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experimental evolution allows us
to test many questions...

how repeatable Is evolution?

©

how well can we localize/identify QTL?

©

©

what are the origins and fates of
adaptive alleles?



@) APPLICATIONS OF NEXT-GENERATION SEQUENCING

Elucidating the molecular architecture
of adaptation via evolve and
resequence experiments
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“The time Is right for practitioners in the different
systems to learn from one another.”
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Pooled genome sequencing
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utility of pooled samples for Pool-SEQ
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'IE}.I".PPLIC."I.TIDDHS OF HEXT-GENERATION SEQUENCING

Sequencing pools of individuals —
mining genome-wide polymorphism
data without big funding

Christian Schidtterer', Raymond Tobler' -, Robert Kofler' and Viola Nalte'

Abstract | The anabysis of polymorphism data is becoming increasingly important as a
complementary tool to classical genetic analyses. Nevertheless, despite plunging
sequencing costs, genomic sequencing of individuals at the population scale is still
restricted to & few model species. Whele-genome sequencing of pools of individuals
(Pool-seq) provides a cost-effective alternative to sequencing individuals separately.
With the availability of customi-tailored software tools, Pool-seq is being increasingly used
for population genomic research on both model ard non-medel organisms. Inthis Review,
we not only demonstrate the breadth of guestions that are being addressed by Pool-seg
but also discuss its limitations and provide guidelines for users,

Abaual & decade ago, 2 fully seguenced genome was big
reews. Bl nonw, e L ru|.1i|l advances in R-GEETaNgr
segLenng (N GE) lechinology and coampater algarithmes
fur wssernbling sharl reacs, we are enjoving the avail-
ability of am ever increasing numb=r of genomes from
a broad spectrum of non-model organisms’, In pacallel
with the growing catalopue af reference pencanes, 2 wri-
ety of approacties have smerged that seek v character-
ize the genarme-wide palymorphisom pattecns. Argually,
Lt most cornprrelensive polymeephism dat sa Eor have
been penerated by single-nucleotide palymorphizsm
{48 P) microarcayve in homans™. More cecently, the
field has begun meving towards Uee characterization
of Tull genome sequences, with 1000 genome projects
campleted for humans’, Armbdilopeis Faliane and canle®,
In Diresoptoila mslarogester oo, hundoeds of genomes
b already been seguenced, and cther secies, such as
paps and dogs, are catching wp Does this imply that we
baave o captiwred all of Lhe relevant vasiation and Lk,
despite seane minar bits and pieces of data remaining
Lo b fllesel, i essence we are close W owhat we need 1
wnderstand variation in these species?

Prabalbly the bt demonstration that this & ool the
case comes again from hurmaen genetics. The analyaas
o human diseases and cther comples ity indicated
that even the analysis of several thowsand indaviduals
frequertly turned aul te be InsalEcent v odetermine the
underlying penetic architectune™. Given this scale, it is
clear Lhat many research questions sannat be addressed

MATLHD EEVIEWS I METICS

by whole-genome sequencing of individeals, even
though the seguencing costs af a haman genome bave
e ecmeisaed below the "mags line' of USELOD0 [REF 5,

I this Keview, we discwss whale-genome sequencing
af paals of frdividuals {#000-553) — an approach thae
provides genome-wide palymorphism data ot consid-
erably lver costs than sequencing of individuals, We
expluin why Fool-seg i more cost-effective, compare
it Lo oller approaches, review dedicated soltware wols,
and discuss limitations and further dicections, On the
hiansis of various intraspecific whale- genome Paal-seq
stwdies, we demensteate its versarilivy and efficacy in
facilitating a broad range of genome-wide analyes.
Herwever, we da nol cover the metagenomic analysis
af prals consistirg of mueliple species, as this has been
reviewed elsewhere'”.

The cast-affectiveness of Pool-seq

Feev 1o pepulatian genetic surveys 3 information about
palymorphic positions in Uke gename and ke frequen-
cies ol variantalleles in various popualations, The power
af many genetic amdyses increasss with the accuracy
tr which allele frequencies con be determined Troan
population samples. Pool-seq provides mare acou-
rate allele frequency estimation 2t a lower cost Lhan
seguencing af Imbividuals' 7 To understand the basas
al this difference, it is important b remember that
allele frequencies are typacally estimatesd Troom samples
dravwn from a larger population. Smaller sample sizes

VOLLME 15 | BMUOVEMELE 2204 748

best practices:

pool > 40 individuals

coverage > 50X

read lengths > 75bp



black line = frequency differences between
ACO and CO treatments

gray line = frequency differences between
ACO:1 and the entire ACO pool

e T

J 4 5 @6
a

-log1o(p)

2
I




lots of differentiation
between the ACO
and CO pools

no differentiation
between ACO;: and
the ACO pool

~500 genes under
peaks

-log1o(p)

& ¥ o 1 2 3 4 5 & 7T o 1 2 3

5

o 1 2 3 4

4 5 8 7 0 1 2 3 4 5 & 7

3

2

1

3R




classic selective sweep

a beneficial mutation arises, natural selection
Increases the frequency of this allele until fixation

allele frequency
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classic selective sweep

at sweep locations, heterozygosity losses should
occur at selected and linked sites

0.5

heterozygosity

genomic location



heterozygosity
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more losses of
heterozygosity In
ACO

local losses
correspond to
differentiated regions

ACO1 heterozygosity
resembles ACO pool
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heterozygosity

~50X coverage per replicate
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heterozygosity

~50X coverage per replicate
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conclusions

©

how repeatable Is evolution?

how well can we localize/identify QTL?

©

what are the origins and fates of
adaptive alleles?

