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Morex BAC library
(from Clemson University Genomics Institute)

- 313,344 clones
» Average insert size 108 kb

* 6.4 genome coverage

Yu Y, Tomkins JP, Waugh R, Frisch DA, Kudrna D, Kleinhofs A, Brueggeman
RS, Muehlbauer 6J, Wise RP, Wing RA. 2000. A bacterial artificial
chromosome library for barley (Hordeum vulgare L.) and the identification
of clones containing putative resistance genes. TAG 101:1093-1099
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Gene-Bearing BAC Sequencing Strategy

A.
B. Gene-bearing BACs identified by

BAC library clones arrayed on membranes

hybridization using genic probes
HICF fingerprinting and FPC to assemble
gene-bearing BACs into contigs

Minimal Tiling Path (MTP) computed, MTP
clones rearrayed

. Combinatorial pools of BAC cultures

produced, BAC DNA extracted

Each pool of BACs sequenced

. Sequence reads from pools deconvoluted to

individual BACs

. Each BAC assembled using deconvoluted

reads



313,344 BACs in 6.3x Morex Library
Yu et al. 2000. TAG 101:1093-1099

S l hybridizations

83,831 Gene-Positive BACs

Contain ~75% of expressed genes

S l HICF by MC Luo

FPC Assembly
65,731 BACs in 9394 contigs
~1700 Mb, ~1/3 of genome
http://[phymap.ucdavis.edu/barley

e
United States Department of Agriculture BARLEY
ional Institute of Food and Agriculture CA')

14,763 BACs from Minimal Tiling Path
637 combinatorial pools of BACs (7 x 91)
3-decodable shifted transversal design



83,831 Gene-Bearing Morex BACs
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Gene coverage in a minimal tiling path (MTP)

genel gene2

BAC1
BAC2

In an ideal minimal tiling path (MTP), a gene would be covered
by one or two BACs

 This ideal case requires two-decodability in BAC pool
design.

A computed MTP is very unlikely to be ideal
« We employed a BAC pooling design with 3-decodability

Thierry-Mieg, N. 2006. A new pooling strategy for high-throughput screening: the
shifted transversal design, BMC Bioinformatics 7:28



Pooling Design for BAC Sequencing

2197 BACs

91 pools: 7 layers, 13 pools per layer

169 BACs per pool

Each BAC in 7 pools, one per layer

0 BACs shared between pools in a single layer

13 BACs shared between any two pools in different layers

Layer Pools BACs

1000000000000 @GN St Ir:ty
1000000000000 ORI Ir:ty
3OO0 OO0 2739 2197
OO0 4052 2197
OO0 5365 2197
OO0 65718 2197
OO0 79-91 2197

00000
00000

900000
000000
900000
900000
OO0O0000

N o o B~

QOO0
QOO0



Pooling Design for BAC Sequencing

2197 BACs

91 pools: 7 layers, 13 pools per layer

169 BACs per pool

Each BAC in 7 pools, one per layer

0 BACs shared between pools in a single layer

13 BACs shared between any two pools in different layers

Layer Pools BACs

1 QO@OOOOOOOOOQ o113 2197
2 OO000000O@OOO0 1426 2197
O@OOOOQ) 2739 2197
QOOOOO@ 4052 2197
OOOO@OQO 5365 2197
OOOOOO0 65718 2197
400000000006 Ok ity

Valid Signature BAC#
03,22,34,52,63,67,90 0296

0000
0000



Pooling Design for BAC Sequencing

2197 BACs

91 pools: 7 layers, 13 pools per layer

169 BACs per pool

Each BAC in 7 pools, one per layer

0 BACs shared between pools in a single layer

13 BACs shared between any two pools in different layers

Layer Pools BACs

1 @O@OOOOOOOOOQ 0113 2197
2 OO0000@O@OOO0 1426 2197
Q@ 00000 2739 2197
OO0OO0O@ 4052 2197
OO0@@®O 5365 2197
s OO@OOO@OOOOOQ0 6578 2197
7 OO000@OOOOO@O 7991 2197

