 956 10233
ORF4 Marked set (0 ) |
AST SmartBLAST best hit titles... & ORF6 * 3 519 617 99132
B BLAST ORF11 - 1 2506 2420 8728
ORF1 4+ 4 Q43 1020 o7 | 28




Try

Look for ORFs:

- in ,your” nucleotide sequence (complete mRNA)

- in sequence (ex1) from Moodle and identify the correct ORF
and the source organism?



_Nucleotide bioinformatics Il

Retrieving nucleotide sequences from databases (Genbank/NCBI)

Feature analysis: statistics, reverse complement, restriction analysis
Translation, identifying open reading frame

PCR primer design, rt-PCR

Secondary structure prediction

Sequence comparison, unknown sequence identification

Single Nucleotide Polymorphisms

DNA sequencing

Gene expression

microRNA

Genomes....



Jnknown sequence identification — BLASTn |
— looking for similarity: BLASTn

m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information jostovap My NCBI  Sign Out

@
BLAST Home  RecentResults  Saved Strategies  Help

Basic Local Alighment Search Tool
Magic-BLAST 1.2.0 released

BLAST finds regions of similarity between biological sequences. The program A new version of the BLAST RNA-seq mapping tool is now available.

compares nucleotide or protein sequences to sequence databases and Mon. 27 Feb 2017 14:00:00 EST More BLAST
Sz B - ’ U ore news...

calculates the statistical significance. Learn more

Web BLAST

N

/

BLAST Genomes

Microbes




Unknown sequence identification

— looking for similarity: BLASTn (or BLASTX)

® -
BLAST > blastn suite » RID-ESOWVJXE016 Home  RecentResults  Saved Strategies  Help
BLAST Results
Edit and Resubmit Save Search Strategies » Formatting options  » Download Youlillii4 How to read this page Blast report description

Job title: Nucleotide Sequence (600 letters)

RID ESOWVIXEOD16 (Expires on 04-12 06:13 am)

Query ID Icl|Query_28989 Database Name nr
Description None Description Nucleotide collection (nt)
[ Y N aln #vermn mirnlais neid n — e Bl ACTRA D & N1 PeiCitntinm
BIDownload ~ GenBank Graphics ¥ Next 4 Descriptions

Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1), transcript variant 4, mRNA
Sequence ID: NM_001286137.1 Length: 2423 Number of Matches: 1

Related Information
Range 1: 1404 to 2003 GenBank Graphics

Gene - associated gene details

Score Expect Identities Gaps Strand
1109 bits(600) 0.0 600/600(100%) 0/600(0%) Plus/Minus
Query 1 GGTTTACAATTGTACCCCRAGGTCATGGGACTGGACCCCATCCCATAGTAAGTCATCAGT 60

Lrrrerererererrrrrrererrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 2003 GGITTACAATTGTACCCCAAGGTCATGGGACTGGACCCCATCCCATAGTAAGTCATCAGT 1544

Query €1 TTAGCAATGATAAAGAARATAACCTTCTGARAATTTGTATAGATCAGRAATARAGTATTT 120

Freererrerereeerrerrrrerrerrrrrrrrrerrr e e rr e e e
Sbjct 1943 TTAGCAATGATAAAGAAAATAACCTTCTIGAAAATTTIGTATAGATCAGAAATAAAGTATTT 1884

Query 121 TTTGTGGAAGACTATTTTTAAGTATTGAAGGTACTATTTCCTTTCTTGAATTCATATTGC 180

Frrrrrrrererrrrrrerrerrrrerrerrrrrrerrrrr e e e
Sbjct 1883 TTTGTGGAAGACTATTTTTAAGTATTGAAGGTACTATTTCCTTTCTTGAATTCATATTGC 1824

MmMicvrsyy 181 AT T T T A TTTATT S TTTA T T T AL T TTAALACTACA N ATTCALET  2A0



Try

to identify sequence from EX2 in Moodle
what is it and what is the source organism?



_Nucleotide bioinformatics Il

Retrieving nucleotide sequences from databases (Genbank/NCBI)

Feature analysis: statistics, reverse complement, restriction analysis
Translation, identifying open reading frame

PCR primer design, rt-PCR

Secondary structure prediction

Sequence comparison, unknown sequence identification

Single Nucleotide Polymorphisms

DNA sequencing

Gene expression

microRNA

Genomes....



