Vyuziti molekularnich markeru
v systematice a populacni biologii
rostlin

11. Next generation sequencing (NGS)




Next generation sequencing
(NGS)

® prvni generace — Sangerovo sekvenovani

e dalsi generace — paralelni sekvenovani
mnoha molekul (PCR namnozenych)

* jeste dalsi generace —single molecule
sequencing



Obecny postup NGS

priprava knihovny
e nahodné stépeni genomové DNA na fragmenty, ligace adaptoru

prostorova separace jednotlivych fragmentu

dve ,zakladni“ moznosti sekvenovani

e sekvenovani klonalné amplifikovanych templatd
e emulsion PCR (emPCR)
e solid-phase amplification

e jednomolekulové sekvenovani
imobilizace k povrchu

vlastni sekvenovani a zaznam dat
e pyrosekvenovani (Roche/454)
e cyclic reversible termination (CRT) (lllumina/Solexa)
e sequencing by ligation (SOLID)
analyza dat (analyza obrazovych dat, kontrola kvality, ...)
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Nejrozsirenejsi NGS platformy

Roche/454 — emPCR, pyrosekvenovani
lllumina/Solexa — solid phase (bridge), CRT
Life/APG (SOLiD) — emPCR, ligation

Pacific Biosciences — single molecule real time (SMRT)



Emulsion PCR
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Solid-phase amplification

pfiprava vzorku
DNA (5 pg)

bridge amplifikace

podle Metzker 2010



Pyrosekvenovani
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Pyrosekvenovani

Flowgram
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Cyclic reversible termination

zaclenéni odmyti zbylych odstranéni
vsech Ctyr nukleotidd, barvicky,
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Srovnani platforem

priprava chemie délka doba béhu | Gb na vyhody nevyhody
templatu Cteni (dny) jeden béh
(baze)
Roche/454 | emPCR pyrosekve- 350-750 0.35 0.65 dlouhé drahé v
(GS Jr., FLX) novani cteni, prepoctu na
rychlé bazi, vysoka
chybovost u
homopolymer
lllumina/ solid- cyclic 75-250 0.8-11 3-600 nejrozsi- | nizka moznost
Solexa phase reversible fenéjsi multiplexovani
(GAII, bridge PCR | termination vzork(?
MiSeq,
HiSeq)
Life/APG emPCR sequencing | 50 7-14 30-50 vysoka kratké délky
(SOLiD 3) by ligation spolehli- | ¢teni, dlouha
vost ¢teni | doba béhu

Metzker 2010, Glenn 2012 (NGS Field Guide — http://www.molecularecologist.com/next-gen-fieldguide)




Co dale se sekvencemi ?

e FASTA + quality scores

e assembling
e de novo assembly
e vyuziti referenéniho genomu (reference-guided)

e vyuziti sekvenci pro
e hledani variability (SNP)
e hledani mikrosatelit(
e identifikace vhodnych regiont pro fylogenetické studie

e fylogenomika — fylogeneze na zdkladé celych genomu
(napr. cpDNA) a
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Vyuziti NGS

sekvenovani genomu de-novo

e cilené obohaceni genomu (targeted enrichment),
tj. sekvenovani jen c¢asti genomu

re-sekvenovani genomu — read mapping
sekvenovani transkriptomu (RNA-Seq)
amplikonové sekvenovani

(environmentalni) metasekvenovani



Whole genome sequencing

e sekvenovani + assembling

e jednoduché pro malé genomy
e bakterie
e coDNA

e pro velké eukaryotické genomy stale slozité
a narocné — kombinace dat z vice platforem



Sekvenovani celych chloroplastu
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Sekvenovani celych chloroplastu
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Straub et al. (2012): Navigating the tip of the genomic iceberg: next-generation sequencing

for plant systematics. American Journal of Botany 99: 349-364.



Targeted enrichment

e pro snizeni komplexity
e restrikcni stépeni genomu
e sekvenovani jen casti genomu za stépnymi misty
e hledani SNP -> binarni data
— RAD-sequencing
— GBS (genotyping-by-sequencing)

e Hyb-Seq
e hybridization based enrichment
e obohaceni o specifické (predem dané) sekvence

Cronn et al. (2012): Targeted enrichment strategies for next-generation plant biology. American
Journal of Botany 99: 291-31.



RAD-sequencing

Restriction-site-associated DNA sequencing

+++TAG CTACACGCTGAAAGACTGC. . . ACCCAGATTACAGACT CAG. ..
.. .ATC CCGATGTGCGACTTTCTGACG. . . TGGGTCTAATGTCTGA! cTC. ..
A Cut l

CTACACGCTGAAAGACTGC . . . ACCCAGATTACAGACT
‘GATGTGCGACTTTCTGACG. . . TGGGTCTAATGTCIGA
B MID
P1 adapter EEIER :
P I ccrar Cut site
. llumina overhan .
lllumina MID 9 MID lllumina
CGATA! CTACACGCTGARAGACTGC . . . ACCCAGATTACAGACT! TATCG

