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A brief introduction:
Physical mapping overview




Construction of chromosome-specific integrated maps

Chromosome or chromosome arm sorting
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Whole genome
v 21 chromosomes
v 17 000 Mb
v homoeologous loci

Sorted chromosome
v'1 chromosome (arm)
v'1000 Mb max.

v" no homoeologous loci

Construction of chromosome-specific integrated maps

BAC library construction

Ae0!DT8 CBROTTBME PP SN EMSIRBBLHAS Birm




Construction of chromosome-specific integrated maps

Physical contig assembly

60,000 - 80,900 BACgs petighromosome arm

Construction of chromosome-specific integrated maps

Physical contig anchoring

500 BAC contigs
et kL.
Sghwh
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Molecular markers




BAC fingerprinting

Different fingerprinting methods

> Coulson et al. (1986) b BAC clone
v Hindlll i pumcitu M {
v’ BEt staining and agarose gel o
v 30-40 bands per BAC

» Zhang et al. (1997)
v HindIll + Haelll
v’ BEt staining and agarose gel
v 45-50 bands per BAC

> Faller et al. (2000)
v Ean+ Tagl

v fluorescent labelling (ddATP, ddGTP, ddTTP) and
capillary sequencer

Separntion and detection on acrylamics ol (using an

v'100-110 bands per BAC At wicy )
» Luo et al. (2003)
v BamH\+ HindIIl + Xbal + Xhol + Haelll
v fluorescent labelling (ddNTPs) and capillary sequencer
v'120-150 bands per BAC
» KeyGene (2008)

L BAC clone

Digestion jwith kour rae cufiers,
and a requent cuther, i

HE W AR A HE A

| Proreacent besing iy

v' EcoRI+ Msel :lfﬂl::ll: SrcEDISSNMocSann
v lllumina sequencing ‘Separation and detecton on acylamide gel g 1 caclery-
BACTSb SEUENCEn

v 15-60 tags per BAC

d from Meyers et a/, Nature Rev Genet, 2004)




SNaPshot fingerprinting

BamHI EcoRI EcoRI Haelll Haelll
. | Y Y Y y
con 5. .GAATTC...3
3...CTTAAG...5
wa 5 T TAGA...3 ° ° ° -
3...AGATCT...5 ° pe ©
.. 5. ..GGATCC...3 e
3...CCTAGG...5 [a
wor 5--CTCGAG...3
3...GAGCT.C...5
ooy 5. GGCC...3 7}
3...CCGG...5 I ’ |} |
F ww‘wle‘w‘w”wH\H‘HH\H‘M‘HM \‘H‘ww
bl bl m fit m m m bl bl m I m bul an T

(adapted from Luo et a/, Genomics, 2003)

Whole-genome profiling (KeyGene)

| BAC library construction (125 to 175 kb inserts)
Il BAC clones are cleverly pooled
Wl Pooled BAC DNA is sequenced with lllumina GA Il

IV BAC specific sequence tags, spaced every
2-6 Kb are generated (knowledge of entire
BAC, not just end sequence)

V' BAC clones are ordered into contigs, using

sequence-based anchor points fw




Editing fingerprints

Cleaning fingerprints using FPB

Scalabrin et al. (2009) Automated FingerPrint Background removal: FPB. BMC Bioinformatics, 10:127

Each peak represents a fragment with a certain size and intensity and it
can derive from different sources:

v "true peak” derived from a DNA insert digested band; > BAC fingerprint

v low signal peak produced by the machine;

Background v partial digestion related peak;
removal v star activity by-product;
v E. coligenomic DNA band;

v vector band;

Pre-processing v out of size standard range band (with unreliable sizing);

v widearea peak (unreliable, resulting from co-migrating fragments).
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(adapted from Scalabrin et al., BMC Bioinformatics, 2009)




mination rem

v Well-to-well contamination in 384-well plate format
= Adjacent wells showing similar profiles

Splitting of 384-well plate into four 96-well
plate during DNA extraction process.

v Well-to-well contamination in 96-well plate format
= Non-adjacent wells showing similar profiles
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80-100% identity of fingerprints




‘One-to-two’ contamination

One well contains one clone B1 and the adjacent one
contains the same clone B1 and another one B2

TR R T e F R RN R R BRI F NN R R e TR RF R .