DNA sequencing o
Y‘
120 OO

Phosphdiester bonds




DNA sequencing

GAT AAAT CT GG

,Clasic” Sanger sequencing (1977)
— Lenght of sequence: ~1000nt
— Output: ,text” 4 letters (ACTG)

Deoxynucleotides x dideoxynucleotides

H /

2 3 2
OH  g.D-2-deoxyribose ~1:100

B-D-2,3-dideoxyribose




G AT C

DNA sequencing

Enzymatic ,,Sanger” sequencing (1977) — sequencing by synthesis

100 A0
G::lr‘cl.:‘;YM 4310
e O‘O“ L
.O'f:w - 1A A
‘al
AL D
Asymetric DNA amplification, =P-dATP Ghane ‘i::.
catat
AL oal
Specific end of synthesis bé;'; o
'::: 200
L
AN
Reaction mix 1 Reaction mix 2 Reaction mix 3 Reaction mix 4 ceC 40
3dNTPs 3dNTPs 3dNTPs 3dNTPs -
1:100dGTP:ddGTP. 1:1 dATP:ddATP 1:100dTTP:ddTTP 1:.50dCTP:ddCTP - ".'_; st 900
--"! Q4 'f
= “ AL
PAGE/UREA > Southern blotting - o
A
RA detection - B




DNA sequencing

1980s new fluorophores enabled automatization

ddATP - JOE (550 nm) A
ddCTP - FAM (520 nm)  C
ddGTP- TAMRA (585 nm) G
ddTTP-ROX (620 nm) T

s 500 520 540 560 580 s00 E20 &40

WAVELENGTH {nm)

‘—S-FMI m——(F  e—T AR A —RDII'.‘




DNA sequencing

Princip: Sanger sequencing and capillary electrophoresis

wIvdee

ddATP - JOE (550 nm) A
ddCTP - FAM (520 nm) C
ddGTP- TAMRA (585 nm) G
ddTTP - ROX (620 nm) T




Sequence data analysis

Chromas - enable direct sequence data analysis (.scf, .abi, .ab1)

»plain text”: CGGATGCGGTGGTCG

,fasta”: >identificator
CGGATGCGGTGGTCG

»sequencing formate®(.scf, .abi, .ab1)




Sequence data analysis

Chromas - enable direct sequence data analysis (.scf, .abi, .ab1)

»plain text”: CGGATGCNGTGGTCG

,fasta”:  >identifikace
CGGATGCNGTGGTCG

,sekvenacni format“(.scf, .abi, .ab1)

Sate X

A Y \aasn

¥ = o~ -— - -
—
-~ = = = - b o - - =

-
-




Sequence data analysis

Chromas - enable direct sequence data analysis (.scf, .abi, .ab1)

- the sequence has to be first saved and then open in chromas

Save As...
Export.. o Chromas
Export Raw Data... Version 1.45 (32-bif)

Conor McCarthy
School of Health Scisncs
Griffith University
Gold Coast Campus
Mew Window Southport, Quesnsland
Anpstralia




Sequence data analysis

Chromas - enable direct sequence data analysis (.scf, .abi, .ab1)

Edit-copy sequence-FASTA or plain (is copied into memory and can be directly pasted into a program)

74 Chromas - 27283289
File | Edit Options Help

File: ( Undo ctri-z | Runended: Oct 19, 2016
. 50 60 70 80 90 i
Copy Sequence > Plain Text Ctrl-C
GG, L ATGGTGCTTIC AAGGGAGAGACCCAC TG ACTCTICCTICCTITTIACTICTTIATGCCATT
Reverse Complement FASTA Format Ctrl-B
MNext N Ctrl-N
Mext Redundant Ctrl-R
Find... Ctrl-F
i
ol [
ﬁ ' )
' , . i | I f
MMMM\/‘N M—f*(ﬂj\rﬂv"f\/\l\w i W J\Af\/ Ul W’U\/\A« MM\WWM J\NW\MA/V\ /\A
<



Try

Run ,,chromas”
from Moodle

Download and store Ex3 sequence data from Moodle.
Open the sequence in chromas.
Export the sequence from chromas and identify it.