Positive Pools
01,03,20,22,30,34,44,52,62,63,67,71,84,90

QOO
00



Pooling Design for BAC Sequencing

2197 BACs

91 pools: 7 layers, 13 pools per layer

169 BACs per pool

Each BAC in 7 pools, one per layer

0 BACs shared between pools in a single layer

13 BACs shared between any two pools in different layers

Layer Pools BACs

1 @O@OOOOOOOOOQ) 0113 2197
2 QO0000 O0OQ 1426 2197
OO0 2739 2197
O@ 4052 2197
OQ s3-65 2197
OO0 65718 2197
7 OOO000O@OOOOO@O 7991 2197

Valid Signatures BAC#
03,22,34,52,63,67,90 0296
01,20,30,44,62,71,84 1179
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Pooling Design for BAC Sequencing

2197 BACs

91 pools: 7 layers, 13 pools per layer

169 BACs per pool

Each BAC in 7 pools, one per layer

0 BACs shared between pools in a single layer

13 BACs shared between any two pools in different layers

Layer Pools BACs

1 @O@OOO@OOOOOQ 0113 2197
2 OO@OOO@O@OOO0 1426 2197
3 O@O@OOO@OOOO0) 2739 2197
+ QO00@O@OOOOO@ 4052 2197
10 0000000, | (OGN Ny
s O@@OOO@OOOOOQ0 6578 2197
7 OO@OO@OOOOO@O 7991 2197
Positive Pools




Pooling Design for BAC Sequencing

2197 BACs

91 pools: 7 layers, 13 pools per layer

169 BACs per pool

Each BAC in 7 pools, one per layer

0 BACs shared between pools in a single layer

13 BACs shared between any two pools in different layers

Layer Pools BACs

1 @O@O@OOOOOOOQ) 0113 2197

2197

2197

2197

2197

2197

7 OO0@OO@OOOOO@O 7991 2197
Valid Signatures BAC#
03,22,34,52,63,67,90 0296
01,20,30,44,62,71,84 1179

07,16,29,46,54,66,82 1861



Results of Combinatorial Sequencing of BACs
 From one set of 2197 BACs, 1 lllumina HiSeq flow cell
2167 BACs >20X coverage, mean = 137X
» Assembled using Velvet, mean # nodes = 126

DNA Samples Sequenced Size (Mb) N50 % Coverage

BAC Assembly: # of BACs

1 (deconvoluted by STD, mean) 0.129 7,210 87.8
169 pooled (mean) 22 4,270 69.5
2197 pooled (SOAPdenovo) 286 3,845 56.6
Whole Genome Assembly (+Ns)* 5300 2,857 30.5

*Whole Genome Assembly is 24X by SOAPdenovo, includes ~¥90% of all known
barley genes (BLASTN e*°); Barley Genetics Newsletter 41, poster PO114.



Outcome is sets of unordered sequences allocated
to bins defined by MTP BAC ends

genel gene2

BAC1
BAC2




BLAST Morex MTP BAC Sequence Database
www.harvest-blast.org

s =%

) HARVEST-BLAST.ORG - Mozilla Firefox
File Edit View History Bookmarks
HARVEST-BLAST.ORG |+ | >

g “‘._ D | & || vvnw.harvest-blast.org -l - Felnl SRR

HarvEST BLAST Search i~

Choose program to use and database to search:
(All databases are nucleotide)