35-50% identity of fingerprints:
one of the well displays two merged fingerprints

Multiplication factor & color shift
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& Blue bands, from 50 to 500 bp
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gEE EcoRI
e Green bands, from 50'to 500 bp
@ Complete fingerprint
B ‘Black’ bands, from 0 to 60,000
1oo (with 4 gaps)
x Xbal
o Yellow bands, from 50 to 500 bp
b
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o Red bands, from 50 to 500 bp
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Contig assembly
1- Overview

Pairwise comparison and contig assembly

BAC1 BAC2
Comparison BAC1 vs BAC2
S 1 g . (fingerprints)
BAC3
Comparison BAC3 vs BAC1
$ BAC3 vs BAC2
BAC4
Contig1 Contig2

Comparison BAC4 vs BAC1

_———a e BAC4 vs BAC2

BAC4 vs BAC3

Contig1




Overlap calculation: the Sulston score

A B (o] A B C

FingerPrinted Contigs (FPC)

nl

L _parn k-
2LCH(1-p)mprem))
m=mM
Tolerance for two bands to be identical
Number of possible values for bands
Number of bands for two clones
Number of shared bands
250 | A

% overlap of clones B
C — o}

Sulston cutoff

Assembly of the physical map

Number of contigs

Initial assembly Automated assembly Manually-edited assembly
(incremental contig building) (merging, DQing...) (merging, splitting...)




Contig assembly
2- Initial assembly

Assembly of the physical map

Number of contigs

Initial assembly
(incremental contig building)

11



Sulston score overlap

Sulston cutoff

1e0

le-504

1e-75

le-100+

le-150+

le-200-

1le-250

______ e

Ry
-
—
.
.
------- 50 bands
—— 114 bands
— — 200 bands
' ' " 70-80% |
0 20 40 60 80

% overlap of clones

100
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Contig assembly
3- Automated assembly

Assembly of the physical map

Number of contigs

Initial assembly Automated assembly
(incremental contig building) (merging, DQing...)




Sulston cutoff

Sulston score overlap

1e0

1e-45

le-50

le-100+

le-150

1e-200

e 50 bands .
——114 bands AN
— — 200 bands

1le-250

50-60%

20 40 60 80 100
% overlap of clones

( sl assembly: cuoft.
Bl conis st con
e (95 10% Sep . oot 175y
e 16 e o 1079,
DQer (> 10%: Step: 3 cutof: 6-84)
ReBuld (10 eq ~ cuoff: 16.75)

utomated assembly phase step 1

ReBuid (1Q &g~ cutof:16:70)

}

( Automated assembly phase step 2
Sinletorend FromEnt 50.60 Macn 1ot 1065
En{0-end (FromEnd: 50-60; Match: 1; uto:1e-65)
ReBuid fQ eq ~ cutoff: 1055)
DQer (@ > 10%; Step:3; ol 10:65)
ReBuld (1Q q~;cuof 16.65)
DQer Q> 10%: Step:3: cutoff: 16-74)
ReBuild (1Q eq~;culoft-16.65)

'

P
( Automatedassamly phase step 3: cutot =150 N

ReBuld Q) eq ~; ot 16.60)

}

P
( Atomated assembly phasestep & ctof = 1055 N
e T 505 o 1055
e om0t 1ot 1059

ReB TG o0~ (o 1059
D (@ 105 Sep 3ol 10.59

DQer (> 10%: Step: 3 cutoft. 1e64)
ReBuld (1 eq ~; ot 16:55)

}

P
( Automated assembly phase step 5: cutoff = 16-50 N
gl ond o S0 ko 1030

B (16 ca w1650

}

( Jutomsted sssambly phasesup 8:ctet =145
Sigl--ond CromEns 000ttt
Endto- Ml 1ot pe
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Contig assembly
4- Establishing a Minimal Tiling Path (MTP)

Contig display
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Establishment of the Minimal Tiling Path

lllh Complete BAC library
||

e

"o

|||j||

15 X coverage
60,000 - 80,000 BAC clones
150-200 plates
150 BACs / Mb

Py

Minima 'overlap:
30 bands (35 kb)

MTP

1.3 X coverage I
5000 BAC clones
15 plates
10 BACs / Mb

g

Selecting an MTP
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Contig assembly

5- Manually-edited assembly

Assembly of the physical map

Number of contigs

Initial assembly
(incremental contig building) (merging, DQing...) (merging, splitting, killing...)

