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Geenien toiminta



Miten geeniä luetaan? 

Geenien lukemisesta eli DNA:n sekvensoinnista on puhuttu jo 
niin usein, että nyt on vihdoinkin vilkaistava, mitä se tarkoittaa.



Sekvensointireaktio tuottaa erimittaisia 
DNA-pätkiä, joista voimme päätellä
sekvenssin eli nukleotidien järjestyksen

Pitää vain saada ne erimittaiset havaituksi

Polymeraasiketjureaktio on tässäkin 
hommassa aina keskeinen menetelmä
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Walter Gilbert: sekvensoinnista

Fred Sanger: sekvensoinnista

http://www.nobel.se/chemistry/laureates/1980/index.html


Vanha kunnon 
Sanger-
työhevonen 

Tässä tosin 96 
kapilaaria, kun 
meillä on yksi.



Sangerin dideoxyribonukleotidimenetelmä
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Sekvensointireaktio CELL 549



Sekvensointireaktion 
tuotteet erotellaan 
elektroforeesilla

Lyhyet molekyylit 
kulkevat vauhdikkaasti, 
pitkät hitaammin

CELL 549

Jokaista 
”kirjainta”
varten on oma 
reaktioastia ja 
oma kaista 
geelillä



Automaateissa 
käytettävä nykyinen 
muunnelma: yksi 
koeputki, yksi kapillaari 
jossa näytteet virtaavat 
ripeästi
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Värillä leimattu 
dideoksiribonuke



”Automaattisekvensseri” on elektroforeesilaite, jossa Harmaa 
Laatikko ”lukee” kapillaarissa virtaavia DNA-pätkiä UV-
herätteisen fluoresenssin avulla ja tekee tietokoneelle 
virtuaalikuvan

Näytteet oli annettu vastuuhenkilölle 96 reikäisessä
kuoppalevyssä, ja pian ovat tulokset tilaajan omassa kansiossa



Tilauskirja on täynnä, mutta prosessi on nopea



Vanha kunnon 
Sanger-
työhevonen 

Tässä tosin 96 
kapilaaria, kun 
meillä on yksi.



Kauppa josta saa kaikki koneet ja palvelut

http://www.cd-genomics.com/gene/sequence.htm?gclid=CN79pfKj558CFcGAzAodUyXqrw


Roche 454
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http://en.wikipedia.org/wiki/454_Life_Sciences#Technology


http://jeb.biologists.org/content/vol210/issue9/images/large/JEB001370F2.jpeg


Fig. 2 Outline of the 454 and polony sequencing process. Both systems first fragment the genomic 
DNA (Step 1) and then use a process of in vitro cloning followed by amplification. The 454 process is 
shown on the left and Polony sequencing is shown on the right. In the 454 protocol, the linkers are 
ligated onto the ends of the DNA (Step 2a). Polony sequencing involves circularization followed by 
linearization and the addition of linkers to generate two fragments with a spacer between them and 
linkers at the end (Step 2B). Both processes then attach the in vitro clones to beads and carry out PCR 
in an emulsion mixture to generate beads with many clonal copies of the target fragments (Step 3a/3b). 
For the sequencing step, the beads must be immobilized in a single layer to allow imaging in an 
environment that enables the reaction reagents to be flowed across them. In the case of 454 
sequencing, a picotiter plate is used, in which most cells will contain a single bead (Step 4a). The 
polony method immobilizes the beads in an acrylamide matrix in a dense monolayer (Step 4b). The 
methods are very similar up until the point of the sequencing reaction; in the case of 454 sequencing, a 
DNA synthesis reaction from a single sequencing primer is carried out. Bases are flowed across the 
picotiter plate one at a time and incorporation is detected by the release of light (Step 5a). The polony 
method uses ligation to anchor primers, which can be annealed in one of four positions. In each cycle, 
a population of degenerate nonomers, which have been fluorescently labeled, is added to the 
monolayer, and only complimentary oligos will anneal and ligate to the anchor primer. 
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Katso video ja nauti?

Tästä metodista ei kyllä
saa helposti selvää, 
mutta kai pitäisi. 
Ihmisen genomi 6000 
dollarilla ei ole kallis

http://www3.appliedbiosystems.com/AB_Home/applicationstechnologies/SOLiD-System-Sequencing-B/index.htm


Pieni esimerkki



Esimerkki elävästä elämästä:

Tutkittiin puolalaisia kirjolohilaitosten loisia

Molekyylimenetelmällä löytyi sellainenkin mato, joka on 
erikoisuutena kuvailtu Tanskassa (Lindenström 2003)

Me tutkimme siitä myös mitokondrioDNA:n, ja totesimme, 
että loislinjan naarasesiäiti on tosi outo (eri lajia siis)

Tutkimme myös itse keksimämme ADNAM1 –
merkkigeenin, jonka sekvensoinnista on seuraavat kuvat. 
Merkkigeeni on aiemmin selvitetty Itämeren piirin lohien ja 
harjusten loisilla, ja tiedämme 11 eri alleelin sekvenssit

Yhdellä alleelilla on 23 bp deleetio. Tämä short-alleeli on 
kaikilla Suomen kirjolohella löydetyillä G. salaris -loisilla
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Mitokondriosekvenssien vertailu

puolalainen

suomalainen



Linjausohjelma MEGA3.1

automaattisekvensserin tulostus

short-alleeli



Edellisen sekvenssin vaikeampi kohta: koska yksi (kolmesta) alleelista 
on 23 bp lyhyempi kuin muut, PCR tekee ja kone lukee sekvenssit 
päällekkäin ja tulkinta on vaikeaa (mutta ei mahdotonta, jos alleelit 
tunnetaan).

IUPAC –koodi löytyy osoitteesta: http://www.iupac.org/index_to.html 
International Union of Pure and Applied Chemistry

http://www.iupac.org/index_to.html


koneen ehdotus

vähän vielä korjailtu tulkinta



Mitä tuossa nähtiin?