PmEramDatabase | Morex Barley BACs v

Barley 2943 Mapped SMNPs

Enter sequence below in FAST Barley 21 (Affymetrix Chip)
ACGTETGTEACEATCETACEAG] Darley 25
ACeAGCTaToAiATCEATCRACE Barley 31 stingent
TEELOCTITERLAETETeTrL e Dalley 32 relaxad
ETELCGATAETLCeLE~TeTCnn: Dalley 35 relaxad
~TTTeeng oarley Genome 0.05
Barley_Transcriptome_01.02 (h21,Conf 0.5) 58200
Barley_Transcriptome_01.02 (h21.low conf) 115671
O load it from disk Brachypodium B0 stringent
Brachypodium BO2 relaxed
: _ Citrus C37 (Affymetrix Chip)
Set subsequence: From I: Citrus C38 relaxed
Citrus C52 relaxed
Clear sequence ] [ Sear Citrus Ch3 relaxed
Citrus C54 relaxed w
Citrus C55 relaxed
Coffea JOT stringent

Tools  Help

[ *

C

—
GIGACGATCGTAC
eyl
fr
I

TGTCRARLTCGELT

ITTCGACGTIGTE

00 207 0 G
O3 503 400




Retrieve Morex MTP BAC Sequences
www.harvest-web.org/utiimenu.wc

¥} HarvEST:Utilities Menu - Mozilla Firefox

Fle Edit View History Bookmarks Tpols Help
J.J HarvEST:Utilities Menu | + |

- OX

! MOREX_HV5.txt - Notepad
File Edt Format View Help

f/ ) & || [ harvest-web.org/utimenu.we? 77 - || 2] - £ E -
HarvEST: Utilities

Get a FASTA File of Selected Morex Barley BACs

Please paste your list of identifiers or upload a query file that contains identifiers.

The file can contain one-line descriptions from BLAST outpuf like this:

203E04_NODE 0001
203BE04_NODE 0004

Your list can contain only BAC addresses (like 203B804) if you select "Download the
whole BAC(s)" below.

Paste Your List Here
203804

Browse._

Or Upload a Query File |

Download the whole BAC(s)

®End each line with CR+LF (DOS/Windows)
(DEnd each line with LF {Unix/Linux)

