Physical and Genetic Framework of
Chromosomes 3A, 1D, 4D, and 6D of Hexaploid Wheat
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Physical mapping is necessary for complete sequencing of
wheat genome primarily because of huge size, largely
repetitive DNA, complexity and polyploidy.

We are making fraction-I physical maps of chromosomes 1D,
4D, and 6D

Chromosome Size (Mb) % fraction of wheat

genome
1D 604 3.5
4D 643 3.8

6D 712 4.1




BAC Libraries
L " Size: fraction I (1D, 4D, 6D);

i ' fraction II (1A, 3A, 6A, 2D,
!
IR

3D, 5D, 7D); and fraction III
Chromatids ‘| w H

(2A, 4A, 5A, 7TA, 1B, 2B, 4B,
W‘U"M‘M W‘J | J I \", { 5B, 6B, 7B); in addition to an
AL individual chromosome 3B

Mean insert size

TaaCspl46eA | 26,112
85 Kb

TaaCsp146hA* [N 27,168
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BAC-DNA Isolation

Bacterial colonies

Resuspend

L

Lyse
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Heat*

1 Transfer
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Plasmid DA

) -

HICF

(a first step in developing a physical map)

SNaPShot BAC fingerprinting technique

Restriction Endonuclease Digestion

Restriction Restriction Fluorescent Restriction
Endonuclease Site ddNTP Dye Label Fragment Color
EcoRl GLAATTC A dREG Green
BamHI GLGATCC G dA110 Blue

Xbal TLCTAGA C dTAMRA™ Yellow
Xhol CLTCGAG T dROX” Red

Haelll GGdCC None

AB| PRrismM

SNaPshot (??:qg\
Multiplex Kit f

3" end

ddGTP
SNaPshot Ready
Reaction Mix ~ ddCTP l

labeling on restricted

fragments using SNaPshot chemistry

SNaPshot Reagent Restriction Fragment Labeling

Recessed strand

5' s 3
NNNNNNTCGGACCATGACTGATTGC | Label template
NNNNNNAGCCTGGTACTGACTAACGCCGGNN

Extend and

Terminate Upper Strand
ddUTP

NNNNNNTCGGACCATGACTGATTGCG
NNNNNNAGCCTGGTACTGACTAACGCCGGNN

Size exclusion and signal detection on CE
instrument like the 3730/3730x/



Data processing

i File Help
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E‘ Software for sizing: GenemMapper
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; Lz Llsar mamme: Adminiztrator
= GeneMapper v4.0.nk
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Analysis method: LIZA 200408,

DNA Analyzer
Fragment separation Fragment Sizing Batch processing

1= 1
Project:
Class: |Contigs| |Clones| |Markers|

Search: Name |

|Search Commands | |Clear| |Reset|

h '-Lj Open An Exisitng Project

KB Create A Hew Project

|E‘ile. .. | |Configure| |Clean Up|

|Save .fpc| |Load .fpc| |Update .cor|

1-':‘-'3 Batch-Create Hew Projects

|Main Analysig | |Ct g->Chr |

’J_Q Load Project From Other Project Data Directory

[Bss] [mTE] [Draft] @ Get Quick Start

Manual editing, filtering
and processing

Contig assembly



FPC Assembly

= 280,000 BAC clones fingerprinted

" High quality fingerprints from 200,069 clones used in FPC assembly

Features Statistics

Cutoffs le-45
Number of clones in contigs 170,368
Singletons 29,701
Total number of contigs (>200 kb) 5,152 (2,411)
Number of contigs >500Kb 1,068
Longest contig (# of clones) 4AMb (517)
400-599clones 4
200-399 clones 89
100-199 clones 350
50-99 clones 714
Average contigs size (Kb) 485
Assembly size (% coverage) 1567Mb (82%)




Selected M'TP for Coassembly with Aegzlops tauschii

A minimum tiling path with MinFPC overlap of 25 was used and 34,350 BACs were identified

Zoom Show buried clones Search CB Unit Range Contig stats
3.3 |Wh°'e| Yes @ No 0 to [2009 Clones: 208 (42 buried)
=
Ctg1155 of 146d_03 17 2011 Rasl
Sequenced: 23
Length: 2010 CB units
146DhB464023 146DhB411E13 146DhC873E01+ 146DhB437D09 146DhC871)16*
146DhC731F20 146DhC955117 146DhC741P20 146DhC757D01 146DhB375K16
146DhB468F01 146DhB489)12 146DhC851)21 146DhC634M04 146DeA035M18
146DhC825P12* 146DeA047]10 146DhB468L23* 146DhC642122 146DhC810B06
146DhB391M03 146DhB432)18* 146DhB316K02 146DhC831L04 146DhC834N13
146DhB421)13 146DeA028B08 146DhB387B20 146DhB268A16 146DeA00TBOT
146DhC622E18* 146DhC901G21* 146DhC758C09 146DhC732H22* 146DeA013B15
146DhC756105 146DhC914E12 146DhC767)06 146DhC770H02 146DhC663F12
146DeA009023 146DhC804B15* 146DhB377107 146DhB455F 14 146DhC917B05
146DhB236101 146DhC818105 146DhB396B08 146DhC702101 146DhC726L18
146DhC683119+ 146DhB513C03 146DhC875L01 146DhB532E13 146DhB536M20
146DhB551005* 146DhC943N16 146DhB553009* 146DhC954N15 146DhB534117%
146Dh(C814J05* 146DhB349015% 146DhB548D16 146DhC700N12 146DhB449113
146DhB268A13 146DhB414J05 146DhB289C14 146DhB405)08 146DhB5591L23
146DhB476A21 146DhC809F12 146DhC969N17 146DhC735C12 146DhB304C09*
146DeA026N16* 146DhB473A11 146DeA047B23 146DhC823N11+* 146DhB401C18
146DhB369P01+ 146DhC901G14 146DeAD56A23 146DhB415C09* 146DhB318N15
146DhB519A13 146DhB440F 05+ 146DhC874K16 146DhC701B04 146DhB449C10
146DhC814E18* 146DeA049A11 146DhB370D17 146DhC815H23 146DeAD29L07
146DhC649L03 146DhB376P12 146DhC765K10 146DhB421B22 146DeA016D10
146DhC867122 146DeA032123 146DhC852104 146DhB443L12 146DhB240B07
146DeA038P14 146DhC684C20 146DhB433G18 146DhC952D17 146DhBS05F07
146DhC892D22 146DhC618D03 146DhB302F04 146DhB379L05 146DhB248L12
146DhC863E13* 146DhB556G01* 146DhC779104* 146DhB354)18 146DhB461G05*
146DhC901B18 146DeA042)02 146DhC714F09 146DhB525P05 146DhC969L09
146DhC828M10 146DhC677G10 146DhB528004 146DhC959K20% 146DhB449K03*
146DhB283H12 146DhB234F15 146DhC883E11* 146DhC744E10 146DhB425]11* 146DeAO0OBMO4
.46DhC749020 146DhB503H18* 146DhC693M20 146DhB236A23 146DhB249K11 146DeAD32A074
16DhB250D19* 146DhB327E20 146DeA005HO7 146DhB545B22 146DhB525B06 146DhC836K04
46DhB331A16 146DhC705110 146DhC804110% 146DhB516A07* 146DhB401M18 146DhB502A12
5DeA066F07 146DhB335112 146DhB248D0% 146DhB353K13 146DhB311B15 146DhC852117
DeA065122 146DhC834C07* 146DhB315N02 146DhC738G10 146DhB262F18 146DhB516B14
MTP: 146DhC683119 29160 CB-merge MTP: expway end MTP: 146DhB516B14 29160
MTP: 146DhB318N15 54000