Nähtiin, että sillä oudolla puolalaisella oli täsmälleen 
Suomen loisia vastaava ADNAM1 –fenotyyppi, joka siis 
tuossa ennustettiin ja testattiin tunnettujen alleelien 
linjauksen (alignment) avulla

Puolalaisten (ja tanskalaisten) loisten historiassa on 
kuitenkin risteytyminen jonkun toisen lajin kanssa (vieras 
laji esiäitinä, koska mtDNA on sieltä)

Myös ribosomigeenin ITS (internal transcibed spacer) oli 
outo, mutta vain 3 nukleotidin verran

Tämä ADNAM1 kertoi vielä, että mendelististä alleelien 
vaihdantaa on harjoitettu jossakin määrin, niin että tämä
ADNAM1 fenotyyppi on ihan suomalaisen kaltainen



IUPAC –koodit löytyvät täältä
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Fig. 2 Outline of the 454 and polony sequencing process. Both systems first fragment the genomic DNA (Step 1) and then use a process of in vitro cloning followed by amplification. The 454 process is shown on the left and Polony sequencing is shown on the right. In the 454 protocol, the linkers are ligated onto the ends of the DNA (Step 2a). Polony sequencing involves circularization followed by linearization and the addition of linkers to generate two fragments with a spacer between them and linkers at the end (Step 2B). Both processes then attach the in vitro clones to beads and carry out PCR in an emulsion mixture to generate beads with many clonal copies of the target fragments (Step 3a/3b). For the sequencing step, the beads must be immobilized in a single layer to allow imaging in an environment that enables the reaction reagents to be flowed across them. In the case of 454 sequencing, a picotiter plate is used, in which most cells will contain a single bead (Step 4a). The polony method immobilizes the beads in an acrylamide matrix in a dense monolayer (Step 4b). The methods are very similar up until the point of the sequencing reaction; in the case of 454 sequencing, a DNA synthesis reaction from a single sequencing primer is carried out. Bases are flowed across the picotiter plate one at a time and incorporation is detected by the release of light (Step 5a). The polony method uses ligation to anchor primers, which can be annealed in one of four positions. In each cycle, a population of degenerate nonomers, which have been fluorescently labeled, is added to the monolayer, and only complimentary oligos will anneal and ligate to the anchor primer. 
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#harengi
TTTACCTATCGCARAACTTARTTATTTGCGGATTGGGAAGTATACCATGGCTACGTAGCTCTCGTGGTTCTTCCTTAATAATATGAGCAGTACTGATATGTACGTTAATAACTTGCTCTACACAGG
TTGTGTGGCTTAGTGCAAACTTTGTAACGCTGTACTGTAGTAGTCTGAGTTGTACGTATCACGTTCATCTTATACABATGT

#pseudoharengoides
TTTACCTATCGCARAACTTARTTATTTGCGGATTGGGAAGTTTACCATGGCTACGTAGCTCTAGTGGTTCTTCCTTAATAATATGAGCAGTACTGATATGTACGTCAATAACTTGCTCTACACAGG
TTGTGTGGCTTAGTGTAAACTTTGTAACGCTGTACTGTAGTAGTCTGAGTTGTACGTATCACGTTCATCTTATACARATGT

#nipponensis
TTTACCTATCGCARAACTTARTTCTTTGCGGATTGGGAAGCATACCATGGCTACGTAGCTCTAGTGGTTCTTCCTTAATAACATGAGCAGTACCGTTATGTACGTTAATGACTTGCTCTACACAGG
GTGTGTGGCTTAGTGTAAACTTTGTAACGCTGTACTGATGTAGAACTAGTTGTGCATATCTTGTTCATTTATTCAATTGT

#arcuatus
TTTACCTATCGCGCAACTTARTTCTGCGTGGATTGGGAAGTTTACCATGGCTACGTAGCTCTAGTGGTTCTTCCTTAATAACATGAGCAGTACCGTTATGTACGTTAATGACTTGCTCTACACAGG
GTGTGTGGCTTAGTGTAAACTTTGTAACGCTGTACTGATGTAGAACTAGTTGTGCATAGCTTGTTCATTTATTCAATAGT

#spPrinutus
TTTACCTATCGCARAACTTARTTATTTGCGGATTGGGAAGCATACCATGGCTACGTAGCTCTAGTGGTTCTTCCTTAATAACATGAGCAGTACCGTTATGTACGTTAATGACTTGCTCTACACAGG
GTGTGTGGCTTAGTGTAAACTTTGTAACGCTGTACTGATGT AGAACTAGTTGTGCATAGCTTGTTCATTTATTCAATTGT

#spFkansae
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GTGTGTGGCTTAGTGTAAACTTTGTAACGCTGTACTGATGTAGTTTAAGTTGTGCATGACATGTTCATCTGTTATATAGC

#spPpronelas
TTTACCTATCGCGAAACTTARTTATTCGCGGATTGGGAAGCATACCATGGCTACGTAGCTCTAGTGGTTCTTCCTTAATATTATGAGCAGTACTGTTGTGTACGTTAATGATTTGCTCTGCACAGG
GTGTGTGGCTTAGTGTAAACTTTGTAACGCTGTACTGTTGT AGATCARATTGTGCATAGCATGTTCATCCTATTATAGT

#lotas
TTTACCTATCGCGAAACTTARTTATTCGCGGATTGGGAAGCATACCATGGCTACGTAGCTCTAGTGGTTCTTCCTTAATAATATGAGCAGTGCTGTTATGTACGTTAATGACTTGCTCTACACAGG
GTGTGTGGCTTAGTGTATACTTTGTAACGCTGTACTGTTGTAGTTTGAGTTGTGCATAACATGTTCATCTATTATTATAGT

#alexgusevi
TTTACCTATCGCGAAACTTARTTATTCGCGGATTGGGAAGCATACCATGGCTACGTAGCTCTACTGGTTCTTCCTTAATAATATGAGCAGTACTGTTATGTACGTTAATGACTTGCTCTGCACAGG
GTGTGTGGCTTAGTGTAAACTTTGTAACGCTGTACTGTTGTAGTTTGAGTTGTGCATAACATGTTCATCTATTATTTAAGT

#oallariatis
TTTACCTATCGCGAAACTTARTTATTCGTGGATTGGGAAGTATACCATGGCTATATAGCTCTAGTGGTTCTTCCTTAATAATATGAGCAGTACTGTTATGTACGTTAATGACTTGCTCTACACAGG
GTGTGTGGCTTAGTGTAAACTTTGTAACGCTGTACTGTTGTAGTTTGAGTTGTGCATATCATGTTCATTTATATATTAGT