Automated assembly Manually-edited assembly

17



Manually-edited assembly

v Looking for small reliable overlaps 11235
(with or without marker data) = le-50
=]
2 1e-100
c
2 1e-150
n
v' Merging non-overlapping contigs @ 1e-200
based on marker data
1e-250
0

v Checking questionable contigs
(automatically or manually)

v Removing problematic clones

v Splitting chimeric contigs

v Killing small contigs
(less than 6 clones or 300 kb)

60 80 100
% overlap of clones

|HI||H|I|

’|I|"H|lln’,l|l'

Contig assembly
6-LTC

18



LTC program

Frenkel et al., (2010) LTC: a novel algorithm to improve the efficiency of contig assembly for
physical mapping in complex genomes. BMC Bioinformatics, 11, 584.

v’ LTC program starts clustering with a relatively relaxed cutoff and uses the topology of
significant clone overlapping to obtain longer contigs with realistic (linear) structure.

v In each cluster, clones are ordered based on a global optimization procedure and clones that
disturb the order stability (assessed by re-sampling analysis) are excluded from the contig.

v Ordered contigs are then merged upon a relaxed cutoff into longer contigs using for control of
the contig topology the network representation of the significant clone overlaps.

Pry=107" T T
Pri=10" T N Y

Pry=10" G N R

(adapted from Frenkelet al., BMC Bioinformatics, 2010)

“Linearization” by removing clones in cluster branching

(kindly of A. Korol)
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Examples of contig elongation

(Clones
from Database

(kindly of A. Korol)

Examples of de novo assembled contigs

(kindly of A. Korol)

20



Contig anchoring
1- Forward anchoring

Forward contig anchoring

Forward anchoring: from genetic maps to contigs
using genetically-mapped markers
(SSRs, ESTs, RFLPs, DArTs, SNPs...)

21



Resources for forward anchoring

60,000 - 80,000 BAC clones
150-200 384-well plates

Plate pools
150-200 wells
Y2 384-well plate

3-D MTP pools
55-65 wells
<96-well plate

Examples of methods for pool screening
- r—

Genetically mapped 9
markers (SSRs, ESTs,

SNPs, ISBPs...) PCR screening

3-D MTP pools Illumina SNP genotyping

3-D MTP pools

Hybridization
on microarrays,

22



in silico physical map anchoring through pool screening

PCR with markers on plate pools

93333333

Jole
ofe

Contig1

Contig3

Contig5

Contig7

I —_—

Positive plates

Physical contigs generated by FPC

Contig2

Contig4

Contigé

Contig8

elephant (%

V

Identification of BAC addresses

elephant: electronic physical map anchoring tool

v Using the FPC file, e/lephant partitions the contigs into short
segments, by splitting the contig at each branching point
(eg. a clone finishing or joining the assembly) and
establishes a list of clones for each segment.
Each segment contains a list of overlapping BAC clones that are
different from the contiguous ones.

v For each marker, elephant combines the results from pool
screening with the pool composition to establish a list of
candidate clones harbouring the markers.

v Then, elephant compares the two lists and scores each
segment using positive clones, missing clones and negative
clones. All segments with a score above a given threshold
are selected as candidates.

v The output text file reports the candidate contig(s) for each
marker.

Positive plates

Contig1

Contig3

__ Contigs

Contig?

Contig2

Contigd

Contigé

Contig8

23



3-D MTP pool screening

N
JiL
d I
s
Marker 1 Marker 2

1 plate, 1 row, 1 column 2 plates, 2 rows, 2 columns

1 combination 8 combinations

1.BAC address 8 BAC addresses

Search FPC for overlapping pairs <:D

The wheat 12x135 K NimbleGen array

€, UniGene Build #55
. ) 960,174 sequences
NCRBI 40,349 clusters

U

umm MDR-based repeat filtering

oo, @

™1 Nimhleﬂen‘ Probe design

(3 x 60-mer probes / unigene)
SYSTEMS, INC.

U

NimbleGen HD2 12 x 135K chip with 39,179 wheat unigenes

BEmmEE

24



Assigning UniGenes to deletion bins

AEmmEE

:
.
- i

-
R ,;E; T
-

98.6% of NSF mapped loci
on the NimbleGen chip

Genetic mapping through COS or SNP markers?