MTP: 146DhC952D17 32400
MTP: 146DhC744E10 29160
MTP: 146DhB353K13 41040

MTP: 146DeA047B23 36720
MTP: 146DhC779104 22680
MTP: 146DhB248D09 25920

MTP: 146DhB268A13 17280
CB-merge
MTP: 146DhC814E18 44280

MTP: 146DeA016D10 35640
MTP: 146DhB311B15 41040



BAC anchoring

Random BACs 3-D Pools MTP BACs 3-D Pools Selected MTP BACs 3-D

. POOIS.

Randomly selected 240 384 High confidence MTP Two border clones from
well plates to develop 3-D selected foe anchoring and  each contigs was selected
BAC pools for anchoring co-assembly with
Aegilops tauschii
5X
Total clones= 92,240 clones  Total clones= 34,350 clones Total clones= 7,064 clones
Plate Pools= 40 Plate Pools= 90 Plate Pools= 19
Row Pools= 48 Row Pools= 16 Row Pools= 16
Colum pools=43 Colum pools=24 Colum pools=24

\ / Barcoded BAC pools

10K Infinium assay and Sequenced on

HiSeq2000



BAC pool genotyping

10K Infinium was designed based on polymorphism between ALL8/78 and
AS75 by collaborating group at UC Davis was used for BAC pool genotyping

= SNPson 1D, 4D, 6D = 2,488

= In absence of target DNA 1n the pools there was random signal therefore, BAC
pools were contaminated with 300 ng of AS75 DNA .

contig21262_354 bed032714Cantig1ATwsnp 1

Intensity (B)

Intansity (B)
WaEanor

Positive Pools
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Deconvolution of BAC Pool Genotyping Data

Random BACs 3-D Pools

MTP_RP
— -

—

MTP_PP

MTP_CP

MTP BACs 3-D Pools

AT6D5706 |contig08978 497 RP_PP13 RP_RP26 RP_CP39 146DhB503J15 ctg585
AT6D5706 |contig08978 497 RP_PP02 RP_RP38 RP_CPO0O6 146DhC732F06 ctg585
AT6D5706 |contig08978 497 RP_PP10 RP_RP33 RP_CP21 146DhC740A21 ctg585
AT6D5706 |contig08978 497 |RP_PP16 RP_RP35 RP_CPO0O5 146DhC746C05 ctg585
AT6D5706 |contig08978 497 |RP_PP22 RP_RP47 RP_CP38 146DhC792014 ctg585
AT6D5706 |contig08978 497 MTP_PP82 MTP_RP14 MTP_CP11 146DhC866020 ctg585




Deconvolution

Random BAC Pool hit

MTP BAC Pool hit

CTG 5034

BE403818 BE403818ATwsnpl MTP_PP43 MTP_RP08 MTP_CP19 146DhB495N02 |ctg3671
BE403818 BE403818ATwsnpl MTP_PP43 MTP_RP08 MTP_CPO05 146DhB495L21 |ctg4764
BE403818 BE403818ATwsnpl MTP_PP81 MTP_RP02 MTP_CP13 146DhC860001 |ctg4784
BE403818 BE403818ATwsnpl MTP_PP81 MTP_RP0O8 MTP_CP13 146DhC861F24 |ctg5034
BE403818 BE403818ATwsnpl MTP_PP43 MTP_RP02 MTP_CPO05 146DhB495F04 |ctg5034

SNPs anchored = 1,981 using 1D, 4D, 6D BAC pools




BAC anchoring based on Coassembly

No. of contigs

3153
3578
26,525

Contigs

After assembly
After editing
CS BACs 1n contigs

1DAT1DO0225 54
1DAT1DO227_54
TDAT7D7020_148
2DAT2D1674_107
1DAT1ID0226_54
1DAT1D0229 54
1DAT1D0228_54

Total length (Mb)

4756
4793

1DAT1DO0183_54

1DAT1D0208_54

RIZ22NO06 RI514)J18 C5146DC823F0240HD370D22 HDO04M24 RI470007 TCM0O49G03RI316G13 HD331B18C5146DC672112 RI438G04+* TCN
HD430B08 HD439P11 MIZ235IFI613CMMI2Z70G17+* C53D010111 MI253013 HD328H17 HD2B82F1C5146DC960B15RISB1D15* RIS14N12 HD6(
HD304E14* HI306EQ7 HD385E16RI32Z1EHD243F18 (CS146DB376M0O91519A23 C5146DC852N02 MI267D08 RI336120 RI352H12 HD541119 HD:

HD258RIZ31L14HD547C09
C5146DC642H20111HD298D18*

C5146DA06BD19D573G15+*
RIZ48M14HDO55L11

HD282P16C5146DA049I123
MIZ230L20 TCMO1l2F21

RI481F07+ RI523P15%

RI2Z76H20 HD260G10 C5146DC664M11 HDE

C5146DB430P15 RI310NO04 RI306M12C5146DC635D19

HD276F14 CS146DB:

RI462)12 TCMO12F20 HICS5146DB405G08i5119 RI405E21 HI327102 HD338B17 HD612F16* RI411L16 CS5146DB377F24 MI229P20 TETO!
C5146DC884M12 RIS67103 TETO1BAEB5H2MHD336M23 HD439120 RI260F11 TETO06D04 C5146DB314B071221012* RI3B6F17 HD219H18 RI453
HD238L15* MI247P22 HDS7TRFIDGO8i1201A09+ HD265118 HI320P21 RIZ16N19* RI471B14* HDO55K0€CS146DA002P06 HD419D14 MI22811
HI261D0CS146DA016K11 RISZ36BIBASD07HD262C16* RI2Z40N15 HD355E19 RI554115 C5146DB47C5146DB482P1311287P06 RI227HD2 MI227LC
HI291C13 HD402DO05 RIZ30CRESSIIA929009 RIS95FC5146DB494G14 HI336)05 HD421HI1BI635E21 MI241B18 RI467)17* HD299E2!
RIS13F20* RI527H04 RI406H 16D 3MMIFEED16 HD337M1RBIS14E07 C5146DB326)02 HD576MBES81P12 RI516P21 HD395M13 MIZ75H1
HD344C(CS5146DB421A06 RIS06Q@5CS146DC962K20 HI2Z28PINETO28A14 TETO25H22 RI407C2HD062A24 HD378A15 HD220P03 RI352F0°
HD241L05 HD465K02 C5146DC8261097 7CHIPS8F03 C5146DB55912052D15 HI284F02 HDE19BH297)23 HD236D14 C5146DA027]04 MI252C2(
C5146DB273B08588E08 C57DL02 618 05SOHID998C08* RI441KCS146DB500)18 RI3Z72D13 HD447HHDA459D15+* RI332)18 MIZ282D13 (CS5146DB3461
CS146DB2581151368123 C5146DB540F0611DRKB38G12 C5146DA00EBM 17 4D05 HD405)06 HD3ZC5146DB314D0S MI2Z50F09 RIS49P11 RI323K16
C5146DA018C01241D08 HDO18105 HD4(C5146DC915102 HD245CICS1460B519D21 HI285D21 HDOO4H22RI321K10 HI2Z61M10 HD493F10 Cs146DB258I
HI226H19 HI224A05 HD209C16MI277PBT480A02* RI396F16 HD580N10 HD365C22 C5146DCC5146DB459H18 HD154H02 RI2Z01B15 RI294H03
MIZ74B01HD370H11+* MIZ72B19 HIZ51CP#10B16  HIZ33022 HD224D20 HD250F 14+ MIC5146DC649M16 HD151D06 HD452F17 HD12600%
RIZ20E20HD295K16 RIS69P12 RIZ16CHE®528002 RI486M21 HIZ20L17 Mi288D18 C5146DB302P1016 RIS60K17 C5146DB427E06C5146DC790C2
HI2Z41E08+ RI251L08 HI2Z14P08 HI311KERFS37K12 RIS68)06 RI377NZ23 HD5S55E16 RIAC5146DB444]19 RIZ41K17 HI340M20 HD4=C5146
RI282A14 RIG36DO1 RIZ61N11* HD4501F8615L18* HD131F19 RI423015 HD481M16 RI45002I265P02 TCM049020 RI216C24 RI422K18 F
RI396L20 RI300N0O9 HI2Z73N20* RI467RI3%6D22+ RIG33D19+* RIZ09F 04+ HD297C17 RI5S25NHOXE0B0O8 HI340H24 (CS146DB244D12 HDS506C20M
279003+ HD331M16 HD437D24 HDS534AIBA5M1CS146DB411P01 HD221005 HD268K02 RIS34BIER267N24 HD418L07 Cs5146DB392111 HD475N10112
320019+ C5146DC840K08 HD396H05 HD251E1353P04 HDS80F04 RI2991C5146DA032M21 RIZ01MI2007G16 TCMO24j08 HD580E17+ C5146DB578L16:
501)04+ HD514P06 RI2Z73L19+ HD39SEDOIMO12E19 RI451H14 C5146DB233D06MO045K14 HD545LAD596B13 HDOG60H13 RIS22120¢ RIS83006 RI:
IDC824H03 HD463N19 C5146DB255MN02 RI3Z54MB362K19 HD261j21 HD152P07 RI490L12 MIZ06IFE288K23 C5146DB541K05 HI233121* HI212C12 HD
6DB482MO7 HD248A07* HD481L17+* HD429BRE11C10HI3S6008 HD288005 RI471B0O6* HD4401R1451G22* HD210F20 RI477A05 HD494B09 HD2
DO95SMICS146DCT51G10 TCMO45NO5 C5146DA018)173A07HI278)23 RI348J09 HD232002 RI2Z29MAMXS6L01* HD367F23 HD420I110 RIS36H13 HD2
RIZ60BIB2(CS146DB429B14 HD209HCS146DC699F17 C5146DC644H22504]05* HD353)08 HD363)21 HD442N10CS146D

3D015POCS146DB235112CS146DB338)17




SNP markers anchored on BAC contigs

Number of markers
anchored

Total 2,392
Markers anchored based on 3-D 1,984
pools

Markers anchored based on 408
Coassembly with Ae tauschii

Chromosome 1D 869
Chromosome 4D 754
Chromosome 6D 685

Other chromosomes 49



FPC assembly statistics

Contigs No. of | Total | Average |<0.2 |0.2- . 1-2 2-5
contigs length Mb . Mb Mb
(kb)
393 113

Present 3749 1726 460 2146 604 490 2
assembly

Anchored 964 1047 1087 60 176 295 322 108 2
Unanchored = 2785 679 265 2086 428 195 71 5 0

1603 contigs with >0.2 Mb i1s size of 904 contigs have been anchored
making 60 % of the large contigs.