Submit Query |

>203B04_NODE_0001 ~
ATCTCTTCATTTGTTCTCCGCTATTAGTGACTTTGGAGTGACTCTTTGTTGCATGTTCAG
GGCTAGTTATATGATCCAATTATGGTATCATAGTTGAGATAACTTCACTAGTGAAAGTAT
GAACCCTAGGCCTTGTTTCCACGCATTGCAATACCGTTCGTTCTCGCTTTTATTATTACT
TACCTTGCTGTTTTTGTAGTTTCAGATTACAAAAACCTATATCTACCATCCATATTGCAC
TTGTATCACCATCTCTTCACCGAACTAGTGCACCTATACTATTTACCATTGTATTGGGTG
TGTTGGGGACACAAGAGACTCTTTGTTATTTGGTTGCAGGGTTGCTTGAGACAGACCATC
TTCATGCTACGCCTCCCGTGGATTGATAAACCTTAGGTCACCCACTTGAGGGAAAATTGC
TACTGTCCTACAAACCTCTGCACATGGAGGCCCAACAACGTCTACAAGGAGAAGGTTGCA
TAGTAGGCATCACGCACCGAGAGCATCCACGGTACTCTTCGGCGCCCCCTTTGTTTCAGC
CGCTCCCCTGAGCCCCTGCTGGCACCTACCTCTCCCTCTCCCTTCCATGGGCATCCCGAG
CCCATAAATCTCTCCTCCTGGACCCTGCAACGCCCCGATCGCCGCAGGGTCACCTTTTTG
GCCCCGCTCCAATCCGGGGTCCTCCGATCCCCTTTTTCCCTTTGAGAAGCACCAGGTTGC
TCTCCTCCATGCCGCCAGCACCGCCGTGCCTTTCTTCAACCATTCGGTGACCGGGGCACT
ATCCCACCGCAGCTGTTGTCACCGTCCTCTGCCACGACTGAGGGGCCCTCTCCTTAGGAG
CTTCCCGGTGGAGCTAGACCGLCCAGGCGAGTGCGGCTCCTTCCCCCGAGCATGCTGGTG
GCCGCGGCGTCACCAGCCATCACCGGAACGACCAGGGCAGGCACCGGCCTAACTTGGTCC
CTCTCTCCCCAGCTCGTCCGTCATGGGECGGGAGGTAGGGGACGACGTGATGGCTGGGLC
CCGCTCGTAAGCGCGCTAGGGLCGGTCCCCCTCGGTTTAAGTGGAGGCTGGTCCTCCTGA
AGCCGCTTCCCCTGCAGCGAAGGTGGTTTTCGCTAGTGCGGTTTCAGCGTGGCCCTTCGC
TGGCCAGGACGAGCCACTTGCCGGCCCACCTTCCTCTCCAGCGCCGGGGCACAGTTTAGC
CCCCCTAGTATAACTTCCTTCCCTTTTTCTTCTATCAGAGATGCAAATAAATCCATAACT
ACTTAAGTATAACTCCAAATCCATTGATTAAAATTCCTACACGGTCCTAAAATCCTTGCC
TATCCATATCTGTGCATTGCACATTTTTACAAGAATATTTTCACTAGTATTATTATTCAA
ATGCAAATTTTAGTATTTGAAACTCCACCCATGTAACTTCTTGTAGCCTCCAAATCAACT
CCAAATGAAGTGATTCTAATTTCCATAGGTTTATAAAATCATTCCCTAATTTCCTAGCCT
CGGTGAACATTTTTATCTGCTATATTTCCGTTACATCAAATAAATAGCCCCTTTTTCTAT
TTGTTCCATATTAGAAAATCCATAGGAAATTCATACCAACTCCAAAACCAGTGAAACCAC
TTCCGAAATGTTTCTAAATTCATGCTCTATTAAATGAGTGGCTCCACTCATTTTTAATAG
AAAGTTTTCTGTAGACTTCTTATAGGATCACCTATTACTCCTTTCATAAATTCAAAAATC
TCTAATGATCCAAATCTCCTAGAAGAAGCTTTAGTATTTTTCTTATGACCAGAGAGGACC
AAGAAAAAAATTGTACTTTTAGAGCGCTTTTGTTCCTGCTTGATTTGTGGCTTACGGTGG
TTGTTTCCGACGATAGTTGGCAAAATAGACGGAGTACTCGGAGTTGGACTAGAAGACCTT
GAAGACCTAGGAGACCTACTTGAGCAAGGCAAGCAGCCCTTTGACCATGTCTGAGGAAAT
ATTTTGTGCATGCCATTACTTTACTCCGATGCATATGATCATGACTAATCGGTAAACCGT
CGATATGGTGTTACCTATGGCTCCTCTGGAGCACTTGAATT TGAGCATGACCTTACCATA
TTTGAGGGTTACGCTAATGGAAAGTTGACAAGTAGATAGTAGTGGTACGTATTGGATAAG
CATATGGATGGTGATGGTAACTCAAAGGTGATATCAAAGGT TTTTCAAAAACATTGTCGG
GTGCCACTAAAGCCTGAGAGTGATGGTGTTGAGTCGGATGACCACTTGAGAAAGAATTGG
TTTACCGCAAAGGTTTTGTCTGAGTGGT TTAGGAAATGGGATTAGATTTAAGATTTGCTG
ACCATCCCAACCTTACATGTGCGACCACGATACCCTTTTATGGGACGGGGCTTTGTTGAT
TACTGTGGTCGTACTAGCAAAGAGGCCGCATTACAAGTGGCGGGAGTAATATGGTTACTC
TCGTGACGGGGTCGTGCCAGTTAGGGTGACTATGCTGTTTTGACCTGTTCCGGGCACACC
ATTGGTCCCCGCATCGATAATACGGTCTAGAGTTGGTGCTCGTAAGATGTACATCGTGTG
GGCTGGGTACAAATAGAGTGGACTTTTTTCTAGTGTCGTCACGAGAAAGGCAATGATCGG
GGTACTTACCTCGGGTATGTTATATACCGCGAGTCATGGATGAGAAGGAAGTTTCCCGGA
ACTCGTGGGTACATCGTATGACCTCTGCAGCGTACGATCAATGACAGGTGGGTAATCCCG
CTTAGAGTATTTCCACATAAACCAAGTGTGTGTGTGTATAAAGGTGTTACATAAGAAAGT
GAATACCTTGGTCAAGTATGGCGACTCGACATGGAGGGTGAACATGAGGTGTTCAACCCT
CAGAATATTTATGTTGATATATGTAACCTATTCTTACGGTTACTATCTACCTTATGATGC