#branchicus
TTTACCTATCGCGAAACTTARTTATTCGCGGATTGGGAAGCTTACCATGGCTACGTAGCTCTAGTGGTTCTTCCTTAATAATATGAGCAGTACTGTTATGTACGTTAATGACTTGCTCTACACAGG
GTGTGTGGCTTAGTGTATACTTTGTAACGCTGTACTGTTGTAGTTTGAGTTGTGCATAGCATGTTCATTTATTATATAGT

#rarus
TTTACCTATCGCGAAACTTARTTATTCGCGGATTGGGAAGCTTACCATGGCTACGTAGCTCTAGTGGTTCTTCCTTAATAATATGAGCAGTACTGTTATGTACGTTAATGACTTGCTCTACACAGG
GTGTGTGGCTTAGTGTATACTTTGTAACGCTGTACTGTTGTAGTTTGAGTTGTGCATAGCATGTTCATTTATTATATAGT

#spRosculus
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Ele Edt View Favortes Toos Help
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<> NCBI results of BLAST

BLASTN228 [Jan05.2004]

Reference:
Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,

Jinghui Zhang, Zheng Zheng, Vebb Miller, and David J. Lipmen (1997),
“Gapped BLAST and PSI-BLAST: a new generation of protein database search
prograns”, Nucleic Acids Res. 25:3389-3402.

RID: 1080805719-19938-202635187385. BLASTOS
Query=

(57 Letrers)

Database: All GenBank+ENBL+DDBI+PDB sequences (but no EST, STS,
655, or phase 0, 1 or 2 HTGS sequences)
2,130,505 sequences; 10,249,863,584 total letters

If you have any problems or questions vith the results of this search
please refer to the BLAST FAGs

Texonowy reports

Distribution of 100 Blast Hits on the Query Sequence

[Mouse-over o show defline and scores. Click to show alignments

Color Key for Alignnent Scores
40-50

119930 ———————————————————
50

@ Internet




2 RID-1080805719-19938-202635187385.BLASTQ3, - Microsoft Internet Explorer

Ele Edt View Favortes Toos Help
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acresz | €] it Jwuns.nbi.im i, gov/BLAST st coi

Sequences producing significant alignents:

41119807626 |0 |AF328866. 11 Gyrodactylus sp. North Sea 185 r.
41141327163 10b |AYS16278. 1] Gyrodactylus sp. 1-TH-2003 from .
1141327162108 |AYS16277.1]  Gyrodactylus sp. 1-TH-2003 from .
1141527161108 |AYS16276. 1] Gyrodactylus sp. 1-TH-2003 from .
41140362696 |0 |AY338451. 1] Gyrodactylus sp. 9-TH-2003 from .
01140362695 |9 |AY338450. 1] Gyrodactylus sp. 9-TH-2003 from .
41140362686 |0 |AY338441. 1] Gyrodactylus ostendicus from Pom.
41140362685 |0 |AY338440. 1] Gyrodactylus ostendicus from Pom.
4114036268410 |A¥338433. 1] Gyrodactylus ostendicus from Pom.
01140362683 |0 |AY338438. 1] Gyrodactylus sp. S-TH-2003 from .
0114036268210 |AY338437. 1] Gyrodactylus sp. S-TH-2003 from .
4114036268110 |AY338436. 1] Gyrodactylus sp. S-TH-2003 from .
1140362680 |0 147338435 1] Gyrodactylus sp. Erom .
114036267310 147336434, 1]  Gyrodactylus sp. Erom .
114036267810 4733843311 Gyrodactylus sp. Erom .
114036267710 A¥338432. 1] Gyrodactylus sp. Erom .
1140362676 10b 1A¥338431. 1] Gyrodactylus sp. Erom .
114036267510 1A¥338430. 1] Gyrodactylus sp. Erom .
114036267410 14733842311 Gyrodactylus sp. Erom .
1132658430 |enb |ATS76065. 1| GHASTE0ES  Gyrodactylus harengl 5.
1114517565 |db1|AR063235. 1) Gyrodactylus nipponensis genes .
1140643245 |enb |A7305235. 1 |GHA303235  Gyrodactylus harengl 5.
4112598921710 |AY061873. 1] Gyrodactylus alexgusevi 185 ribo.
41125389216 |4 |AY061876. 1] Gyrodactylus lotae 185 ribosomal.
4112285271210b |AY099507. 1] Gyrodactylus sp. (Pimephales pro.
1132698423 |enb |AT576064. 1 GHASTE064  Gyzodactylus harengl 5.
41122552713 | b | AY099508. 1| _Gyrodactylus sp. (Rhynichthis os.

€] http: ffwww.ncbi.rim. i, gov/BLAST Blast.cgi# 40362696 © Internet
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Locus Av338441 918 bp  DNA  linear 1INV 26-JAN-2004

DEFINITION Gyrodactylus ostendicus from Pomatoschistus microps internal
transcribed spacer 1, 5.85 ribosonal RUA gene, and internal
transcribed spacer 2, complete sequence.

ACCESSION  AY338441

VERSION  AY338441.1 GI:40362686

KETWORDS

SO0URCE Gyrodactylus ostendicus

ORGANISH Gyrodsctylus ostendicus
Eukaryota; Metazoa; Platyheluinthes; Monogenea; Monopisthocotylea;

Gyrodactylidae; Gyrodactylus.
FEFERENCE 1 (bases L to 518)

AUTHORS  Huyse,T., Audenaert,V. and Volckaert,F.h.

TITIE  Speciation and host-parasite relationships in the parasite gemus
Gyrodactylus (Monogenea, Platyheluinthes] infecting gobies of the
genus Pomatoschistus (Gobiidae, Teleostei]

JOURNAL Int. J. Parasitol. 33 (14], 1679-1689 (2003]

MEDLINE 22339456

PUBMED  Las36683
FEFERENCE 2 (bases 1 to 518)

AUTHORS  Huyse,T.

TITLE  Direct subission

JOURNAL  Submitted (09-JUL-2003] Laboratory of Aquatic Ecology, Catholic
University of Lewven, Ch. De Beriotstraat 32, Lewven 3000, Belgium

FEATURES Location/Qualifiers
Gyrodactylus ostendicus”
genonic DA
"Ponatoschistus microps”
240601"
+ hubleteuse”
Jproduct="internal transcribed spacer 17
A 368..524
Jproduct="5.85 ribosonal RIA"
isc, 525..518
Jproduct="internal transcribed spacer 2"
oRIGIN
cgeattgtee catattatat attccatact atgtcaccca casatatcta tassacccas
aacccattce asacatacge tggccagcat ascataagtc tagccgegea gecgrrcagy
trgeatgryt atcatatacy tggtgogtas gyatctrgct ggtagtcttc grrcatgaac
tggraatyce catgaatgac aggtttgact atcggcaagy tgctacggca acttagcact
cacqeggTat tactacceat tgTatticca CTQTQETCT Tagtgttcca ctotcggta
ctggatcgte ctoggacttt cettgtace ggtaggegec cetcggggas gaagecaact

Cipboard

@ Internet
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Structure

» What does NCBI do?