1603 contigs have a physical length of 1403 Mb of which 77 %
(1,087Mb) is anchored

Manual editing underway

Editing with support of co-assembly is underway



Sequencing MTP BACs for Anchoring

59 Barcoded libraries were prepared and 100 bp PE sequence was generated by running

three lanes of HiSe2000

This generated 18, 21, and 16 Gbp of sequence data from three lanes and a total of 75x

coverage.

Two border clones from each contigs was selected
7,064 BACs selected
Plate Pools= 19

Row Pools= 16
Colum pools=24

Individual pools based assemblies were developed and preliminary screened for

chromosome 1D 4D 6D sequences were done

Pool Description Assembled contigs Note
(contamination cleaned)

S95A RP11(row pool #11) 19,348 (19,215) Mixture of 456 (24x19) BACs
S95B RP9 (row pool #9) 20,144 (19,987) Mixture of 456 (24x19) BACs
S95C RP7 (row pool #7) 20,185 (19,790) Mixture of 456 (24x19) BACs
S95D CP23 (column pool #23) 18,609 (13,916) Mixture of 304 (16x19) BACs
S95E PP3 (plate pool #3) 18,458 (16,667) Mixture of 384 (24x16) BACs
S95F PP14 (plate pool #14) 17,195 (17,021) Mixture of 384 (24x16) BACs

Deconvolution and tracing of contigs individual BACs is underway
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Genetic mapping

A recombinant inbred line population of 311 F, individuals,
derived by crossing the bread wheat cultivar Prelude
(TA2988) with a synthetic wheat (TA8051), was used to
develop an integrated genetic map of the D genome of
bread wheat.

187 RILs were genotyped with IlluminalOK Infintum HD

array (8,609 SNPs) developed for Ae. tauschii physical
mapping project.

Same set of 187 RILs were sequenced (GBS) on 6 lanes of
[Numina HiSeq2000



Infinium SNP genotyping

10K Infintum genotyping data was analyzed

Data for 8,359 SNPs was obtain and 4,768 high quality
polymorphic SNPs were identified and used for development

of high density genetic map of D- genome wheat

BE404378ATwsnp3
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Genetic Map of Wheat D Genome

Chromosome No. of SNP markers Total distance

(10K Infinium) ((3\%))

1D 514 209.3

2D 889 288.5

3D 699 322.1

4D 610 200.6

5D 673 243.6

6D 507 202.4

7D 782 260.1
Total 4,674 1732.6




Wheat chromosome 1D

515 markers

A

BE443332ATwsnp 115¢cM A

AT1D0621

115cM A

A

A

BE443930ATwsnp 115¢cM A

AT1D0632

115¢cM A

116 cM A

AT1D0644

A

116cM A

AT1D0656

117cM A

AT1D0659

117cM A

AT1D0661

A

119¢cM A

AT1D0667

119cM A

AT1D0669

A
A

119cM A

AT1D0674

F5XZDLF02GD9G 119cM A

AT1D0676

120cM A

A

120cM A

AT1D0683

120cM A

AT1D0686

A
A

120cM A

ATI1D0675

120cM A

AT1D0685

120cM A

AT1D0693

A
A

121cM A

AT1D0694

121cM A

AT1D0695

121cM A

AT1D0711

A
A
A
A
A
A
A

122¢cM A

AT1D0714

123¢cM A

AT1D0721

123cM A

AT1D0723

123¢cM A

AT1D0724

124 cM A

AT1D0736

124cM A

AT1D0741

124cM A

AT1D0743

124 cM A

AT1D0744

A
A
A
A
A
A
A

124cM A

AT1D0746

124cM A

AT1D0748

BF484656ATwsnp. 124 cM A

AT1D0732

124cM A

124 cM A

AT1DO0737

125cM A

AT1D0749

125¢cM A

AT1D0750

125¢cM A

AT1D0752

A
A

125¢cM A

AT1D0756

125¢cM A

AT1D0760

126 cM A

AT1D0766

A
A
A
A

127cM A

AT1D0772

127cM A

AT1D0773

127cM A

AT1D0776

127cM A

AT1DO777

128cM A

AT1D0778

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

128¢cM A

AT1D0782

128¢cM A

AT1D0786

128¢cM A

GCEBAKX02I2H6t
AT1D0792

130cM A

138lcM A

AT1D0797

132cM A

AT1D0805

132¢cM A

AT1D0808

13BcM A

AT1D0817

133¢cM A

AT1D0819

BE443588ATwsnp 133 cM A
GBF1XIDO1BA2Y!