Anchoring the Physical Map to the Genetic Map
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Relating Genes to BACs Using Illumina
GoldenGate Assay

C e /'\/ \

Code\ /;:ode\ Code\ Code
#561 #561 I I #561' #561 I

A/AD_ AT|B T/T_I null
4% Y,

Gene present: Genotype Call Gene absent




GoldenGate Assay for Gene Detection in BACs

2055-947

Positive
] Negative controls,
controls, More>$
E. coli DNA genomic
DNA
/ \ ® 9@

[ ]
4._%&.&. ® Y u—hﬁbM&’_%i

MNorm Theta

» 7 pools are positive for the SNP gene (blue dots), so this gene is
contained in one BAC among 2197 MTP BACs contained in 91 pools



HarvEST:Barley - Windows version (from harvest.ucr.edu)
 Display below shows barley-rice synteny
* Includes BACs anchored to SNP loci (shaded green)
* Adding new BAC and sequence export functions now
 Anticipating deep links between HarvEST and MIPS/IPK database, data to
GrainGenes for TriticeaeCAP portal, etc.

# HarvEST: Barley Assembly: 35 Genetic Map

] View ] Marker e-score culoff Synlenyto  Zoom %
;z“g’;eds412““”"95w“h19835 sbar iy Barley Inteqrated Map 0416008 v | | Alg | Pilot OP4 Name ¥ Tom) [rees | [1002] [ 2
i c
| Piot OPA Name BACS =l
0418H24
0417E04

0025K14, D417E04
0184N16 20
0329K20

0099H03, 0100008, 0762F0
0558N14
0762F05

0530507
0302P24

0380A23, 0713F03

0093H16, 0779E21
0324H07, 0760P17
0329N19, 0624B24
0329M13, 0624B24
0093H16, 0779E21
0503P01

0686513 100
0280020

0356105 220
0003E22 ‘
0886G13 |

I View Members of Selected Unigene

I Output All Seq. From Selected Unigene

I Output The Above Unigene List

1 anchors
i

7 markers total

I Unigene/Assembly Cross-Reference

l
l
[View i Blast Consensus of Selected Unigene]
l
l
J

I Hew Search ]l Close

Best BLASTX UniProt Best BLASTX Rice 6 Best BLASTX Arabidopsis Best BLASTX Brachypodium
UniRefd0_0Q69x18 Score: 500 1e-140 LOC_0s06040050.2 Score: 500 1e-141 AT4G32400.1 Score: 384 1e-107 Bradi1g36670.1 Score: 513 1e-145
| CHRO6VE|COORD:236826299..23822464|protein | CHR4V9|COORD: 156386861564 0235 SHS1 CHR1V1|COORD:32324345 32327373|Status

mitochondrial carrier protein. putative. expressed | (SODIUM HYPERSENSITIVE 1): binding / 12 Valid 1.Alias Bd1 3937 Description
' nuclectide transmembrane transporter/ transparter Class_5:Note=protein_coding_gene

Putative uncharacterized protein n=2 Tax=C0ryza
sativa ReplD=Q69XJ8_ORYSJ
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