Chip-based anchoring

Ill... _
DNA > MWHHHH

e b
3-D MTP pools . . ||

nnmnm “""""ilr.;l
— | |

2836 unigenes mapped to chromosome 3B
Chromosome 1BL underway

Chromosomes 1AS and 1BS to come




Contig anchoring
2- Reverse anchoring

Reverse contig anchoring

Reverse anchoring: from contigs to genetic maps
using BAC or BAC-end sequence-derived markers

(SSRs, ISBPs, SNPs...)

N

26



Developing new markers from sequences

BAC-ends MTP BAC pools BACs

~ =

Sequencing

U

Sequence annotation & marker design

|
! l

Repetitive DNA Low copy DNA
v ISBPs v ESTs
v' MITE-derived... v" SSRs...

Examples of methods for genetic mapping
v Agarose gel electrophoresis
v Melting curve analysis

v Temperature gradient capillary electrophoresis

v Capillary electrophoresis

v Direct allelic sequencing

v Allele-specific PCR

v SNaPshot

v SNPlex

v lllumina

v KASPar

v Hybridization on microarray ...

27



Recombination-based mapping

b ddle ﬁl'_'l':
gt

New markers Individual scoring

2000 Chinese Spring x Renan F8 RILs

l

Genetic mapping of markers
& contigs

Recombination-based mapping

% Advantages: & Drawbacks:
v’ Relative order of markers v Dependent on recombination
v:Links to QTLs

v Polymorphic markers




Deletion bin mapping

BAKAGATODATT

I\I L [
New markers Individual scoring

-
Ditelosomic, nullitetrasomic and deletion lines

l

Deletion bin mapping of markers & contigs

(adapted from Dilbirligi et al., Genetics, 2004)

Deletion bin mapping

% Advantages: % Drawbacks:
v Independent on recombination v No relative order in bins

v No need for polymorphic markers v Large genomic segments

(adapted from Dilbirligi et al., Genetics, 2004)
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Radiation hybrid mapping

Normal Langdon Modified Lang
X-rays

(12 +3A” +3B”) (12" +3A” +3D”

don

)

Selectable marke

X 1111}

Radiation hybrid
(12’ +3A’” + 3B’ + 3D’)

Lethally irradiated

\V/

A

Selected against

(kindly of S. Kianian)

Radiation hybrid mapping

VY
New markers Individual scoring

I
NI

RH panel

|

RH mapping of markers & contigs

30



Radiation hybrid mapping

% Advantages: % Drawbacks:
v Independent on recombination v Few results on wheat
v No need for polymorphic markers v Tricky to develop RH panel

v Resolution compatible with marker
ordering (300 kb)

v No need for large population

Contig anchoring
3- Hybrid anchoring

31



Third approach for physical contig anchoring

Hybrid anchoring: from random sorted chromosome
shotgun sequences to genetic maps and contigs
using sequence-derived markers (ISBPs, SSRs, ESTs, SNPs...)

L ’Wl

; : “""""“f'l||||
\ Illuu.pm

Hybrid anchoring workflow

- ' - /“ Flow-sorted chromosome
B [ ]

I R\ j

r . l’TI &

L .*"“"‘". Is I-‘l | -

Next generation sequencing

e Roche rather than lllumina
E because of read length

v low coverage

Annotation and marker design
(SSRs, ESTs, ISBPs...)

! }

BAC screening Genetic mapping

v Plate pools

v' Recombination-based mapping
v' MTP pools

v Deletion mapping

(adapted from Janda et al., Genetics, 2006)
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The Physical MAP (Minimum Anchor Points) standard

AR (711

v Type of markers to be used (avoid RFLPs, DArTs...)
< SSRs
< ISBPs
« ESTs

= Complementarity of markers

v Number of markers per chromosome arm

< in contigs: 1000 (SSRs, ISBPs, and ESTs)
< in deletion bins: 500 (SSRs, ISBPs, and some ESTs)
< on genetic maps: 150 (SSRs, ISBPs, and some ESTs)

= 75-100% of contigs should be anchored in deletion bins

v Strategies

+ PCR screening for SSRs, ISBPs or ESTs: 300-500 each
« Microarray screening for ESTs: 500-1500
« Microarray screening for ISBPs (to be validated): 2000-5000

To be discussed...