AT1D0823

A

1383cM A

134cM A

134cM A

AT1D0829

136cM A

AT1D0832

136cM A

AT1D0835

137cM A

AT1D0840

138cM A

AT1D0843

148cM A

AT1D0934



Wheat chromosome 6D

507 markers

B

OcM B
28cM B

AT6D6024

AT6D6015

7cM B
73cM B

AT6D6008

AT6D6005

81cM B

AT6D6006

CD454441ATwsnp 8.1 ¢cM B

AT6D6003

89cM B

92cM B
18cM B

AT6D6004

AT6D6001

125¢M B

AT6D6000

129¢cM B

AT6D5994

132cM B

AT6D5995

14cM B
168cM B

AT6D5996

AT6D5991

172cM B

AT6D5990

17.2cM B

AT6D5992

18cM B
209cM B

AT6D5993

AT6D5985

214cM B

AT6D5986

214cM B

AT6D5987

214cM B

AT6D5989

A
A
A
A

2cM B
225cM B

AT6D5982

AT6D5981

242cM B

AT6D5976

25¢cM B
264cM B

AT6D5972

AT6D5969

27cM B

AT6D5960

27cM B

AT6D5961

27cM B

AT6D5962

27cM B

AT6D5964

27cM B
2718cM B

AT6D5966

A

AT6D5956

281cM B

AT6D5953

292cM B

AT6D5955

312cM B

AT6D5948

A

312cM B

AT6D5950

312cM B

AT6D5951

314cM B

AT6D5944

3l4cM B

AT6D5946

328cM B

AT6D5940

342cM B

AT6D5936

A

353cM B

AT6D5933

be517715Contigl/ 353 cM B

AT6D5924

364cM B

375¢cM B

AT6D5930

375c¢cM B

AT6D5931

BE637911ATwsnp 37.5¢cM B

AT6D5934

392cM B

GB5Y7FA02HB63t 39.2¢cM B

AT6D5917

438cM B

43cM B

AT6D5912

43cM B

AT6D5913

43cM B

AT6D5915

A

49cM B

AT6D5911

452cM B

AT6D5908

A

CD490964ATwsnp 452 cM B

AT6D5914

477c¢cM B

486cM B

AT6D5906

502cM B

AT6D5903

50.5cM B

AT6D5899

505cM B

AT6D5900

bq171182Contigl/ 52.5cM B

AT6D5897

543cM B

A

57.7cM B

AT6D5895



Genotyping By Sequencing

1. Plate DNA &

adapter pair

Clean-up

2. Digest DNA with RE
3. Ligate adapters
4. Pool 96 DNA ahq uots !uminaSeq.F Primer Barcode

——

N

Primers

ﬁ
5. PCR

T
Pstl cut-site

Plant ID Barcode Population
11-1-1 TGACGCCA PreludeTA2988SyntheticTA8051F5P01
11-1-71 CAGATA PreludeTA2988SyntheticTA8051F5P01
11-1-92 GAAGTG PreludeTA2988SyntheticTA8051F5P01
11-1-144 TAGCGGAT PreludeTA2988SyntheticTA8051F5P01
11-1-177 TATTCGCAT PreludeTA2988SyntheticTA8051F5P01
11-1-216 ATAGAT PreludeTA2988SyntheticTA8051F5P01
11-1-256 CCGAACA PreludeTA2988SyntheticTA8051F5P01
11-1-281 GGAAGACAT PreludeTA2988SyntheticTA8051F5P01
11-1-6 GGCTTA PreludeTA2988SyntheticTA8051F5P01
11-1-74 AACGCACATT PreludeTA2988SyntheticTA8051F5P01

¥ ‘IIJ ¥ !F-_'_'I ;-I .4 . -'r P
6. Evaluate
fragment sizes

lllumina Seq. Rev
Primer

f Unpaired
I tail

T

Mspl cut-site

6 lane HiSeq 2000

60 Gb of sequence data from
187 RILs and 2 parents

Adapted from Elshire et al 2011



Genetic map of D genome of wheat

More than 30,000 SNPs identified
7,743 SNPs with less that 30% missing data

More than 19,000 mapped to seven D genome chromosomes

No. of SNP No. of SNP i
Chromosome markers markers Wil clliines

(Infinium) (GBS) (cM)

1D 514 2,104 205
2D 889 2,103 288.5
3D 699 3,781 322.1
4D 610 2,205 200.6
5D 673 3,460 243.6
6D 507 2,768 202.4
7D 782 3,149 2606.1
Total 4,674 19,570 1732.6




Infinium and GBS based SNP Map

Chromosome 6D

1029 Markers

72B B B B B ABAADBUBUBIBIBBABU BAAAABABAABAABIGBA ABIGBUBIBABI BIBADBIUBABIGBIBABA ABABAAAABA ABTGBABAAAAAAIBTUBB

AT6D5328

B BABAAAAAABTUBEB
B B A B

A BB ABUBUBIBABIUBUBABIUBABIUBI BABABABAAAAHB

A BB ABUBUBUBAUBEB
A BB ABUBUBBAGB
A BB ABUBBBAZB

A B ABAAIB -
A BB ABUBUBB A
A B

A

72B B B B B ABAADBUBUBIUBUBBAUBUBAA

02|~

AT6D5330

A AAAB BB

A B ABABAAAATB -

A BB ABB -
A B B

A B A AB

B A A
B BAAAABASEB

B BBABAA- BBUBUBBA -

Wxs_snp2148
Wxs_snp2899
Wxs_snp4106
Wxs_snp5261
Wxs_snp6140
wxs_snp6744
Wxs_snp5424

Wxs_snp4490

AT6D5335

A A AB BB
A A AAB BB

B B B ABA

A B -

B BB ABAAGBUBIUBIUBUBB -

{012|-

A

B B A
B

B B ABAB

- B B A

B

A B AB- AB -

A B AB

B ABAABIUBUBIBIBUBABUBAA -

702B B B
70.2 -

A AAB

A B A

A B

A A

A B -

B B BBBBABBAA - =

B B B B AB A

A A AB BB

B A B

B

A B B

A B ABAAZB

B A A
A B A

B B A

A B A A BB B

B B BB AB
B B B

70.2 -

A A AB BB

A B

A A

B
B
B

B
B
B

A B BBBUBBAZBUBAA - A B A B B A BB A B B A

70.2 -

BABA- AAA

A BB ABUBUBB A -

- B AA- ABABA|- B -
B A A A B A

B B A

706 -

A A B B B

B B A B

A AAAB

B B A

B

B B ABBABUBBB A

BABABAAGBUBIBIUBUBIB A -

74y
713B B B ABABAABUBOBUBUBIBAAGBAAAABABAASHB

719B B B A B AAAABBUBUBUBBAAZBAA

B B ABAAAABABTUBEB
B B ABAAAABABTGBB

A BB ABBUBUBABU BIBABT BABUBIBABA ABABAAAAHB
A BB ABBUBUBADBU BIBABTUBABUBIBABABABAAAAHB

A B ABAAZB

AT6D5339

A BB ABBUBIBABU BIBABIUBABUBIBABABABAAAABABU BABAAAABABTGBB

719B B B A B AAAABBUBUBUBBAABAAAABABAASHB

AT6D5348

79B B B A B AAAABBOBUBUBBAABAAAABABAABAABT BA ABIUBIBT BABUBIBADBU BAGBIBIBABA ABABA AAAABA ASBUBABAAAABAZBTBB

719B B B A B AAAABBUBUBUBBAAZBAA

AT6D5343

B B ABAAAABABTGBB
B B ABAAAABABTGBEB
B B ABAAAABABTUBEB

B B ABA
B B A

A BB ABBUBIBADBU BIBABT BABUBIBABA ABABAAAAHB
A BB ABBUBUBABU BIBABT BABUBIBABA ABABAAAAHB
A BB ABBUBUBABU BIBABT BABUBIBABA ABABAAAAHB

