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World’s biggest genome?

Largest genome...or is it?
The largest genome

ever sequenced

Amoeba

Polychaos dubiu
Canopy plant

Paris japonica

Loblolly Pine
Pinus taeda

670,000,000,000 bp 150,000,000,000 bp 22,180,000,000 bp.

( BioMed Central

The Open Access Publisher

670 150 22.1

omes can be large

The previous

record holder We are here!

Norway Spruce
Picea abies

Human
Homo sapien

20,000,000,000 bp. 3,200,000,000 bp

3.2

Smallest known
animal genome The first synthetic

genome Smallest genome

Nemotode
Pratylenchus coffea

Synthetic bacteria
Mycoplasma mycoides
JCVI-syn1.0 .
Bacteria
9} ‘ Nasuia deltocephalinicola
20,000,000 bp 1,080,000 bp 112,000 bp
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World’s biggest genome?

Amoeba
Polychaos dubiu

670,000,000,000 bp 150,000,000,000 bp

( BiolMed Central

The Open Access Publisher

>1 year

1 million bases is 1 minute

Largest genome...or is it?

es can be large

The largest genome x5
ever sequenced The previous

record holder We are here!

Norway Spruce

Loblolly Pine
Picea abies

Pinus taeda
Human

Homo sapien

20,000,000,000 bp. 3,200,000,000 bp 20,000,000 bp

22,180,000,000 bp.

T )

2 weeks

1001 stopmapde &)

Smallest known
animal genome

9)

The first synthetic

genome Smallest genome

Synthetic bacteria
Mycoplasma mycoides
JCViI-syn1.0 .
4 Bacteria
Nasuia deltocephalinicola
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Reduced representation libraries/
Restriction site associated DNA (RAD)
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Reduced representation libraries (RAD)

Individual A

Add barcode

Digest DNA

Sequence pooled libraries

o
g
O

3Jjua)
A3Tsuaniq
>T33U89

S—
50
) ?Ilfl) " ustunz

e

Gf?.oo.o.ﬂ.ﬂ
1l




Digest DNA
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mbRAD, ddRAD, GBS, 2bRAD, ezRAD

~ Reduced representation libraries (RAD)
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Adaptor Barcode Restriction site Index Adaptor

2

* Digestion with one rare cutting enzyme
 Barcoded adapters ligated to fragments

* Ligated fragments are then sonicated

* Sijze selection is used to reduce sampled genome

Miller et al. 2007, Baird et al. 2008



+ ddRAD

Adaptor Barcode Restriction site Restriction site

/\c _

* Digestion with one rare and one common cutter
 Barcoded adapters ligated to fragments
* Sijze selection is used to reduce sampled genome

Index Adaptor

Peterson et al. 2012



-mbRAD versus ddRAD

mbRAD ddRAD
Costs higher lower

PCR duplicates  can be detected not possible

oy Allele dropouts reduced increased



many fragments do | get?

* Restriction enzyme
* X Genome size
* X Sequencing depth

Genome available:
In silco digest (simRAD)

de novo:

Predictions are possible based on the concentration but a test run is often
needed

19
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Primers sets and protocols for producing RAD and ddRAD libraries are available

200-500 ng high
quality DNA

£ ’ .

mTrTT 17T T TTTT TTT1
35 150 300 500 1000 10380[bp]

20
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tacks (Catchen et al. 2013)
Docent (Puritz et al. 2014)

vRAD (Eaton 2014)

aftrRAD ( Sovic et al. 2015) J l
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 Stacks (Catchen et al. 2013)

* dDocent (Puritz et al. 2014)

* Can handle Indels
» Simple customizable backbone for bioinformatics

* pyRAD (Eaton 2014)
e Can handle many RADseq types, focused on phylogentics

23
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HOME PIPELINE USER GUIDE GITHUB REPOSITORY LAB PROTOCOL ABOUT DDOCENT

SNP

Quality De Novo T Read
Filtering

Filtering Assembly ’ Mapping

Tutorials: https://github.com/jpuritz/dDocent

Puritz et al. 2014



Quality

Filtering

* Demuliplex reads — —
process_radtags (Stacks) — S

Barcode Restriction site

* Remove adaptors and low quality bases @

Trimmomatic/fastp Restriction site

Individual A
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De Novo

- De novo assembly v
Merge reads in case of overlaps
PEAR Locus 1
Remove all identical reads Locus 2
Pool all individuals together Cocus 3
customized scripts

Single-end:
Cluster the non-redundant sequences based on similarity
cd-hit-est

Paired-end:

Assembly the non-redundant sequences and than using paired-end
information

rainbow, cd-hit-est

27
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* Mapping reads against the reference catalogue
BWA

Locus 1 Locus 2 Locus 3

28



ATGCAT GCAT
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Individual A

Locus 1 Locus 2 Locus 3
AATGCAGGG | |AATGCTGGGA |AATGCTTGGGA
AATGCAGGG | |AATGCAGGGA | | AATGCTAGGGA
AATGCAGGG | AATGCTGGGA | AATGCTTGGGA
AATGCTGGGA | AATGCTGGGA | AATGCT GGGA
AATGCTGGGA | | AATGCTGGGA || AATGCT GGGA
AATGCTGGGA | | AATGCTGGGA | AATGCT GGGA

29




GCTGATGCATGCATGCATGCATG!
CATGCATGCATGCATGCAGTTGCATG
*TGCATGCATGCATGCATGCATGCATGC
GCATGCATGCATGCATGCATGCATGCA
CATGCATGCATGCATGCATGCATGCA
TGCATGCATGCATGGCATGC)
GCATGCATGCATGCATGC
CATGCATGCATGCATGCA
TGCATGCAC GCATE
T ATGCCATGCAATGCAT. ATGCATG .4
TGCATGCATGCATGCATGCATGCATE
GCATGCAGGTTGCATGCATGCATG
"GCATGCATGCATGC
ATGCATGC
FGCATGCA
FGCATGCAA
GCATGCATGCA
= GCATGCATGCATGCATGCA
WGTTGCATGCATE g
6c 3t

A\TAPATGCATERAATOCH
5Ct CATGCATGCA
ATT ATGCATAA?
e GCATGCAT™
5CH

T

Filter only for good SNPs
VICFtools, vcflib

Criteria:

Mapping quality
Coverage

Missing genotypes
Minor allele frequency
Balanced alleles

30
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What is it good for?