Established in 1988 as a national resource for
molecular biology information, NCBI creates
public databases, conducts research in
computational biology, develops software
tools for analyzing genome data, and
disseminates biomedical information - allfor
the better understanding of molecular
processes affecting human health and
disease. More,
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”E PubMed Central

Tn archive of biomedical and lie sciences journals
o Reefulltext
&_Over 900,000 aficles fiom over 200 iurmals.

» Assembly Archive

» Clusters of
othologous groups

» Coffee Break,
Genes & Disease,
'NCBI Handbook

» Electronic PCR
» Entrez Home

» Entrez Tools

» Gene expression
omnibus (GEO)

» Human genome.
resources

» Influenza Virus
Resource.

» Map Viewer
» dblMHC

» Mouse genome
resources

» My NCBI

» ORF finder





Blast Tree View Widget - Windows Internet Explorer.

[ nttps/fwwm.rcbi.nim. . gov/blasttreevien plast_tree.view.corequest=pageSeid=117465116-30663-92833603253 BLASTQ28aueryD v 42 [X | |

@ Nhewsstond | [@preferences | & [ search | Disses | @ e

Google[G~ VoD OB - 1y soomaricr B 107toded | P Check + N Autoink + &b sendtor
% | mastTree iew Widget v B - @ - [rpage - O Took -

database:
This tree was produced using BLAST pairwise a
Sequence Label 2 Max Seq Difference

Fast Minimum Evolution v'|| Sequence Tille (favailable) v|[0.75 v|[Reset] Show removed sequences  Hide Color Map

rectangle | [slanted | | radial | [ force| [ Show distance Mouse over an internal node for a subtree o alignment

S R —————— ] st names color map
b e e i1, 35312 157 ksl
S S h23 ot e A I oo
e B 2 Al S i oon
e e L o s =
L ) s et e o, oo e
D i b el g b LA S T et s e
I e R e
By o —
e g o s
e e e bl
§ et
e i o2 ke
s sl 250 e g )
B T S —
s ot ol e e o perp ]
o i 55 e L S s Sl S
e G el S S e
Pl e e it e
ey e
s .ol 2 2205 195 s, s S ST A S
e T e
bl Lo rl e s 1595 B s o o b
e B o e b e cnee s
g e e et e o e S S s o g .
st 53 o 0 S
? S ——
s o) 3 o W
i S e P B S
i o b St o kS S R e s
S e Sl R e A O e TS S i o Y
et bk ek e ey
e e e i
e o 22
e o
e s 302 o o
b mnails o e e e 253 oo o
e e e e
T e 2
5 i e o R
§ e
§ st 3 kS
ot oot e staunc A £ oo WSk
s < ot S G £ S WSS RS
E R ST e b SIS o N
iy et 42 e o
i o ot B
F Gl
§ ST
& ittt o 2t o e
e S e
e o S S vt
o ol o
F Gyrodachius cemuae 5,55 RN gene (paral) 1152 and 265 .
gt ie iy
e A s e L
P o e k]
e e
§ el e S
Sttt 52 s
s
et

@ imeret





NCBI BLAST - Windows Internet Explorer

90 (%] [ceese

NAR 2/
« NCBI
Handb

Similarity

Bl
ribut
Mailing l

fnew BLAST interfac

‘The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity between sequences. The
program compares nucleotide or protein sequences to sequence databases and calculates the statistical
significance of matches. BLAST can be used to infer functional and evolutionary relationships between
‘sequences as well 3s help identify members of gene families.

= New BLAS

Nucleotide

Quickly search for highly similar sequences
(megablast)

Quickly search for divergent sequences
(discontiguous megablast)

« Nucleotide-nucleotide BLAST (blastn)
« Search for short, nearly exact matches,

« Search trace archives with megablast or
discontiguous megablast

Protein

o Protein-protein BLAST (blastp)

« Position-specific terated and pattern-hit
initisted BLAST (PSI- and PHI-BLAST)

« Search for short, nearly exact matches,

« Search the conserved domain database
(psblast)

Protein homology by domain architecture
(cdart)

Translated

« Translated query vs. protein database
(blast)

o Protein queryvs. translated database
(tblastn)

o Translated query vs.transiated database
(tblasb)

Genomes

Human, mouse, rat, chimp, cow, pig, dog,
sheep, cat

Chicken, puffer fish, zebrafish
Fly, honey bee, other insects
Microbes, environmental samples
Plants, nematodes.
Fungi,protozoa, other eukaryotes

Special

Search for gene expression data (GEO
BLAST)

Align two sequences (bl2seq)

Screen for vector contamination (VecScreen)
Immunoglobin BLAST (IgBlast)

SNP BLAST

Meta

© Retrieve results

Disclaimer
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)+ [ el ov BLAST st caCHD =1eb3LAYOUT TwolindonsaAUTOFORMAT=SericutoSALTGNMENTS—308AL oy | 21 | [ccece

@ Arewsiond | @ preferences | % | Bsearch ~| Disaues | @ e |

New BLAST interface bet> release [NATANEITA B>

sstmbsoquence fom | J1e[ ]

® Human genomic plus transcript . N  rouse datate.
Choose datsbase O Mouse genomic plus transcript ‘combine genomic plus transeript alignments in

O Others (arete): 2 single report. You can also choose from

o e ot caqle s o)
Human genomic plus transcript v,
BLAST! R wessrue rarsan

for advanced blasting

or select from] All organisms

[0 Mask forlootup table only [ Masklower case





NCBI Blast - Windows Internet Explorer

release RVATIEIA] >

[ACEGTTTGCTAGATGARGTICACATICGATGAGTATGCGGCTICTGAGTAT TACACGGA
(CTTTACGGTTTGCTCGGARGTTARAGACCATTCTTTCATACACGECCTTTACGGTITGA
TAGAATGAGARATAGCTCTAATGGTTCTTCCTTAATIGCTTGGETAGTATIGTIGIGTA
(CTTTATGGTCTGCTCTGCACAGEETGCRTGECTTAGTTCGCTTIGTARCGCTTACTGA
|ACTAGAGATAGATTTGTGCATGATATACCCAGTGAARATARGT

sstmbsoquence fom | J1e[ ]