A B ABAAZB -
A BB ABBUBUBATEB
A B B AB

A B ABAAB

AT6D5345

719B B B A B AAAABUBUBUBUBBAAZBAA

AT6D5337

719B B B A B AAAABUBUBUBUBBAABAAAABABAASHB

719B B B A B AAAADBUBUBUBIUBBAAHB

719 -

AT6D5344

- AB ABBB
A A B ABUBEB

- AAAAB -

B B ABABA
B B ABAEB

- (BB A -

B

A B ABAASTB
A B ABAASB

A -

Wxs_snp0676
wxs_snp0709
WxS_snp2065
wis_snp3331
wWis_snp3720
Wis_snp5022
Wis_snp6203
wis_snp1233

AT6D5349

A

A A AB
A AAAB

B

- BB ABBUBABUBA -

A AAABBUBUBUBBAABAA- g

B B A

- AB ABBB
A A B A B

B B ABA -

B

A BB ABBUBUBABUBUBAIBB -

ANBR -
A B ABAA A B
A B A

A B

B B A

B ABAAAABIUBIB -

B B A

719 -

A B

A A AB
B AAAAB

A BBABUBUBABABA -

- AB B BB A 2

B B BBAABAA -

A AAA -

719 -

A B A B BB

B B ABAEB
B B ABAB

B

A B AABBAGBUBIBIBAIB -

- [Aa
B A A

B B ABAAAABIUBIUBUBIBIBA -

719 -

A B A B BB

B B B B A B B A B B e
A BB ABB

A BB A BB B

B B B B B B A

B AAAABUBBB

A B AB BB

A

B

BAABAAAABABAAZB -

B -

723 B

B BABABA-AAAABS - BBAB

B - B B A -

A B

A B ABAASB
A B ABAASB
A B ABAASTB
A B ABAASHB
A B A

B AAAABA

B A A

B

727B B B A B AAAADBUBUBUBIUBIBAABAA

- ABB ABBUBBABUBIBABUBABI BI BABABA ABAAAABTUBUBIBABA AAAABA AZBUBB
A BB ABUBUBUBABU BIBABTUBABUBIBABABABAAAAHB
A BB A B BB

73B B B ABAAAABUBIUBI BUBUBAABAA

739B B B A B AAAABUBUBUBIUBI BAAZBAA

B B ABAAAABABTUBB

B B A B A
B B A

AT6D5350

A B AB BB

B BB ABATB B AAAAEB

A B B B A B B

739B B B ABAAAABUBUBIBIUBIBAABAA -

Wxs_snp0731
Wxs_snp3751
Wxs_snp6151
Wxs_snp2541
WKS_Snp7675
Wxs_snp6733
wxs_snp3673

AT6D5357

B A B B B

- BBA- BBABABA-AAAAST B
A A A

B B ABUBUBBATB

B B A B

739B B B ABAAAABUBUBUBUBIBAABAA

A B

B A B

B AB ABA
B B ABUBUBABAIBA
B B A
B A B B

B

B

A -

B

A A A A

A

B

T4.7 -

B BABA- AABABUBEB

A AAAB

B -

B B ABUBUBBAGB
A BB ABUBUBB A
A BB ABUBUBB A

B ABAAAABUBIUBIUBUBIBA - A B ABAAB

75:2|-

- B AB B

B

B

B -

A B

A A AAABB- BBBA

BABAAAABU BB

75:2|-

B A B B B
B A B B B

B B A B

A AAAB

A A

A B AB -

B A A

75.6 B

- BB ABA

A B

B BABUBUBABASBA -

A BB ABUBUBBAB -

A B ABAAB
A B ABAAB
A B ABAAZB

- A A -

- B AB B B B B A A

7%B B B A B A
4B B B A B AABADBUBBUBUBBUBABAA

74B B B A B AABABUBUBUBUBBB

B BABAAAABAGBU BB

A BB ABUBUBIBABIUBUBADBIUBADBIUBI BABABABAAAAHB

A BB ABZBUBBAZB

A AB A B B B

B BAAAAAABABU BEB

B A B A A A B

B

B A A

wxs_snp3691
AT6D5371

7B B B ABAABABBUBUBBUBUBABAABABAGBAABAABS BABU BIBUBABIUBI BABU BAGBU BIBADBAGBA ABAAAATB

76B B B A B AABABUBOBIBUBIBBABAAAABABAASHB

A BB ABUBUBUBABIUBUBABIUBABIUBIBABABABAAAABABIGBAAAAAABAGBUBB

AT6D5363

74B B B A B AABABBOBUBUBIBBABAADBABABAABAABT B A ABIUBIBT BA ABIUBIBADBU BAGBIBIBABA ABABA AAAABU BUBIBAAAAAABASBIBSB

AT6D5369

74B B B A B AABADBBOBUBUBDBBABAABABABAABAABT BA ABIUBIBT BA ABIUBIBADBU BAGBIBIBABA ABABA AAAABZ BU BIBAAAAAABAZBIGBSB

74B B B A B AABABBUBUBUBUBBABAA

AT6D5368

B B AAAAAABABU BEB
B B AAAAAABAZBU BEB

A BB ABUBUBIBABIUBUBABIUBABIUBI BABABABAAAAHB
A BB ABUBUBIBABIUBUBABIUBABIUBI BABABABAAAAHB

A B ABAAZB
A B ABAAZB
A B ABAATEB

AT6D5364

74B B B A B AABABBUBUBUBBBABAA

784B B B A

AT6D5366

A ABABBUBUBUBBBAZBAA

A ABABBUBUBIUBBBASB

wxs_snp0444
wxs_snp0526
Wxs_snp2563
Wxs_snp2840
wxs_snp3239

AT6D5362

- AAB ABUBEB

B B AAA
B B AAA

B

A B ABABAABAABUBABIUBI B BABIUBIUBABUBABU BU BABABABAAAATB -

784B B B A

784 -

A B A B B B
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A A B
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B A B B A
B A B B A