GCTAT GATGTGCGACTTTCTGACG. . . TGGGTCTAATGTCTGA: 'ATAGC

Pool and Shear l ’
c lllumina MID ¢ MID lllumina
CGATA! CTACACGCTGAARGAC TGC. . .ACCCA GATTACAGACTCCTGCATATCG
GCTAT GATGTGCGACTTTCTG ACG. . . TGGGT CTAATGTCTGA ATAGC
D P2 adapter l
TGC...ACCCA
ACG. . .TGGGT
P2 adapter lllumina MID MID lllumina
CGATA CTACACGCTGARAGAC GATTACAGACT: TATCG.
GCTAT GATGTGCGACTTTCTG CTAATGTCTGA ATAGC
P2 adapter
Amplify with P1 primer | ccearcr
E and full P2 primer | TCCTGCAGATCT
lllumina MID lllumina
CGATA CTACACGCTGAARAGAC
GCTAT GATGTGCGACTTTCTG
CGATA AGTCTGTAATC
GCTAT TCAGACATTAG
Sequence
F lllumina MID
MID 1 CGATA cracaccereaaacac G «—100bp —
CTJ\CACGETGMAGAC Ml D 2 I I
I I
MID 2 > GATGTGCCACTTITICTG ——
MID 3
MID 3 GCTACACGGTGARAGAC S — ——
CGATGTGCCACTTTCTG MID 4 o — ——
MID
MID 4 CTACACGCTGARAGAC < ~400bp
GATGTGCGACTTTCTG

Davey J.W. & Blaxter M.L. (2011): RADSeq: next-generation population genetics. Briefings in Functional

Genomics 9: 416-423.
Davey J.W. et al. (2011): Genome-wide genetic marker discovery and genotyping using next-generation

sequencing. Nature Reviews 12: 499-510.



RAD u blizce pribuznych druhu

recentné divergujici skupina — blizce pribuzné
druhy

reduced representation sequencing (RAD Seq)
fylogeneze a detekce ancestralni hybridizace
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Hyb-Seq

e solution phase hybridization

e ‘baits’ (kratké useky RNA)
syntetizované na array

e hybridizace v roztoku

e immobilizace via biotin-
streptavidin

e obohaceni o cilové sekvence

Cronn et al. (2012) Amer. J. Bot 99: 291-311
Lemmon et al. (2012) Syst. Biol.
McCormack et al. (2012) Syst. Biol.

Bi et al. (2012) BMC Genomics
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http://www.onekp.com

e sekvenovani transkriptomu pro 1300
ruznych druhu rostlin (z toho cca 750
krytosemennych)

e cilem je shromazdit informace pro robustni
fylogenetické studie a pro biotechnologie

e vhodné pro selekci vhodnych gent pro
fylogenezi, napr. pro design baits pro
enrichment



Genome-skimming

e sekvenovani genomické DNA s velmi
nizkym celkovym pokrytim

e ziskani dostatecného pokryti k assemblingu
e celého plastomu &
o velké ¢asti mtDNA ’
e rDNA cistronu

e rady kandidatnich
single-copy genu

Nucleargenome resequencing

reference-gur’ded assembly

Straub et al. (2012): Navigating the tip of the genomic iceberg: next-generation sequencing
for plant systematics. American Journal of Botany 99: 349-364.

Steel et al. (2012): Quality and quantity of data recovered from massively parallel
sequencing: Examples in Asparagales and Poaceae. American Journal of Botany 99: 330-348.



Sekvenovani transkriptomu

sekvenovani cDNA (ziskané reverzni transkripci
MRNA)

transkriptom mnohem mensi nez genom
vhodné pro nemodelové organismy

vyuziti

e hledani vhodnych gent pro fylogenetické studie
(variabilni Useky pri porovnani informace z vice jedincu)

e identifikace mikrosatelitU



Amplikonové sekvenovani

e PCR konkrétniho genu (intergenické oblasti)

e oznaceni jednotlivych vzorku specifickou
sekvenci (MID)

e paralelni sekvenovani vsech PCR reakci

e oddéleni sekvenci v pocitaci na zaklade MID
identifikace

A 454-adaptor
key
MID

| [ r
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Locus-s pecific key
PCR amplification B

200-600 bp

|

emPCR Amplification and sequencing

|
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Metasekvenovani

PCR amplifikace konkrétniho genu z
environmentalniho vzorku (voda, plda atd.)

sekvenovani vSech produktu
srovnani vyslednych sekvenci s databazi
identifikace druht a jejich frekvence

pouziti — zjisteni slozeni spolecenstva
e bakterialni nebo houbové spolecenstvo
e historické — napr. z DNA z permafrostu
e potravni preference Zivocich(



Historicke slozeni arktické vegetace

e
22 960 + 120 years BP
Bistorta vivipara 47.25
Equisetum arvense/E. fluviatile/E. sylvaticum 24.31
Salix sp./Chosenia arbutifolia/ Populus balsamifera 4.74
Armeria scabra 3.03
Thymus oxyodontus 2.77
Lagotis glauca 2.17
Asteraceae 1% 1.87
Avenella flexuosa 1.77
Aconogonon alaskanum/A. ocreatum/A. tripterospermum 1.36
Rumex sp. 1.31
Packera sp./Senecio sp. 0.96
Poaceae 1t 0.96
Ranunculus acris/R. subborealis/R. turneri 0.81
Festuca sp. 0.76
Hulteniella integrifolia 0.66
Saxifraga hirculus 0.55
Trientalis europaea 0.45
Asteraceae 2} 0.40
Valeriana capitata/V. officinalis agg. 0.35

Senstebg et al. (2010): Using next-generation sequencing for molecular reconstruction of past Arctic
vegetation and climate. Molecular Ecology Resources 10: 1009-1018.



Golden marmot

Key:
® Apiaceae

@ Asteraceae

@ Caryophyllaceae

® Cyperaceae
Fabaceae
Poaceae

® Polygonaceae

@ Others

TRENDS in Ecology & Evolution

Valentini A., Pompanon F. & Taberlet P. (2008): DNA barcoding for ecologists. TREE 24: 110-117.
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