(O Human genomic plus transcript - " . datoto
Choose datsbase O Mouse genomic plus transcript ‘combine genomic plus transcript alignments in
@ Others (nr etc): a single report. You can also choose from
Others to use nr or an existing database.
o

W BLAST! Ly Resstauary /Rasatan

for advanced blasting

J o setect from All organisms

[0 Mask forlootup table only [ Masklower case
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indows Internet Explorer
B - [E ot

@ Arewsiond | @ preferences | % | Bsearch ~| Disaues | @ e |

Autotik + ) furer (@ sendtow

&= e

formatting BLAST

ation ults for an RID)
New BLAST interface bet> release [NATANEITA B>

Your request has been successfilly submitted and put nto the Blast Queue.

Query = (1223 letters)

The request ID is |1174465116-30663-92833603253 BLASTQ2

e

‘The results are estimated to be ready in 14 seconds but may be done sooner.

Please press "FORMAT!" when you wish to check your results. You may change the formatting options for your result via the form below and press "FORMAT!" again. You may also request
cesults of 2 different search by entering any other valid request ID to see otherrecent jobs.

Graphical Overview cquence Retrieval [1NCBLa{ Alignment ¥in[HTML ¥ fomat

I CDS feature

Masking Characted Lower Case ] Masting Colod Grey ¥

Number of: Descriptions] 100 ¥ Atignments 50_|¥] Graphic overview] 100_¥]

e
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RID-1174465116-30668-92833603253.BLASTQ2, - Windows Internet Explorer

[ ttp: /. ncbi.im. gov/BLAST/Blst.cal

@ Nhewsstond | [@preferences | & [ search | Dissues | @ ey

Google [Gr VoD O B - 1y soomarisr B 107bocked | " Check + % Look forep [ sendton

& & |Sro-wmsusnsssmmnsaase, || &-8

<> NCBI results of BLAST

BLASTN 2.2.16 [Mar-11-2007]

Referenc
Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman
(1997), "Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs”, Nucleic Acids R :

RID: 1174465116-30662-32833603253.5LASTQ2
Database: All GenBank+EMBL:DDSJ+EDE sequences (but no EST, STS,
GSS, environmental samples or phase 0, 1 or 2 HIGS sequences)

5,082,205 sequences; 20,048,520,234 total letters

1f you nave any problems or questions with the results of this search
please refer to the BLAST FAQs
Taxonomy reports

Query=
Lengtn=1223

Distribution of 203 Blast Hits on the Query Sequence

[Mouse over to see the defline, click to show alignments

Color key for alignment scores
<40 4050 5080 80-200 >=200
B e ———
1 I 1 1 I | I
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RID-1174465116-30668-92833603253.BLASTQ2, - Windows Internet Explorer

| G [ @ |
Coogle_mog(/oﬁ {}m.m 1B 107bocked | "9 check N Look forMap ~ -] il [dp send to

W |-t s smsseonss A e

Distance tree of resulss M

ZLegend for links to other resources: (U tnicene [ czo [@ cene B scruccure [ yap viewer

Sequences producing significant alignments:
(Click headers to sort colums)

L | e e | o | (G |/ | e
DQE36302.1 | Gyrodactylus selaris 165 rbosomal RNA gene, partal sequence; 220 2620 100% 00 100%
D823390.1 | Gyrodactylus slaris 165 ribosomal RNA gene, partiel sequencer 2020 2624 100% 00 100%
AF326671.1 | Gyrodactylus salaris 18 ribosomal RNA gene, partial sequence; 2416 100% 00 EXNN G|
2726775 Gyrodactylus selars 5,65 RNA gene, nternal transcribed spacers 203 100% 00 s0%

2416
2413

DOS16138.1  Gyrodactylus thymalli isolate 261-1 185 ribosomal RNA gene, partial 2408 2409 100% 0.0 so%
2408

D818055.1  Gyrodactylus thymalli isolate 220-1 185 ribosomal RNA gene, partial 2409 99% 0.0 s0%
AFegasas  Gyrodactylus salaris 185 ribosomal RNA gene, partial sequence; 2409 100% 0.0 s0%
DQS16137.1  Gyrodactylus thymalli isolate 178-G2 185 ribosomal RNA gene, partial 2407 99% 0.0 s0%
AJ515812.1  Gyrodactylus salaris 185 rRNA gene (partial), 5.85 rRNA gene, 285 100% 0.0 s0%
AJ001847.1  Gyrodactylus salaris 5.8S rRNA gene and ITS1 and ITS2 DNA ss% 0.0 so%
AFagasas.]  Gyrodactylus sp. (Rutilus rutilus) 18 ribosomal RNA gene, partial s8% 0.0 as%
AFesas3z.l  Gyrodactylus leucisci type 2 185 ribosomal RNA gene, partial so% 0.0 sa%
AFesas3s.l  Gyrodactylus leucisci type 1 185 ribosomal RNA gene, partial 89% 0.0 sa%
AFesas3s2  Gyrodactylus lavareti 185 ribosomal RNA gene, partial sequence; 87% 0.0 o7%
AFesasa7.i  Gyrodactylus sp. (Alburnus alburnus) 18 ribosomal RNA gene, 89% 0.0 06%
D355875.1  Gyrodactylus derjavini 185 ribosomal RNA gene, partial sequence; 81% 0.0 o8%
D0323202.1  Gyrodactylus derjavini 185 ribosomal RNA gene, partial sequence; 82% 0.0 s8%
AFegasas.]  Gyrodactylus sp. (Rutilus rutilus) 18 ribosomal RNA gene, partial 93% 0.0 sa%
41248350, Gyrodactylus teuchis 5.85 rRNA gene, 285 rRNA gene (partial), 0.0 sa%
AFasasaz.]  Gyrodactylus pannonicus 18 ribosomal RNA gene, partial sequence; 0.0 s8%
AFesas25.1  Gyrodactylus cernuae 185 ribosomal RNA gene, partial sequence; 0.0 sa%
AFesasis.  Gyrodactylus longiradix 185 ribosomal RNA gene, partial sequence; 0.0 100%
AF484530.1  Gyrodactylus derjavini 18 ribosomal RNA gene, partial sequence; 0.0
431320561 Gyrodactylus derjavini internal transcribed spacer 1, 5.85 rRNA gene 0.0
AF328863.1  Gyrodactylus pungiti 18 ribosomal RNA gene, partial sequence; 0.0
AFe8asan.]  Gyrodactylus luciopercae type 1 185 ribosomal RNA gene, partial 0.0
AJ001820.3  Gyrodactylus derjavini partial 185 rRNA gene, 5.85 rRNA gene ITS1 0.0
Av338asa.1  Gyrodactylus pungiti from Sweden internal transcribed spacer 1, 0.0
AFasasa3l  Gyrodactylus pungiti 185 ribosomal RNA gene, partial sequence; 0.0