The Physical MAP (Minimum Anchor Points) standard

v Types of markers to be used (avoid RFLPs, DArTs...)
< SSRs: for genetic mapping and contig / QTL links

<+ ISBPs: for genetic and deletion bin mapping

<+ ESTs: for comparative g ics including bet: 1 homoeologous chromosomes

= Complementarity of markers

v PCR-based strategy for ‘backbone’ anchoring L A
< SSRs: all publicly available markers 2 i
< ISBPs: ~500 from BES or sorted chromosome shotgun sequences
« ESTs: ~500 (from the 10,000 whole genome COS markers)

= 75% of the contigs mapped to deletion bins

v Additional high-throughput strategies for physical map saturation
< Microarray screening for ESTs: 500-1500
< Microarray screening for ISBPs (to be validated): 2000-5000

= 100% of the contigs mapped to deletion bins with several markers per contig

To be discussed...




A decision tree for marker development in wheat

l Genomel

| One éeno&ée I

l Several ;enotiées l
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A decision tree for marker development in wheat

|.Genome I

v [
I One genotype I I I
|
B 3
| Low copy | | Repeats I
|
]
[ssr| lest] |iser] |wrap| |remap| |reir| | ssap]

SSR and EST markers

» SSRs
v Two categories
< Genomic DNA > genomic SSRs (gSSRs)
“ ESTs & EST-SSRs
v Origin: Transcriptome, enriched libraries,; BES or whole genome shotgun

v Detection tools: SciRoKo, MISA, SSRFinder, SSRIT, TRF, TROLL, Sputnik,
SSRsearch, SSR Locator, SSRPrimer...

v Detection technique: capillary electrophoresis

» ESTs
v More than one million wheat ESTs in databases
v’ Chips (Affymetrix, Agilent, NimbleGen)
v Detection techniques: HRM, SSCP, SFP

v Conserved Ortholgous Set markers (presence of an intron to increase

the polymorphism level)

36



Repeat-based markers
S-SAP :| @ @ E o

I-RAP
e F—
=
REMAP
— ~ —
i s
RBIP nd e -
 —
— —
i Transposable elements DD Microsatellite B8 Adaptor
Other sequence |  Restriction site ==¥ = PCR primers

(repeat or low copy)

Sequence-Specific Amplified Polymorphism,
Inter-Retrotransposon Amplified Polymorphism
and Retrotransposon Microsatellite Amplified Polymorphism

I-RAP

i

iilm : m

B L EECT

"4

L E-L e emaa

L-REE -'....:_:_:!l!".l'
SWeEEEes g .ii
-4 Hy=eses

| s==2.&id
F Bls 8 SeWuines8cEcTats

{ 4 L 4 £ .
e R G PR i .
b T . (adapted from Kalendar et a/, Theor Appl Genet 1999)
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REMAP

i 3

Saimcasd inia i

Crmmw
| mErn
|

saeeed 1
(S PER b S H U H IR B -
(adapted from Queen et al., Mol Gen Genomics, 2004) ,‘ : : -
-

(adapted from Kalendar et a/, Theor Appl Genet 1999)




Retrotransposon-Based Insertional Polymorphism

and Tagged Microarray Markers

RBIP TAM
a
RiLine 1 2 3 4 67 8 9101113 14
537bpe=
a Occupled (42
C-EPCR s

O S
AE PCR
243bp = _ (e

Electrophoresis

Unoccuphed (318bp)

b
C-EPCR
Cc
A-E PR Microarray
Dot blot
(adapted from Flavellet a/, Plant J 1998) (adapted from Flavellet a/, Nucleic Acids Res 2003)

Insertion Site-Based Polymorphism markers

v based on polymorphism of TE insertion site

v/ PCR amplification of TE junctions using primers in TE and flanking DNA
v  genome-specific amplicon

v polymorphic between and within species

v  easy to derive from genomic sequences (BES, WGS, BAC...)