A3TISUBAT(Q

Fraction of genome

Whole genome

Sanger
sequencing re-sequencing
Phylogeny Population QTL Pedigree  Association  Population
— Structure Mapping Mapping Mapping Genomic Scans
= ®r0
- L 355
| | | |
Divergence limited Recombination limited Linkage Diseq. limited

31
Peterson et al. 2012



logeny of rosewood species from

100

100

SHO12
94
p
SH006

SHOS1
100 SHO1S
100
SH226

SH407
61
SH482
100

100
100

10925

100

HTTS
10382

Crameri S, unpublished
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Better resolution with ddRAD
compared to traditional barcoding

markers
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invasive species

.| %

No hybridization between invasive and
native groundsel species

-100
I

native species

PC 2 (6.3%)

-200
I

-300
l

! ! ! ! ! A inaequidens
-100 0 100 200 300 o erucifolius
X not identified
PC 1 (54.4%) yulgaris
Widmer and Zemp, unpublished + Jacobaea
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205

Zemp et al., unpublished

- A More

- recombination
events between A
and C than A and

B

Fior et al., unpublished

Ordering the fragments using recombination rates in the offspring
e Distribution of fragments across the genome
* Scaffolding and comparative analyses of draft genomes
Estimate recombination rate across the genome

35



GCATG

Looking for loci that are highly
correlated with a certain phenotype

GOC

»Correlatlons netween phenotype and
ger L, GWAS)
Plant height
AA AB BB ’d' !w )‘

I.IH | III\IIII\II HIIII IIHI\IIIH\ \I\III\I-II II:I IIIIHI III\III\ Il IIII\II\ II\I-I -I\H II\IIIII\
123 4 5 678 9 101112
Chromosome

Crameri, Nenadic and Zemp, unpublished
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PCA2 (27.42%)

0.3

0.2

0.1

0.0

-0.1

AD data from single individuals

42 Wall2

éﬂiz,vvauzz
- 33_wall7

1 mismatch in the barcode J—

A\ 1631123

Species A

X 1_PPEXKi

X 18_PPOXRR

SRl

Species B

Fischer MC, unpublished

ystuny

37

8J3ud)

A3TISUBAT(Q

S133U89



Cross-Contamination

Mapping statistics
Sample total_reads mapped_reads
Apenn256_9 140975 68327
EMPTY_1 80575 67996
EMPTY_4 190232 152370
CZ16866_1 1546578 1259269
D196_1 1470830 1343594
Apenn280_9 1489948 1386199

%mapped_reads

0.484675
0.843885
0.800969

0.814229
0.913494
0.930367

statsQ20_mapped_reads

49921
51022
113789

1002826
1006629
1006843

%statsQ20_mapped_reads

0.354112
0.633224
0.598159

0.648416
0.684395
0.675757

properly paired- %properly paired-

reads

35880
38779
82052

727511
736645
669529

reads

note
0.254513 Excluded
0.481278 Excluded
0.431326 Excluded

0.4704
0.500836
0.449364
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#Sample Total _Sites Het_Sites Het Sites %
Apenn275_6 17260 10521 0.60956
D233 3 16805 9542 0.567807
Apenn282 3 17337 11382 0.656515
Apenn284 5 17259 10154 0.588331
I . . . Apenn284 3 16870 8932 0.529461
POpU ation genetlc estimator Apenn277_3 16769 9235 0.550719
Apenn272_10 17165 8515 0.496068
D236 1 17168 5193 0.302481
D230_4 17052 4200 0.246305
Apenn261 5 17121 4741 0.276911
Apenn281_7 16882 4665 0.27633
D223 3 17136 4937 0.288107
Apenn279_6 17226 5451 0.31644

Apenn273_5 16967 4560 0.268757
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-0.2

-0.1

0.0 0.1 0.2 0.3

PCA1 (35.1%)

Biological replicates
Positive controls (e.g. estimate
Negative controls

enotyping error

ystuny
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nome scans
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I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0

Fst

complete differentiation

\ 4

no differentiation

Looking for loci with increased differentiation (F,;) between species

41
Zemp et al., unpublished



GOC
Can RAD be used to detect genes under

 selection?
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* Linkage decay (LD)
* Fragment density
* |sland size
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o CATG

- Potential challenges

ATGCAT:
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High stochasticity in read coverage
Consistent library preparation, appropriate filtering
Reconstruction of loci can be difficult because of short single-end reads
Long paired-end reads can improve the de novo assembly

Wrongly inferred SNPs due to PCR duplicates

Modifications of the protocol, few PCR cycles during library preparation

Many samples

Use replicates, negative and positive controls.
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Potential challenges

Allele dropouts

Biased population genetic estimators
Often not in generich regions

Possible signals could not be detected in genome scans or GWAS

Single loci

The reconstruction of single loci can be challenging even with a genome
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* Useful and inexpensive approach for a wide range of genomic
guestions

e There are limitations
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