‘Gyrodactylus luciopercae type 2 185 ribosomal RNA gene, partial 0.0

@ et




NCBI Sequence Viewer v2.0 - Windows Internet Explorer.

&)~ [2 el govjentesiavery fegrand=Retreveidy=Nuckosdesist

@ Ahewswnd |[@preferences | [ Gdsewrch -| Diswes | Clrieh
Google[G~ VoD O B - 1y soomaricr B 107toded | Check + N Autoink +

W B | N sequence viewer v20 | |

’ﬂ:ﬂ:ﬂ: ﬁ‘xl\ﬁjcleotide

Search | Nucleotide v |for| [Clear]

Limits Preview/index History Clipboard

Display | GenBank | show| 20 v|Sendto v ide: [ sequence [] allbut gene, CDS and mRNA features
. Comm Camms 000 |

[1: DQ89S302. Reporis Gyrodactyhus sala...g:117956970]
Features Sequence

zLocus DQ898302 1208 bp  DNA linear INV 27-DEC-2006
DEFINITION Gyrodactylus salaris 185 ribosomal RNA gene, partial sequence:
internal transcribed spacer 1, 5.85 ribosomal RNA geme, and
internal transcribed spacer 2, complete sequence; and 285 ribosomal
RNA gene, parcial sequence.
ACCESSION  DQ898302
VERSION DQE98302.1 GI:117956970
KEYHORDS
souRCE Gyrodactylus salaris (gyrodactylosis fluke)
ORGANISM Gyrodacty:
Eukaryota; Metazoa; Platynelminthes; Monogenea; Monopisthocotylea;
Gyrodactylidae; Gyrodactylus.
REFERENCE 1 (bases 1 to 1298)
AUTHORS  Robertsen,G., Hansen,H., Bachmann,L. and Bakke,T.A.
TITIE Arctic charr (Salvelinus alpinus) is a suitable host for
Gyrodactylus salaris (Monogenea, Gyrodactylidae) in Norway
JOURNAL  Parasitology 134 (BT 2), 257-267 (2007)
BUSMED 17052222
REFERENCE 2 (bases 1 to 1298)
AUTHORS  Hansen,H., Robertsen,G., Bachmann,L. and Bakke,T.A.
TITIE Direct Submission
JOURNAL  Submitted (11-AUG-2006) Natural History Museum, University of Oslo,
B.O. Box 1172, Oslo 0318, Norway
FEATURES Location/Qualifiers
souzce 1..1208
/organism="Gyrodactylus salaris®
/mol_type="genomic DNA"
/1s0late="252-5"
/isolation source=rlake Palsbufjorden”
/specific_nost="Salvelinus alpinus"

/country="Norway"

Details
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Spjct 238 ARRTCCAGCTTGGGGRACTGET 259

>[Ogb|arsesse1.1| Gyrodactylus luciopercae type 2 185 ribosomal RNA gene, partial
sequence; internal transcribed spacer 1, 5.85 ribosomal RNA

gene, and internal transcribed spacer 2, complete sequence;

and 285 ribosomal RNA geme, partial sequence

Sort alignments for this subject sequence by:

E value Score Percent identity
Query scarc position Subject start pesition

Score = 1505 bits (759), Expect = 0.0
Idencities = 896/939 (95%), Gaps = 2/938 (0%)
Strand=Plus/Plus

Query 287  CCGAACGAGATTCTTTTAACATAGCAATGAACACACGCTGTTTCATGCGCAACCARTCTG
LECCUCCDDECECE L T VL
Sbjct 289 CCGAACGAGATTCTTTTAACATAGCATTGATCACACGCTGTTTCATGCGCATCCAATCTG

Query 347  CCCTATARARTTGGAGAGTGATTAGATTGCTCACCCACCGTCGTTTAGATGGTTGACAT-
T
Sbjct 349 CCCTATARRATTGGAGAGTGATTAGATTGCTCACCCACCGTCGTTTAGATGGTTGACATA

Query 406  TARAACGCTCATTGGAGTGAACTGGTAGTCTTCCGAGCTAARRTGGTARTGGCTAGTCTC
LU LU L L
Sbjct 408 TAARGTACTCATTGGAGTGAACTGGTAGTCTTCCGAGCTARAATGGTAATGGCTAGTCTC

Query 466 GGTARGGTCTGACTATCGGTTCGGCTACGGCCAGCTCAATGTAGTATCCGCTATTACCGA
LU U
Sbjct 469  GGGRAGGTCTGATTATCGGTTCGGCTACGACCAGCTCARTGTAGTAACCGCTATTACCGR

Query 526  BA-CATACACTACAGTGGTTCGATAGAGTTCCACACTCACTGCCTCTGCACCTTCGGGTG
IR N T TN
sbjct 528 ARACTTTTICTACAGTGGTTCGATAGAGTTCCACACTCGCTGCCTCTGCACCTICGERTG

Query $85  AACAGTCCGTAGTGCTTAGCGCCCCGTCAARAGGGAAGAAGCTTTGETTTATTACAACTC
U0 U
Sbjct 589 ATTTGRACGTAGTGCTTAGCGCCCCGTCARARGGGAAGRAGCTTTGGTTTATTACAACTC

Query 645  CATGTGGTGGATCACTCGGCTCACGTGACGATGAAGAGTGCAGCAAACTGTGTTAACCAA
LELCCCECECE L E L
Spjct 649 CATGTGGTGGATCACTCGGCTCACGTGACGATGRAGAGTGCAGCARACTGTGTTAACCAR