ISBP markers open new perspectives for genome saturation
in hexaploid wheat

o T AT G d T T

IsbpFinder

One TE junction every 3.8 kb on average

70% genome-specific markers

One ISBP every 5.4 kb

17-Gb genome

More than 3 million ISBPs in the whole hexaploid wheat genome

IsbpFinder
Sequences Repeat database
(mutifasta) - (mutifasta)
) J IsbpFinder
- Repeat
. annotation -
- T

r

“‘1 Junction d o

detection Ny

— _-"
i L
Primer design ™

o

Putative ISBP markers
(table and embil files)

-
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IsbpFinder command line

with
with

print this

IsbpFinder output table
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Visualization of IsbpFinder results under Artemis

Copia WIS Gypsy Sabrina Copia WIS
(1-4998) (1-8334) (4985-8754)
- =g

Gypsy Sabrina
Copia WIS

¥
I —

- - -
m O
21SBPs

BAC sequences
more than 10 kb

IsbpFinder

1 junction/ 3.8 kb

Genome
specificity

70-80%

BAC-end sequences
600 bp

IsbpFinder

9.72%

Genome
specificity

50-60%

Vv

ISBP design and genome-specificity

WGS (GSFLX sequences)
400 bp

IsbpFinder

6%

Genome
specificity

40-50%

Sequence length impacts ISBP detection due to the accuracy of sequence annotation
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garose gel electrophoresis

2
=
=
=]
Q
o

—— — —

3B-specific Bin assignment Polymorphic

Fluorescent capillary electrophoresis

TR

(8= % |
T T vem Tom b 10
Pt Seting Mcicoaisiie [ming “@ | e * HAREER E I
s Albe W s s -
e eghime Pad I
@ o s i @i A |A|A|AAA A A A A[A A A A LD o
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Large indels
LN B b8 B Ll L B B B RN LB BN a

)

o8
v mEmEE 3.
EMP OGB4 SRA SP NI PR LPFW SPU AN BB BF MR O MWL GQ
CRC] CHC] CNCRECRC ® 2!
Smaltindels
>
L BL B BB L BB B ) { ]
R T T i L T e

e | |

v Small (1 - 4 nucleotide) deletions

v Microsatellite motifs (1.6% of the ISBP markers contain SSRs)

v Small TE insertions (MITE...)
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Melting curve-based genotyping

Do nachmon Cun
Allele 2

i IR

Allele 1 f
N

[T

! Null allele

e

Melting curve analysis (MCA)
v Presence - absence polymorphism
v Size polymorphism

v Sequence polymorphism (several SNPs)

MNormaized Wel Curves

. _Allele2

Allele 1

il
[T —r—

High resolution melting (HRM)
v SNP genotyping
v SNP discovery

IMaGe: ISBP Microarray-based Genotyping

Cy3-labelled reference

Cy5-labelled sample

Presence - absence polymorphism
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The 1BL IMaGe experiment

Cy3-labelled CS genomic DNA

v 4549 1BL-specific ISBPs (26%)

mapped to one deletion bin

7 18P ISBR-grivep aikdr@sassigned to contigs

ith 4-5 r‘e)olicates .
8-11% polymorphic markers

(genetic mapping underway)

AmmmmE

Cy5-labelled samples L
v Nullisomic 1B, ditelosomic 1BS and 1BL
and deletion lines
v 3-D MTP pools

v Renan, Courtot, Synthetic and Opata
PCR validation on a subset of markers

A decision tree for marker development in wheat
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SNPs (derived from genes, non genic low copy sequences or ISBPs)
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A decision tree for marker development in wheat

v [
I I l Several genotypes I
I
. I
| Targeted I I Random I
l_I_J I T T I T 1

lP(:)RI l Hybrid'ization ] I ” I n ; ICR(')PSI lTransc;'iptome I | Whole-genome |
shotgun

l l

l SNPs (derived from genes, non genic low copy sequences or ISBPs) I

Reproducible sampling of the same fraction of the genome between different genotypes

A decision tree for marker development in wheat

' N S

I I l Several genotypes I

|
t S
Targeted I Randoml
| |
¥

I } . 7 T 7 _
I PCR I I Hybridization l I CRoPS I I Transcriptome I Whole-genome
J shotgun

I SNPs (derived from genes, non genic low copy sequences or ISBPs)

Prerequisite: contiguous or discrete target regions clearly identified
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Microdroplet PCR

Simplex or multiplex PCR

(RainDance Technologies)

PCR-based target enrichment

Microfluidic PCR

(Fluidigm Access Array system)

Sequencing

(Roche, lllumina, Applied...)

Solid phase

(NimbleGen, Agilent, Febit...)

