SINE, LINE, etc.

(Shedlock et al. 2004, TREE; Ray et al. 2007, MolEcol)

Transposable elements
Vytvari kopie (vétsinou)
Kopie integrovany na nova mista v genomu

Obvykle nejsou specificky odstranovany

Molekularni fosilie — neexistuji homoplasie !!! v L N >
S Bl ‘
Nesmirné pocetne Objev DNA transpozoni u

kukurice: Barbara McClintock

Clovék — vic jak polovina genomu (ost. druhy — 40-90%)




Typy transposabilnich element

Koédujici své proteiny, autonomni, 1-10 kb

— DNA transposony (cut-and-paste)
— transposasa
— Retrotransposony (copy-and-paste)
— LINE

1-2 proteiny, kopie pres RNA
— LTR retrotransposony

5-6 proteinu, také pres RNA

DMA Transposon m=qf=  Transposase gene jemm

Autonomous Refrotransposons

LTR Retrotransgoson

{55'““*[ l 6-5 kb

Ner-autonomous Relroransposons

SINE CATENI -2

0.1-0.5 kb

Nekoduji proteiny, neautonomni, 100-1000 bp
paraziti pfedeslych, napf. SINE (Clovék Alu — vice nez 1 milion
kopii) — nejCasteji pouzivané v populacnich a fylogenetickych

studiich




LINE - mechanismus transpozice

Kopie pfes RNA
Reversni transkriptaza

Masinerii vyuzivaji SINE (jsou to ,paraziti®),

Alu (SINE) a L7 (LINE) se stejne rychle mnozi

- &7 =D,
I na DNA
! I

DNA

Noveé misto v genomu

 u L a.b &l

 LTR retrotransposony — opét pres RNA, slozitéjSi proces




Velmi nizké riziko homopldzii —

SINE = idedlni fylogenetické markery

Locus 1

Species

Assumed phylogeny

¥ Retroposition of the SINEs

|
|
|
= AB C D |
-« |
+ | Speci
SINE ! pecies
[ ' A
: Locus 2
| \ — B
|
Locus 2 _ |
Species LT c
A B C D I
: D
|
|
|
|
|

+

,Single-locus marker*

- PCR amplifikace daného useku a elektroforéza




Neexistuji zpétné mutace = vyhoda oprofi

sekvenaénim dattum

| Point mutation | Species 1

Species 2 J\ Species 3 - -
~ ~ Which is true?

~

— e

Species 1
Species 2

Species 3
Species 1
Species 2
Species 3
Species 1

Species 2

Species 3

Priklad aplikace: kytovci vs. sudokopytnici (hroch je bratr velryby)




Budoucnost genetickych metod
v ekologickém vyzkumu

. Nové postupy pri sekvenovani
DNA (..genomics")

Molecular Ecology Resources (2008) 8, 3-17 doi: 10.1111 /7.1471-8286.2007.02019.x

TECHNICAL REVIEW

Sequencing breakthroughs for genomic ecology and
evolutionary biology

MATTHEW E. HUDSON
Department of Crop Sciences, University of Illinois, Urbana, 334 NSRC, 1101 W. Peabody Blvd., IL 61801, USA




Sequencing - Sangerova metoda

DNA

—>

PCR product

cloned fragment
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detector
laser beam

capillary
electrophoresis




.Next generation sequencing”

,polonies”
(polymerase colonies)

2) Immoblize individual DNA
molecules on solid support

3) Amplify DNA in clonal
‘polymerase colony’

4) Sequence DNA by adding liquid
reagents to immoblized DNA colonies

5) Interrogate sequence incorporation in situ

after each cycle using fluorescence scanning * * * a *

or chemiluminescence

... commercially available since August 2007




454 pyrosequencing

« emulzni techniky amplifikace
pikolitrové objemy

* simultanni sekvenovani
na destiCce z optickych vlaken
detekce pyrofosfatl uvolfiovanych pfi
inkorporaci bazi

* Prvni generace GS20
— 200 000 reakci najednou
(zhruba 20 milionu bp)
dnes FLX — 400 000 reakci najednou

* Problémy s homopolymery

« Délka jednotlivych sekvenci 100 — 400

DNA polymerase
TGCACCTT TGGCCG_ - snoa p— S ACCTTTAGASTES 3
CGGC--- ol wr
dANTPE pp, wl
ATP-sulfi urya“ase %
ATP 2

E
Next base Luc.gfemse 1000
e
o w0 m w4 % e 0w w0
Apymse Tirne (5}

{wash}

Molecular Ecology (2008) 17, 1629—1635

NEWS AND VIEWS

PERSPECTIVE

Sequencing goes 454 and takes large-scale
genomics into the wild

HANSELLEGREN
D-L’pr?rl’?h'(’ﬂl qf'wauifﬂﬁrzrb.r B;r'ufngy, [Ippsam Unftwsr'ry,

Norbywigen 18D, SE-75236 Uppsala, Swweden




Solexa/Illumina 16 SBS technology

(SBS = sequencing by synthesis)
1 Gb (8estinasobek genomu Drosophily) .