A B AABBABUBUBUBATB

- BB B- BAABABAZB -

B B ABAABA AZBUBEB

B
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B

B A B -

B AABAABUBABB -

BAABABT B BIBIBUBUBABAABAZB -

B

78.4 -

- BABA- AAAARHB

B

- A B B -

BABAABABUBOBUBUBI BBABAABA ABABAAGBAABU BAGBUBIBIBAB

Wz =

796B B B ABAABABUBOBUBUBDBBABAAAAGBABAABAABT BA ABIUBIBI BABUBIBADBUBAGBIUBIBABA ABABA AAAABA ASBUBAAAAAABAZBUBEB

79.6 -

A A B A B

A A

A B BABUBBAUBAIBA

A B B A
B A

A BB A BB

A A B -
A

B ABAA- ABA -

B ABAADBABUBUBTGBB
B ABAABA

B

WxS_Snp5546
WxS_sSnp5552
WKs_snp6889

AT6D5359

B A B A A

B

- BAABB A

A B AABABA -

B

79.6 B
79.6 B

B AB ABA A A AB B B AAA A A B A

B A B

A A BB AB

A A

A A B A B

A

A BB ABBUBIBABU BIBABIUBABUBIBABABABAAAABTGBIUBI BAAAAAABABTGBB

804B B B A B AABADBUBUBUBUBIBBABAAAAGBABAATB

816B B B A

- B B A

A AAAB

B B A B

B A B B -

A B ABBBABUBUBUB A &

B AAB-BAB -

B B -

- AABABUBUBB -

WXS_Snp68aL
AT6D5401

B B AAAAAABABTGBEB

832B B B A B AABADBUBUBUBUBI BBABAABAGBABAAGBAABT B A AGBIUBIUBI BAGBIUBIBABUBAGBIBI BABABAAAAAATB

838B B B A B AABADBUBUBUBUBIBBABAABAGBABAABAABT B A AGBUBIBI BABUBIBADBU BAGBIUBIBABABAAAAAABZ BUBIBAAAAAABASBUBB

838B B B A B AABADBUBUBUBIB BBABAABAGBABAAGBAABT B A AGBIUBIUBI BAGBIUBIBABUBAGBIBI BABABAAAAAATB

AT6D5392

B B AAAAAABABTUBB

AT6D5394

838B B B A B AABADBUBUBUBUBIBBABAABABABAABAABT B A AGBUBIBI BABUBIBADBU BAGBIBIBABABAAAAAABT BU BIBAAAAAABASBZBB

AT6D5391

8%2B B B A B AABADBUBUBUBUBIBBABAABAGBABAABAABT B A AGBUBIBI BABUBIBADBU BAGBIUBIBABABAAAAAABASBIUBAAAAAABABZBB

AT6D5393

82B B B A B A ABADBUBUBIBUBIBIBABAABABABAABAABIGBA ABIGBUBIBABIBIBA ABIUBA ABIGBIBABA ABAAAAAABA ABUGBAAAAAAGBABTUGBB

contig33076_213

AT6D5396

82B B B A B A ABADBUBUBIBUBIBIBABAABABABAABAABIGBA ABIUBUBIBABIBIBA ADBIGBA AIBUBUBABABAAAAAABA ABUGBAAAAAAGBABTUGBB



AT1D0008
AT1D0004
AT1D0009
AT1D0001
AT1D0002
AT1D0003
AT1DO0005
AT1D0006
AT1DO0007

AT1D0020
GDEEGVYO:

AT1D0025
AT1D0026
AT1D0031
AT1D0034

AT1D0041
AT1D0044
AT1D0048
AT1D0052
AT1D0053
AT1D0061
AT1D0057
AT1D0062
AT1D0066
AT1D0071
contig69241
AT1D0082
AT1D0077
AT1D0076

AT1D0084
AT1D0086

AT1DO0090
AT1D0095
GB5Y7FA02
AT1D0098
AT1D0102
AT1D0105
AT1D0116
AT1D0123
AT1D0122

1D

0cM
0.8 cM
0.8 cM
1.1 cM
1.1 cM
1.1 cM
1.1 cM
1.1 cM
1.1 cM
4.7 cM
4.7 cM
4.7 cM
5.4 cM
5.8 cM
6.3 cM
6.3 cM
10.4 cM
12.9 cM
16.7 cM
17.2 cM
19.6 cM
24.8 cM
30.8 cM
32.3 cM
329 cM
35 cM
35.6 cM
37.5 cM
38.1 cM
42.2 cM
44.9 cM
46.4 cM
47.7 cM
49.8 cM
50.6 cM
50.6 cM
51.4 cM
51.4 cM
51.7 cM
51.7 cM
52.3 cM
53.7 cM
53.9 cM
54.2 cM
54.7 cM
55.3 cM
57 cM
59.7 cM
60 cM
67.4 cM
68.2 cM
68.2 cM

ctg3191
ctg3191
ctg3191
ctg3191
ctg3191
ctg3191
ctg3191
ctg3191

cﬁ3191

ctg3703

ctg4
ctg4
ctg50

ctg14106
ctg14106
ctg3279
ctg1544

ctgl704
ctg1589
ctg241

ctg1699
ctg1699
ctg14071

ctg14135
ctg14135

ctg13569
ctg1403

ctg309

ctg13988
ctg159
ctg1695
ctg1695

Integrated Genetic and Physical Map

Number of | Number of
markers marker on

physical | Genetic map
map

Total 2,392 4,674
Chromosome 1D 869 514
Chromosome 4D 754 610
Chromosome 6D 685 507

61 % of FPC assembly anchored

AT6D5445
AT6D5446
AT6D5447
AT6D5442
AT6D5441
AT6D5439

bg262421Cc
AT6D5429

AT6D5431

AT6D5424
AT6D5426

bg495635Cc
AT6D5411
AT6D5412
ca643341Cc
AT6D5432
AT6D5433

AT6D5419
AT6D5420
AT6D5422

AT6D5404
AT6D5792
contig30284.
AT6D5362
AT6D5371
AT6D5380
AT6D5387
be424523Cc
AT6D5396
AT6D5393
contig33076,
AT6D5401
GABKES402
AT6D5395
AT6D5402
AT6D5403
AT6D5391
AT6D5392
AT6D5394
AT6D5372
AT6D5374
AT6D5376