©



. eukaryote . short generations

. sexual recombination . archivable



Saccharomyces cerevisiae

. eukaryote . short generations

. sexual recombination < archivable



ecombinant population
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15 candidate de novo mutations
 none > 0.2 In any replicate
e none private to any replicate

0 6 12 18

~75K standing variants
e fit inear models -
e permutation tests

haplotype frequencies
e founder alleles known — =)
e enrichment in evolved lines 0 18
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conclusions

©

how repeatable Is evolution?

how well can we localize/identify QTL?

©

what are the origins and fates of
adaptive alleles?

©
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A Guide for the Design of Evolve and Resequencing Studies

Robert Kofler” and Chrstian Schitmens’
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The Power to Detect Quantitative Trait Loci Using
Resequenced, Experimentally Evolved Populations
of Diploid, Sexual Organisms

Jarmes G Baldwin-Brown ™' Anthony D. Long' and Kevin B Thormton'
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& nowel approach for dissecting complex i is w experimencally evolve laboracory popelacions under a conoroled
enviromment shift. resequience the ressling populateors, amd sSencify single nudkeotete polymonshions [SNPs) andior
greamic regora highly dieerged in allele freguency, thth#u“ﬂhw-whﬁmﬂrﬂmln
wviler and reseguencr [FE&R) approackh, we camried out f d-in-gime populsts baZizrm. of 1 Wb gr i
r@wuﬂthrmumﬂnﬂmmmmmmm-hwylm
analysis insdicates that the abiiny to dececy differenciation berween popalacions & primarily afierzed by sslermion coef-
ficlemt, population size, member of replicare popaetacions. and nember of founding haplooypes. 'We estimane thar E&R
studies can detect and lecalize camative sites with B sccen or greater when the member ol funder Baplictyoe @
S0, experimental popelations are replicated 22 least 3%-fold, populstion sizr n 22 least 1,000 diploid individuai, and the
selecxion coefficient on the locus of interest is ar least 0L More achievable experimencal designs (less replcanesd, fewer
founder haplotypes. smaller effectve populaton sive. and smalier seloctson coefficents] an have power of grearer chan
0% to identify a handiul of SNPy of which one i Beely cauagive, Similarly, in cases where ¢~ 0L, e demanding
experimental desigmy can yiekd high poreser,

Ney words: simulateon, QTL detecteon, genomic, adaprive evolurion. expersmental svolation, svolve and reSsjusnie.

Introduction

Cuancicackee raies e of specal interest m biologies. The
aracion in mary mais of medical agrouneml anc eeobs
Eiorary relevance i due B ithe condertisd action of weeeral
genes and the enviromrent, Quariitative trast lpous (ML)
rrapping has been effective ar esplaining the majoniny of the
heriabilicy of a crair bur & poorly suited oo resohving the o
cation of QL beyond several oM [Mackay et al 20000 Mo
recertihy, several groups Fave attermpted o ncreme the e
lutizn of CITL rapping, wieg sdhanced preration meoambs-
rant inbred lives (cf. Kowver er al 3009 Ayor ez al 2010; King
etal 2002 bur resolumon s sl lim ke oo cf4 scales Recendy,
pencme wide ssoctation stuSes ([DWAS) have becoew 3
rrajer rmethod for imeetigating the penetic hass for gquanti-
cackee craics {The Waellcorne Triss Case Comrol Consormum,
20073, 3007 Craddodk e al 20100 Akhough WAL snudees
baree idencified replicable associarions berween SMPL and
cormphee traty, assccinted SMPy el o aaplen only 2 small
fraction of the keritable vanstion in the siuly trail [(Mamalia
et al 2009), a problemn char cannot be sobved by increzsing
sarmiple s oo rens of chouwsnds of indedusk (Sigrer-Hader
e al 20 2 ar replacing SNPohips. with complete reseguenosd
pencmes Spencer o &l 200 Oty & 5 of vake o eaplon
rowe] mechods for dEsecning comples traiks

Ini gysnemms char hawve ShoeT @ENdrnoon TImies and That cn
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[hzes popubmon & deedes noo weverzl rephoace popubEong
thall of which are submcied 0 2 welldefmed wiecton pre-
v, and the other FaF of which s montams) withos
sElernon. Neo the DA pock from esch popaboon ane
TESEQLEnors LENE Meclen tachnDiogy 2nd alse Teguenoes
i pach poal are esterated, BT arcdior peore regirs
shreaing roraiten] diflerentizton et wiecied sl con-
il popubstion are candichein, B Farboring cacsacter w-
ance Snudes sing this deopn have climed o deose
numbers of cancedare cascrove e (O8] from 552 [Barke
et all 200 b st SUO00 [ Drorcs Termengesd o ol 23] e
warcns. crantiiative rat, Cormerthy the U detecsed by DR
michods Fave not Deen valdaned

Tio clare, che fickd of EER Feg been aimiosr enorely e
2y moorared. Srudy decgre. have vaned grealy in oenms of

£ T A 2718 Publrdteeyl ey Clferd Litmeprsis Prcis o laha? o the Sty e Sibeyuilen Besiigy arl Snepiiinier
Thin i w7 My demem w=ern Ao e vy e o of dw O Comromne Aciarion Liomw (= oo

rd e dierrinrion. snd peeiesen m 2 reediorr,. Tevdesl dhe origra. ek n r. n

INfEL1DED- 1055 Got LIS malbesirrsalel  Advanoe Aooen pubBoamon [Enecery 15 2004

i i el ey i R R e e i o sl ) L e R e

best practices

Ne > 1000

replicates > 25

enerations > 500
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