Query 705  TGTGAAACGCARACTGCTTCGATCATCGGTCTCTCGAACGCARATGGCGACTARGEACTT
< I





ITS

K2P 0.02 G. salaris AF328871 Salmonidae
109“ G. salaris AF484544 WhiteSea grayling Salmonidae
24 G salaris AJ515912 Salmonidae
i G. brachymystacis DQ385447+448 Salmonidae
0 G. vimbi AJ407892 + 936 Cyprinidae
[ G leucisci AF484537 Cyprinidae
L— G sp. R rutilus AF484545 Cyprinidae
B 100 G osmeri EF113107 Osmeridae
100 ! G sp. A. alburnus AF484547 Cyprinidae
G. truttae AJ132260 Salmonidae
100 G. rogatensis AJ011411 Cottidae
{— G cernuae AF484529 Percidae
G. longiradix AF484538 Percidae
G. luciopercae AF484541 Percidae
G pungitii AF484543 Gasterosteidae
G. pungitii AY338444 Gasterosteidae
G teuchis AJ249350 Salmonidae
: 1 —— G sp. R. rutilus AF484546 Cyprinidae
ml G. sp. R. rutilus DQ993188 Cyprinidae
100 100 G. sp. O. mykiss AF484535 Salmonidae
G. blicensis AJ407867 + 917 Cyprinidae
G. sp. S. alpinus EF113106 Salmonidae
G lavareti EF113104 Salmonidae
G. pannonicus AF484542 Cyprinidae
&l G. gobiensis AY278041 Cyprinidae
G lucii AF484539 Esocidae
99 G. derjavini AF484530 EUROPE Salmonidae
G derjavini DQ323402 IRAN Salmonidae
G. aphyae AF484528 Cyprinidae
—— G aphyae AF484527 Cyprinidae
100 [~ G gasterostei AJ001841 Gasterosteidae
G. gasterostei AF328867t

Gasterosteidae

| G. gracilihamatus AF484532 Cyprinidae

100 | G gracilihamatus AF484531
G rutilensis AJ407890 + 934

Gasterosteidae

Cyprinidae

G. kobayashii AY278042 Cyprinidae




ITS2

2 substitutions

Host Thymallus this study

Host Thymallus White Sea AF484544
G salaris DQ898302

G salaris DQ823390

G salaris standard Z72477

G salaris this study

84 6

G brachymystacis DQ385448

G teuchis standard this study

G teuchis AJ249350

partner predicted by subtraction
G derjavini DQ355975
99 ' G derjavini DQ323402

99| G truttae this study
G truttae AJ132260
G derjavinoides this study
G derjavinoides DQ484530 UK
71 G derjavinoides AJ132259
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Figure 8-50a Molecular Biology of the Cell 5/e (© Garland Science 2008)
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small amount of one

normal deoxy
triphosphate precursors dideoxyribonucleoside
(dATP, dCTP, dGTP, and TATGYc T triphosphate (ddATP)
TATCG
dTTP) A
AATTC, T
GTSCAL
GG
rare incorporation of
oligonucleotide primer dideoxyribonucleotide by DNA
for DNA polymerase polymerase blocks further growth
5' of the DNA molecule
GCTACCTGCATGGA
CGATGGACGTACCTCTGAAGCG
3’ 5

single-stranded DNA molecule
to be sequenced

Figure 8-50b Molecular Biology of the Cell 5/e (© Garland Science 2008)




5' [GCATATGTCAGTCCAGI 3' | double-stranded
3’ CGTATACAGTCAGGTC 5’ DNA

labeled primer j

, '
5' [GCAT. 3 single-stranded
3’ CGTATACAGTCAGGTC 5’ DNA

+ excess dATP
dTTP
dcTP
dGTP
l+ ddATP 1+ ddTTP 1+ ddCTP +ddGTP
+ DNA polymerase +DNA polymerase Y+ DNA polymerase + DNA polymerase
[GCAT A [GCAT AT [GCAT| ATGTC [GeaT A6
[GCAT| ATGTCA GCAT ATGT [GEAT| ATGTCAGTC  [GERT| ATGTCAG

[GEAT ATGTCAGTCCA  [GEAT ATGTCAGT  [GEATI ATGTCAGTCC  [GEATI ATGTCAGTCCAG

T

igure 8-50c Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Contract Research
Latest technologies to
meet your needs

MIHOME| »MVDNAVISION

e commact
CcomPANY Us.

(-\ visisxs Roche 454 Next Generation Sequencing

[Ey— DNAVISION provides fast and quality sequencing

Gene Expression
Brochure: Next Gen Sequencing at DNAVision
DNA Sequencing
DNAVision has extended its portfolio of high quality genomic services with Next Generation Sequencing using the Genome Sequencer FLX system (Roche)

RocH e Through this breakthrough technology provided by DNAVision, a broad range of well known and new applications are available:

[ e —
Genomic shotgun Sequencing
Genome re-sequencing
Transcriptome profilng
Metagenomics and meta-transcriptomics

Those applications are provided by DNAVision following our highest quality standards.

Currently, sequence data generation is no more a limiting factor. Data analysis and interpretation is now the key factor in Next Generation Sequencing projects.
Thanks to its bioinformatic team, DNAVision is a real partner adding value to your research

Performances and output of next generation sequencers (NGS) unravels those of classical sequencing, which nevertheless remains useful for specific
applications alone orin combination with NGS.

DNAVision's service with Roche Genome Sequencer FLX system

Up to 400Mb per run obtained with between one and siteen samples
Fast data turnaround — 10 hours per run

Q20 read lenght of 400 bp and >1 M sequencing reads
State-ofthe-art bioinformatics support

Feel free to contactus (info@dnavision.be) for any information on our next generation sequencing senices, we will be pleased o find the most appropriate and effectiv technology for your research

Genomic shotgun sequencing

The whole genome sequence ofvirus, bacteria and fungi can be obtained in 3 single sequencing run. New SNPs, insertions/deletions can be rapidly identiied through this whole genome sequencing.
“This approach is particularly useful for new sirain characterization, sirain optimization, metabolic engineering or mutation discovery.

‘The genomic DNA is fragmented and a single stranded shotgun library is prepared before shotgun sequencing by GS FLX Titanium chemistry. This assay can generate up to 1 M of reads of 350-450 nt, allowing the
simultaneous full genome sequencing of several bacteriafungal strain in a single assay. Sequences are further assembled.