Vyrazne levnejsi

Sekvence délky 35 bp

Flourescence, reversibilni
terminatory

SpisS pro resequencing




SOLID

(sequencing by Oligonucleotide Ligation and Detection)




454 Solexa
pyrosequencing 5BS sequencing

Agencourt / ABISOLID
polony sequencing

All methods ligate single, randomly sheared DNA molecules to support

DMA support surface of ®
flow cell ~1 pm bead

25-36 um bead

Amplification ) :
in situ PCR on
emulsion-phase PCR solid surface emulsion-phase FCR
Sequencing
surface
1 600 000 well plata B-channel flow cell Single slide
one bead per well clusters of CNA

imaged in panels

randomly located beads random

Sequencing

chemistr
Y Nucleotide incorporation
sAnnAnGE 22
| P} A
PR — ',—— ADP 4 (
\vi Sulfurylase nAnnCzzz
ATP s
“‘4 . nnnAzzz
Lucifarin g Eacking @rou
Lurifarase -

A

M

reversible-terminator

nannT 222

Ligation of sequence-

pyrosequencing sequencing by synthesis specific labeled oligos
Sequence Chemiluminescence Fluorescence Fluorescance
detection {one channel) {focur charnel) {four channel)
Read length 100-400 bp 35bp 25 bp (paired)

and number > 2x 10 reads

~4x 107 reads

> 107 reacs




Total sequence (billion base pairs)

,genomics era”
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Budoucnost genetickych metod
v ekologickém vyzkumu

2. Analysis of expression by
microarrays (..transcriptomics”)

Ranz JM, Machado CA: Uncovering evoutionary patterns of gene
expression using microarrays. TREE, 21(1): 29-37
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Microarray analysis of transcriptome
(~ specific DNA hybridization)

A@F

@

Cpy
@

y %,

\t
>
Probe (i.e. synthesized

Target (i.e. mix of transcripts oligonucleotides
in a form of cDNA) complementary to particular
genes)




How to get a transcription profile

(b)
- vzdy srovnani kontroly a ,treatement”
Co-hybridization
RNA preparation Labeling and signal
‘ quantification (c)
Experiment

AU Red (r) channel "N
= Green (g) channel ﬂ ﬂ [l
n S Output (r + gj "N
Reference R S _ E E -

REMNDE in Ecology & Evalution

Analysis of expression level




Radboud University Nijmegen

Case study: Joop Ouborg et al.

Transcriptional profiling of inbreeding depression and genetic erosion in
Scabiosa columbaria: the balance between genetic drift and selection
In the genetic erosion process.




Example: inbred
roots mall pop

Scabiosa columbaria E CO
shoots ;—»Iarge pop o0

outbred

I—»cDNA library

omics

1

530.000 sequences
in one run, leading
to ~ 40.000 ESTs

\

15k — 30k
60-mer
microarrays

454 sCiences

Agilent eArray

Agilent Technologies

\J
Experiment: transcriptional profiling of inbreeding depression




cDNA library preparation — 454 sequencing of transcriptome

FIGURE &

DNA Library Preparation

Amplified sstDNA library beads

Sequencing

—-

7.5 HOURS

Well diameter: average of 44um
400,000 reads cbtained in parallel

A single eloned amplified sstDNA
bead is deposited per well

Quality filtered bases




Counts (log) / contig size
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Total number of reads: 528557 Number of contigs: 40302




ECWICS
In the next phase: C X

Annotation of these 40.000* ESTs (,expressed sequence tags”)

Automated programs available, like BLAST2GO (http://www.blast2go.de/):

just feed a file with the ESTs into the program, and turn it on......
1 week later you will have the results, being:
. Homology with known sequences

. Known function

The sequences may also be searched for:

EST-associated SSR markers: MISA (hitp://parc.ipk-gatersleben.de/misa/)

SNP markers: SNP-mining software like PolyBayes
(http://genome.wustl.edu/tools/software/polybayes.cqi)

Again by using search software, freeware

ALMOST HALF OF GENES (ESTs) ARE UNKNOWN !




1. Design of quantitative RealTime-PCR methods, based on EST
sequences

O =———————Amplification Flot
" Amplification — e-myc 5 GAPDH 2-tube
10" g —Samples
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omics

2. Design of a Scabiosa specific microarray




ECWICS
L X

 Ecogenomic approach to conservation genetics leads to insight in
effects of genetic erosion on functional genetic variation

Expected pay-off:

« How does genetic erosion affect evolutionary potential?

 What is the balance between genetic drift and natural selection in
effects of habitat fragmentation?

« Are there general inbreeding depression genes, or is inbreeding
depression a random phenomenon?

 Which genes are involved in inbreeding depression in different
life history stages, and can this explain the non-correlation of IBD
between these stages?

 What are the footprints of selection in the genomes of individuals
from small and large populations?

 What is the selective value of variation in gene expression?




ECWICS
L X

454 FLX-cDNA sequencing : 1 month, 15.000 € (used to be
200.000 € with Sanger technology)

Costs/requirements:

Costs are diminishing continuously

microarray production: 100 € per array
microarray screening: 150 € per array

cheaper options (like SOLEXA technology) are becoming
available, at much lower costs




Relative costs of conservation genomics:

Ecologische hoofdstructuur van Nederland
Mot samenhangend ngtwerk Yan m irtedmationaal apzicht belengrijhes:
. g

Projected costs (but this is
almost certain a severe
underestimation):

20 billion Euro

That is:
20.000.000.000 Euro

That is equivalent to 40.000.000
microarray runs.............

We live in exciting times !!!