6D

144.5 cM
144.5 cM
144.5 cM
145.5 cM
146.4 cM
147.5 cM
148.9 cM
149.2 cM
149.2 cM
149.7 cM
149.7 cM

150 cM

150 cM
150.6 cM
150.6 cM
150.6 cM
150.8 cM
150.8 cM
150.8 cM
154.7 cM
154.7 cM
155.3 cM
155.3 cM
155.3 cM
155.8 cM
156.1 cM
156.1 cM
156.1 cM
156.3 cM
156.6 cM
158.3 cM
158.6 cM
159.4 cM
161.7 cM

162 cM
162.8 cM
162.8 cM
162.8 cM
163.1 cM
163.1 cM
163.1 cM
163.9 cM
166.3 cM

167 cM

167 cM

167 cM
168.1 cM
168.1 cM
168.1 cM
168.4 cM
168.4 cM
168.4 cM

ctg14081
ctg14081
ctg14081
ctg14081
ctg332

ctg14150

ctg1658
ctg380
ctg380

ctg462
ctgld

ctg1658
ctg1658

ctgl77
ctgl77
ctg72

ctg405
ctg123

ctg2106
ctg826
ctg14043
ctg295

ctg696
ctg1669

ctg1669

ctg300
ctg3293
ctg728
ctg1669
ctg183
ctg474

ctg14043
ctg14043



Deconvolute pooled BAC sequence contigs to individual BACs
Finalize the integrated GBS and 10K Infintum map
Integration of CS data with Ae. fauschii data

Final integration of the Physical and Genetic map



Genomic resources

** Chromosome 3A: ~827 Mb
& 3AS: ~355 Mb,
¢ 3AL: ~472 Mb

TaaCsp3AShA 55,296 80 kb 11.2 x
TaaCsp3AShB 3AS 55,296 115 kb 16.1 x

3AS 110,592 27.7x
TaaCsp3ALhA 3AL 55,296 106 kb 11.4 x
TaaCsp3ALhB 3AL 24,576 114 kb 5.4 x

3AL 79,872 16.8x



Chromosome 3A FPC assembly

55,296 (11.2x) 35,124 11,939 1,677 (199) 2.7 kb (417) 327Mb (91 %)
(Phase-I) le-15
3AS 65,677 (20.2x) 45,739 11,938 1325 (288) 4.99 kb (650) 340Mb (95%)
(Phase-II) le-30
3AL 79,872 (16.8x) 51,405 12,064 1417 (273) 4.46 (594) 391 Mb (87%)
(Phase-I) le-25
FPC assembly 16.8x arm coverage 13.6x arm coverage
Contig assembly 15x arm coverage 12.2x arm coverage
MTP 5,397 clones 5,754 clones
Pools Six-dimensional random pools Three-dimensional of MTP
Three-dimensional of MTP BAC pools

BAC pools



Marker discovery and BAC anchoring

# of unique
Primers Primesr Primers contigs
Identified designed tested amplified (CS) anchored
SSRs 1,057 758 180 156 (88%) 201
180 (class 1)
ISBPs 2,736 695 96 92 (95%) 172
Genic 519 240 96 84 (85%) 126

# of # of primers
primers amplified # of markers
designed (3AS super pool) anchored to BAC
NSF-ESTs 198 135 135
P e ESTs 1,170 460 366
_ (Barley/Rice/Brachypodium)
Total 1,368 595 501
6-dimensional pools



Genetic Mapping

T monococcum subsp. aegilopoides /
1. monococcum subsp. monococcum

1,200 F, RILs

1. monococcum (>100x sequence generated by collaborators at

CSHL, PE, MP 2kb 5kb)

T. aegilopoides (~30x sequence being generated at KSU, PE, MP
2 kb, 5 kb, 10 kb)



Marker discovery

2,743 BAC clones (2-6 per contig) from 3A MTP

MID k=)

| Library o : 4
=R = -'> - sequencing g
preparation e (,—H | ’

ctgz 3-dimenssional

454 Sequencing

BAC pools
| B Amplification Pl Development - Assem_bly and identification
Sé JUjem "'W /m I‘I‘ from parents of primers of unique sequences and
.| “!\ s i ¢ gw AL deconvolution
Genotyping Avsey amstnceen

ybridize Oligos to Activated DNA — R AN Amplitication

D Integrated

" —" - - =»  genetic

Allele-Spacific Extension and ngatn [” i!"’- |” l- hars]ldc al

SNP NN e 359 =) 5 P r):\ap
identification T —" i ~B_ A - omam




Marker discovery

The sequences was assembled into 194,000 contigs (228 Mb) and
deconvoluted and analyzed for unique sequences.

Nearly, 55% of the 194,000 contigs and over 70% of the gene containing
contigs were traced back to individual BAC clones.

From the parents of the diploid mapping population, 2,908 primers (from
genic and low-copy sequences) were designed and amplified.

Of these, ~2,100 primers amplifying one unique band were pooled and
sequenced on 454 for SNP identification.

We have identified 2,262 SNPs with minimum base consensus ration 0.9 and
read depth of 5.

The SNPs were traced back to 750 genes
To further increase the marker coverage we identified 7. monococcum

contigs (20,646) repeated masked shotgun sequence of chromosome 3A and
3B unigenes.



Marker discovery

We sequence the second parent 1. monococcum subsp. aegilopoides

depth of 12x

1. monococcum subsp. aegilopoides was aligned to 'I. monococcum subsp.
monococeurm  contigs and SNPs discovery

42,021
26,211

1,710
1,182

[Nlumina GoldenGate design is underway for developing high density integrated and genetic
map



GBS based SNP map

376 RILs from the mapping population were genotyped by GBS 1. monococcum subsp.
aegilopoides | 'T. monococcum subsp.  monococcum

6 lanes on Hiseq2000 (4more lanes HiSeq 2000 are underway)
61 Gb of sequence data generated

Initial analysis showed 21,454 SNPs with 2,698 SNPs with less than 30% missing data

GBS based map is underway and would be used to integrated 2,743 BACs sequenced
(108,000 contigs) from the MTP of chromosome 3A
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