As the bioinformatic analysis is crucialfor the project's success, DNAVision also provides customized bio-informatic services (genome annotation, comparison with reference sequence ..) and complementary.
paired-end sequencing or gap-closing by primer walking. These senvices are full optional and depend on your needs.
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Home > DIVA sequencing > Applied Biosystems SOLID

DNA sequencing

Technology Platforms

» ABI 3730 platform

»Roche 454 GS-FLX platform

» 4B1SOLD sequencig system

+ lumina Solexa 1G Genome Analyzer|  The Applied Biosystems (AB) SOLID System is a highly

orven accurate, massively parallel genomic analysis plafform that

e supports a wide range of applications. The flexibilty of two
independent flow cells and multiplexing capabilty allow

researchers to conduct multiple experiments in a single run.

With unparalleled throughput and oreater than 99.94%

» Large-scal EST sequencing basecalling accuracy, the SOLID System enables

» Primer waking researchers to complete large-scale sequencing and tag

» SAGE sequencing experiments more cost effectively than previously possible

» Sequencing expertse

Applied Biosystems SOLID

»BAC end sequencing
» SNP discovery and resequencing

Genotyping

Custom libraries

Highiights:

Technology platforms

0 Obtain more than 2 Gb of data per run

Other services o High quality 35 bp reads generated with high confidence di-
X base encoding

Request a quote o Single molecule clonal amplification of templates avoids

cloning bias

0 Abiliy to run up to & samples on separate channels

0 Paired end library approaches

0 Robust chemistry for accurate base-calling

Applications:

0 De Novo Sequencing

0 Targeted Resequencing

0 Whole Genome resequencing

© Gene Expression profiing

0 Small RNA analysis

o Whole Transcriptome Analysis

© Chromatin Immunoprecipitation (ChIP)
o Methylation Analysis

Copyright © 2010 CD Genornics, Allrights reserved
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> DNA sequencing

Technology Platforms
» ABI 3730 platform

» Roche 454 GS-FLX platform
» ABISOLI sequencing system
» lumina Solexa 1G Genome Analyzer
Services
» Genomic shotgun sequencing
»BAC end sequencing
» SNP discovery and resequencing
 Large-scale EST sequencng
»Primer waking
» SAGE sequencng
» Sequencing expertise

Genotyping

Custom libraries
Technology platforms
Other services

Request a quote

Home > DNA sequencing > llumina/Solexa Genome Analizer I

lllumina/Solexa Genome Analyzer Il

Besides next generation sequencing technology by 454,
CD Genomics has extended its portiolio of genomic
senices with Solexa technology. Generating high quality
readout of one billion bases per run atless than 1% of the
cost of capillan-based methods, the Illumina Genome
Analyzer is designed to enable researchers to dramatically

improve the efficiency of current applications.

Highiights: Applications:

o Extremely high throughput 26
sequences per run
Scalable: Up to eight samples can be
1oaded onto the flow cell simultaneously
No problems with homopolymer repeats
High accuracy
Cost effective
Bioinformatics solution by professionals

Copyright © 2010 CD Genornics, Allrights reserved

Genome resequencing
BAC resequencing
Expression profling
Small RNA dentiication
ChIP sequencing
Paired ends sequencing
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Home > DIVA sequencing > AB1 37304 DNA Analizer
5 DNA sequencing
Technology Platiorms
» ABI 3730 platform ABI 3730xI DNA Analyzer
» Roche 454 GS-FLX plaiorm
» ABISOLD sequencing system The ABI3730d DNA Analyzer is a fully automated, 96-capillary electrophoresis instument. To
» lumina Solexa 1G Genome Analyzer | ensure high qualiy base caling, assembly and SNP detection, CD Genomics uses a
services combination of software and manual basecaling fo guarantee the Sequencing quali. Our
+ Genonic shotgun sequencing senior bioinformaiicians have ever viewed more fhan fen thousands of frace files and
e tmtren accumlated abundant experience.
» SHP discovery and resequencing
» Large-scale EST sequencing Shotgun sequencing
» priner waking End sequencing
» SAGE sequencing SNP discovery and resequencing
» Seauencing expertise EST sequencing
Primer walking
STR genotyping

Custom libraries. Sequencing expertise

Genotyping

Technology platforms
Other services

Request a quote

Copyright © 2010 CD Genornics, Allrights reserved
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Home » DINA sequencing
5 DNA sequencing
Technology Platiorms i
» 4813730 piatform DNA Sequencing
» Roche 45+ GS-FLX pltforn
» ABI SOLID sequencing system Equipped with high-throughput sequencers such as ABI 3730x, CD Genomics provides a
» Burins Solexa 16 Genorme Ansiyzer|  complete. sequencing soluion. Recently we have extended our porolio of large scale
e sequencing with Roche 454 GS-FLX System, ABI SOLID sequencing system and llumina
» Genomic shotgun ssauencing Soleta 1G Genome Analyzer using the Nex-Gen sequencing technology. Highly lxible DNA
e sequencing packages are talored fo meet every lents needs:

e
T

+ ABI 37301 platiorm + Genomic shotgun sequencint
+Roche 454 GS-FLX platform +BAC end sequencin
+ ABI SOLID sequencing svstem + SNP discovery and resequencin
+ llumina Solexa 1G Genome Analizer + Large-scale EST sequencin

+ Primer walkin

+ SAGE sequencin

+ Sequencing expertise

Genotyping

Custom libraries
Technology platforms
Other services

Request a quote
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FIGURE 2: SEQUENCING TECHNOLOGY OVERVIEW

1. PREPARE GENOMIC DNA SAMPLE 2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION

Randomy fragment genoic DNA
and lgate adapterst both endsofthe





7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND BASE

Aferlasar excation, aptrstheimage of  Second chemistry cycl:to Iiate the
emitad fuorescenc from each custeronthe  next sequencing cycle, 20d s four lsbelad
o call. Record the enty of th fist base_ reversbl terminators and enzyme to the
foresch cter. fowcel.





(1) Sheering tosmall fragments.

(2a) Linker

attachment (20) Circlarizaton

and linker attachment

/
{

(3 Ampiticaton

71\ "

(42) Boads applied to picotier plate. * %

(40) Boads immobitzed
in a monolayer in
an acrylamide matrix

a e 9
e — ﬁ—_“
Acgacge. togacge legacge P —_ 2 —

(50) Ligation with oligo pools added in cycles
(52) Pyrosequencing by primer extension (5o) Ligation wih 0190
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