Hybridization-based target enrichment

Liquid phase

GmouC sAPLE
(Sat ol chosemasces)

SureSelect
D00OC0000000C Target Enrichment System
Q0O000000000C

A l Capture Process

0000G 0000C e ant Ang
oxus 00’ + PSR + VM oank
20066 o000 UL Yy

GLNOMIC SAMPLE (PREPPED)

" SoreSebect
SereSelect HTH BUSHR OTIUATLE A gAY

—

Hybodization

0000 050G 00000 |/ smurumomcaensmanrcoues

90908 pooog d0008 + QARG
0000 P000

5 %0 Wﬂf?w@%fpip
o00p_ 00605

UNDOUND IRACTION  Wirsh Bras Boad captura
DisCARDED Dw:{:‘ﬁ‘m

(Agilent, NimbleGen, lllumina...)
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Sequence capture design

v'Contiguous regions with low coverage tiling (2X)

—l Target region

v'Contiguous regions with high coverage tiling (up tg

v'Discrete g

v'Discrete regiol &0‘ g€ tiling (up to 40X)

R

A decision tree for marker development in wheat

] [
| I | Several genotypes I
J
o !
I Targeted I | Random l
| |
v ) + + i

I PCR I I Hybridization l I l I.CR;PS I I Transc;'iptome I Whole-genome
[ l 1 shotgun

l l

l SNPs (derived from genes, non genic low copy sequences or ISBPs) I

Prerequisite: reproducible protocols to reduce complexity

and sample the same fraction of the genome between different genotypes
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Low path sequencing of the wheat genome

— Sequencing = | Sequencing +——

£ [ U Few runs of GSFLX % [
Genotype 1 Genotype 2

Genome fraction . /i iilh
(up to 1X) ‘f[?i)fl‘_ !
AP

Complexity reduction approaches

1z 3 4 5 & 7T

'
NAVENTY

. wir E

\ 4§ _ ED N

- . Sequencing
W

Maximize sequence overlap for SNP detection
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Complexity Reduction of Polymorphic Sequences (CRoPS)

AFLP fragmants sampss 1 AFLP fragmants sampie 2

Sequencing

(Roche, lllumina, Applied...) "@aﬁ

Sequencing SSAP markers

!.‘.‘!Ih iﬂ;

Genotype 1 Genotype 2 Genotype 3

Sequencing

——— O

Sequence comparison




Transcriptome sequencing

W e

Genotype 1 Genotype 2 Genotype 3 Genotype 4

I RNA extraction and sequencing ;

g

Sequence comparison

A decision tree for marker development in wheat

| Genome l

I
' e R T

I I l Several genotypes l

|
I
Targeted I Randoml

| |
v i i 1
I PCR I I Hybridization I I I | | lCRoPS I I Transcriptome I Whole-genome

I W e B B

i

l SNPs (derived from genes, non genic low copy sequences or ISBPs) I

Take advantage of the second- or third-generation sequencer capacities
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Deep coverage whole genome sequencing in wheat
| — Sequencing 3: Sequencing +—— B
e [ I | One or more runs of ] A i
Genotype 1 HiSeq2000 Genotype 2

Whole genome
(more than 5X)

(=3 (=3

I'.& I'.&

Deep coverage whole genome sequencing in wheat

Genotype 2 Genotype 3

Genotype 1 Genotype 1

ol P a:
Deep coverage sequencing

Long-read sequencing
(Roche GSFLX...) (Nlumina HllSeq2000...)

}

Reference sequences Short reads
(genes, ISBPs...) |
I—' Mapping of reads

SNP discovery
(AGSNP: You et al., BMC Genomics 2010)
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International wheat SNP initiatives

v Single Nucleotide Polymorphism (SNP) markers for high-throughput genotyping to advance
genomic, genetic and breeding research in wheat (Eduard Akhunov, USA)

v Australian SNP discovery and genotyping project (Matt Hayden, Australia)

v Haplotype Polymorphism in polyploid wheats and their Diploid Ancestors (Jan Dvorak, USA)
v Investigating gene function in cereals (Keith Edwards, UK)

v SNP discovery in complexity reduced libraries and amplicon pools (Matt Hayden, Australia)

v Population genomics and association mapping in Israeli populations of wild relatives of

wheat (Adina Breiman, Israel)
v'Whole genome sequencing of Australian wheat cultivars (Dave Edwards, Australia)

v SNP discovery in durum wheat (Luigi Cattivelli, Italy)