What does it code?
From which organism does it probably come from?



Sequence data analysis (Ex3) - Blastn

® c
BLAST » blastn suite » RID-ESIYNVDF016 etz sl canalaitis e D
BLAST Results
Edit and Resubmit Save Search Strategies ® Formatiling opfions  ® Download Youlfl[3 How to read this page Blast report description

Job title: Nucleotide Sequence (1167 letters)

RID ES1YNVDF016 (Expires on 04-12 06:31 am)

Query ID Icl|Query_42683 Database Name nr
Description None Description Nucleotide collection (nt)
Molecule type nucleic acid Program BLASTN 2.6.0+ P Citation

Query Length 1167

Other reports: B Search Summary [Taxonomy reports] [Distance tree of results] [MSA viewer]

(= Graphic Summary

Distribution of the top 114 Elast Hits on 100 subject sequences &

Mouse over to see the title, click to show alignments

Color key for alignment scores
W <40 W 40-50 1 50-80 W 80-200 W >=200

1 200 400 600 800 1000




Sequence data analysis (Ex3) - Vecsreen

:'j NCBI Resources %) How To & jostovap My NCBI Sign Out

VecScreen All Databases V|| | search |

] .
BLAST > vector contamination » RID-ERSPROJA016 Home Recent Results Saved Strategies Help

BLAST Results
P Formatting options & Download Youlli] How to read this page  Blast report description
Vecscreen
Job title: 69BF16 sequence exported from chromatogram
Interpretation of VecScreen Results
RID ERSPROJAO16 (Expires on 04-11 22:29 pm)
Query ID lIcl|Query_123453 Database Name screen/UniVec
Description 69BF16 sequence exported from chromatogram file Description UniVec (build 9.0)
Molecule type nucleic acid Program BLASTN 2.6.0+ P Citation
Query Length 1167
Other reports: P Search Summary [Taxonomy reports] [Distance tree of results] [MSA viewer]
© Graphic Summary
Distribution of Vector Matches on the Query Sequence
1 291 583 875 1167

Match to Vector: . Strong . Moderate . Weak

Segment of suspect origin:

Segments matching vector:
Strong match: 594-1090
Moderate match: 1091-1104
Weak match: 593




Sequence data aﬂa‘ySiSZ ourifing sequence of vector

SMS ,Range Extractor DNA"

SIS

Sequence Manipulation Suite:

Range Extractor DNA

Format Conversion
-Combine FASTA

EMBL to FASTA Range Extractor DNA accepts a DNA sequence along with a set of positions or ranges. The bases corresponding to the positions or ranges are retur

Emgt ?:EFEHE;";?' sequence, a set of FASTA records, as uppercase text, or as lowercase text. Use Range Extractor DNA to obtain subsequences using position inform

-Fifter DNA

;ggﬁgzg‘fj’;"lc . Paste a raw sequence or one or more FASTA sequences into the text area below. Input limit is 500000 characters.

-GenBank Feature Extractor ARATRARRACAAGTTARCARCARACAATTGCATTCATTTTATGTTTCAGGTTCAGGGEGAGATS

gﬁg'?gf}';g:“ e TGGGRAGGTTTTTTTAAGCAAGTARAACCTCTACAAATGTGGTARAATCGAATTTTAACA A

_Range Extractor DNA AAATATTAACGCTTACEATTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTAT

-Range Extractor Protein TTCACCCCGCATACGCGGGATCTGCCCAACACCATGGCCCTGARATAACCTTCTGARRAG

:ge;;leésed(}omplemem AGGRACTTGGGTTAGGTACCTTCTTGAGGCTGAARARAACCATCTTGGGARATGTGTGCT N

ng e ACATTTAGGGTTGTAGAATTCTCABAG

L“I:Z%E’g;fa ctor DNA Enter the base positions or ranges to be extracted. Use ".." to represent a range, and use a comma to separate entries. The words 'start’, 'end’, 'cente

Window Exiractor Protein place of digits, to represent the beginning, end, middle, and length of the sequence. Arithmetic expressions can be included in the ranges. For examg

euee Analysis a sequence, the range '(end - 2)..end’ can be used. To obtain the 30 bases on either side of the center base along with the center base, the ranges '(
odon Plo '

-Codon Usage 4= (center + 30)' can be used.