Several thousands of gene-derived SNPs will be available in the coming years

= Development of lllumina Infinium 9K and 50K chips

(http:// i [ h.ksu p_projects)

Mining the repetitive fraction

Genic fraction: 1-2% Repetitive fraction: 90%
Gene density: 1/104 kb ISBP density: 1/5-10 kb
SNP density in gene: one SNP / 250-500 bp SNP density in ISBP: 1/ 100 bp

ISBP-SNPs not as a surrogate but in complement to genic SNPs
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ISBP markers as a source of SNPs
g 157 ISBPs x 8 wheat lines

o O D I
105 polymorphic ISBPs

V401 SNPs
v19 IDPs

One SNP every 99 bp
(vs. 1 SNP every 250-500 bp in genes)
More than 6 million ISBP-derived SNPs in the whole hexaploid wheat genome

TE methylation and SNP frequency

v Transposable elements are methylated to prevent uncontrolled movement

v Methylation leads to an increase in mutation frequency at deaminated sites

NH; o

\ﬁh‘ Deamination | NH
o N ’J*o
H H

e
Vg
5-methylcytosine thymine

(CIT transition)

(adapted from Symer and Bender, 2001 )

I =

The SNP density is correlated with the GC content of the sequence

vznagdies 008 .
EaRT -

o S R
-

56 cowtni 4]
i

-

from Paux et al, Plant Biotech J 2010 )
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lllumina VeraCode genotyping

ISBP-derived SNPs

fraaTTAc) ATGGAATALAMGATTAGCCATE ATATOTTOTTOATACOTTCAT i
T TTTACEFGCATOG A TARAGATTAGCCATC ATATGTTGTTGATACGTTCAT i

62% scorable markers
v'Negative effect of interfering SNPs (43% scorable)
v'Positive effect of the TE junction (91% scorable)
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e ] e e
Ci =% A
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lllumina VeraCode genotyping

Genotype 1 Genotype 2
A ASQL o LSO ASQ2 . LSO
H i
€] i,
Query Query
SNP SNP
B ASO1 LSO ASO2 LSO
= =]
1C] 1#] 17 1#]
Query TE Query =
SNP Junction SNP Junction
C ASOL LSO ASO2 LSO
‘ A C ‘ ] T T I
A C T T
Interfering Query Interfering  Query
SNP SNP SNP SNP
D ASO1 LSO ASO2 LSO
H=fm—f e
Lo T [
Interfering Query TE Interfering Query TE
SNP SNP Junction SNP SNP Junction
I:> v No interfering SNP
v SNP close to the junction

Success rate

67%

91%

50%

40%

ISBP-SNP genotyping using KASPar probes

> First test

Genotype1
Primer_alleleX

[o]
[o]

Query
SNP

Primer_alleleX
—_—

Cr—
E

Query TE
SNP Junction

Primer_common
-—

Primer_common
-—

Genotype 2
Primer_alleleY

T
T

Query
SNP

Primer_common

Primer_alleleY Primer_commop

Junction,

Overall

14 SNPs that failed =& new design with
primers on both sides of the junction

Total

13

48

Successful Rate
11 31%
13 100%
22 50%
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ISBP-SNP genotyping using KASPar probes

. Total Successful Rate
> Second test
Primer_alleleX Primer_common Primer_alleleY Primer_common
ph— -—
H=q =0 14 13 03%
Cc T
Query TE Query TE
SNP Junction SNP Junction
= I:: > : £
: -
> Overall
Primer_alleleX Primer_common Primer_alleleY Primer_common
—_ — J— -—
—E —E 27 26 96%
Cc T
Query TE Query TE
SNP Junction SNP Junction

ISBP-SNP genotyping using KASPar probes

> Reproducibility: 100%
Ledmimoomenie s Do omes : :
v = o
. ‘-‘ _." L i )

» Consistency with sequencing data: 100%




Advantages and drawbacks of ISBP-SNPs

© Numerous

© Easy to detect (no confusion with homoeologous variations)

© Easy to score (pseudo-diploid clusters)

© Not linked to genes (but causal polymorphisms are not always in genes)

® Cannot be scored on lllumina Infinium

® Not transferable to other species

A decision tree for marker development in wheat
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SNPs (derived from genes, non genic low copy sequences or ISBPs)
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