-CpG Islands

-DNA Molecular Weight o ) .

:gm ;T;m Find the browser compatibility page before using this program.

Fuzzy Search DNA l Submit l l Clear l l Reset l

-Fuzzy Search Protein

—Iden_t and Sim )

Multi Rev Trans » Obtain bases from the strand.

-Mutate for Digest
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-Pairwise Align Protein
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Unknown sequence identification — BLASTn |

- if the sequence does not have easily recognizable ORF ?

— looking for similarity: BLASTn (or BLASTX)

m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information jostovap My NCBI  Sign Out

@
BLAST Home  RecentResults  Saved Strategies  Help

Basic Local Alighment Search Tool
Magic-BLAST 1.2.0 released

BLAST finds regions of similarity between biological sequences. The program A new version of the BLAST RNA-seq mapping tool is now available.

compares nucleotide or protein sequences to sequence databases and Mon. 27 Feb 2017 14:00:00 EST More BLAST
Sz B - ’ U ore news...

calculates the statistical significance. Learn more

Web BLAST

BLAST Genomes

Enter 1commaon name, scier

Mouse Rat Microbes




Unknown sequence identification

- if the sequence does not have easily recognizable ORF ?

— looking for similarity: BLASTn (or BLASTX)

@
BLAST » blastn suite » RID-ESOWVJXE016

Home  RecentResults  Saved Strategies  Help

BLAST Results

Edit and Resubmit
Job title: Nucleotide Sequence (600 letters)

Save Search Strategies Formatting options  » Download

RID

Query ID
Description

ESOWVIXEOQ16 (Expires on 04-12 06:13 am)

Icl|Query_28989
None

[ Y PN | ln #vemn nninlais acid

Blast report description

Youllli) How to read this page

Database Name nr

Description Nucleotide collection (nt)
BILACTRA 73 & N1 P iCitntinn

n — e

BIDownload ~ GenBank Graphics

Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1), transcript variant 4, mRNA
Sequence ID: NM_001286137.1 Length: 2423 Number of Matches: 1

Range 1: 1404 to 2003 GenBank Graphics

Identities

600/600(100%)

Strand
Plus/Minus

Score Expect
1109 bits(600) 0.0

Gaps
0/600(0%)

GGTTTACRATTGTACCCCAAGGTCATGGGACTGGACCCCATCCCATAGTAAGTCATCAGT

Lreeerererererrereerrrrrerrrrrer ettt e e et e rr e
GGTTTACAATTGTACCCCRAAGGTCATGGGACTGGACCCCATCCCATAGTAAGTCATCAGT

Query 1

Sbjct 2003
TTAGCAATGATAARAGARAATAACCTTCTGAARAATTTGTATAGATCAGAAATARAGTATTT

Freererrerereeerrerrrrerrerrrrrrrrrerrr e e rr e e e
TTAGCAATGATAAAGAARATAACCTTCTGARAATTTGTATAGATCAGAAATARAGTATTT

Query €1

Sbjct 1943

121 TTTGTGGAAGACTATTTTTAAGTATTGAAGGTACTATTTCCTTTCTTGAATTCATATTGC

Frrrrrrrererrrrrrerrerrrrerrerrrrrrerrrrr e e e
TTTGTGGAAGACTATTTTTAAGTATTGAAGGTACTATTTCCTTTCTTGAATTCATATTGC

Query
Sbjct 1883

Mmilarsyw AT T AT (T T AT T TAT T T T TATC T T AN T TTA AN T ACADNCATT AL

¥ Next 4 Descriptions

Related Information

Gene - associated gene details

&0
1544
120
1884
180
1824
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Homework 6

Work with ,,your” nucleotide sequence.

1) Compare your mRNA and CDS sequence

2) Translate ,your” nucleotide sequence (mRNA), in which ORF is the CDS?

3) Download unknown sequence ,Homework 6.ab1“and open it in chromas.
*Check for vector contamination and identify ,pure” sequence

*|dentify the sequence (pure) and the organism with BLASTn.

4) View ,,PCR Primer Design“ https://www.youtube.com/watch?v=c-f1HO7D 70



https://www.youtube.com/watch?v=c-f1H07D_70
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Homework 6-example
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