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Grass Genomes and Evolutionary Relationships
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Brachypodium Genome Synteny

Rice Sorghum Maize
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Reduction of complexity via chromosome sorting
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454 sequencing all barley chromosome arms

Size sequences high quality high quality

Chr/ Chr arm (Mbp) (Mbp) sequences (Mbp) | sequences (x-fold)

1H (MoBe) 622 1611
2HS 362 528 377
2HL 428 924 670
3HS 336 657 470
3HL 419 1155 744
4HS 336 653 452
4HL 393 911 605
5HS 301 760 546
S5HL 459 949 651
6HS 332 830 570
6HL 357 981 587
7THS 382 640 505
7THL 373 636 468
5100 11235 7889
DI e TIPS



Sensitivity and Specificity

e
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observed
expected marker
Lander detection rate
Waterman of (sensitivity) of specificity
Chr./ high quality high quality
Chr.-arm sequences sequences
1H (MoBe) 86.46% 98,19 88%
2HS 64,65% 82,35 97,9
2HL 79,20% 86,24 97,1
3HS 75,34% 80,58 98
3HL 83,14% 85,95 96,5
4HS 74,08% 80,55 97,9
4HL 78,56% 83,01 93,6
5HS 83,63% 90,29 97.9
5HL 75,83% 83,03 97,6
6HS 82,09% 86,29 97,8
6HL 80,60% 86,38 97.8
7HS 73,29% 80,97 97
7HL 71,35% 84,89 98
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custom microarray vs. sorted chromosome arms
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Info on chromosome arm
specific localisation of 17k
barley genes

S SCRI
Pete Hedley & Robbie Waugh
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Gene counts...

non redundant genes

Non- redundant

munich
f
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Brachypodium Rice Sorghum genes (cumulative)
Genes detected with 2GS 19,289 17,290 18,340
data (73%) (61%) (66%) 21,240
Expected hits with complete
genome from 2GS data 22,429 20,104 21,325
(sensitivity 0,86) (85%) (71%) (77%) 24,698
number of matching non red.
fl-cDNA against reference 17,622 15,340 15,419 18,204
genomes (out of 23,588) (75%) (65%) (65%) (77%)
Array probes against
reference genomes (out of 12,382 10,617 10,915 12,755
16,804) (74%) (63%) (65%) (76%)
Array probes not overlapping
with 2GS dataset against
reference genomes (out of 3,908 3,357 3,438 4,046
5196) (75%) (65%) (66%) (78%)
Genes detected from 2GS
data and array hybridization 23,197 20,647 21,778 25,286
Barley genes detected from
2GS, array hybridization and
fl-cDNA data 29,163 28,895 29,947 30,670
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Brachypodium genes tagged by barley read
-Synteny on a per gene resolution-
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Barley 1H vs Rice/Sorghum and Brachypodium

- Synteny on a per gene resolution -
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Syntenic integration — ,genome zipper*
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Syntenic integration — ,genome zipper*
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Syntenic integration — ,genome zipper*

P I THENT ] N
HFSEN | .

h

corresponding

cM  brachy hit rice hit sorghum hit 454 shotgun reads _ harvEST35
- - | Bradi2gd0110.1 050590145000 - 316745,47800,1461423242;
- - - 0s05g0101200 1339032;2247860;11 17120;
- - 2040100.1 O 1581361, 922 20508;
- - | Bradi2gd0090.3 0s0590100800 - 2871221:1807303,28 15637;
- - - 05050100700 - 640033,2837098;  4437;
- - Bradi2g40080.1 - |1/Sb09g00022011 2019452;773802;187 18906;7654;
- - Bradi2g40070.1 - - 1753215;2018341;18 3764;
- - - 05050100100 - 755586
- - 050590100500 - 555075,
- Bmdlwm 1 0s05g0100600 -777355 1815511,3770 46671 22527;
3099 0 | Bradi2gd0050.2 - 14837722140716:214526,37116;16811;
- - Bradi2g40050.1 - - 574927;1183343;160 17786;
- - Bradi2gd0030.1 0s0590180600 - 2580264478745,940 -
- - - 050590180500 - 65700; 6499;
Bradi2g40020.1 - - 1676072,1681761;  17363;

21354 077 | Bradi2gA00502

17306
14&3772 8660141214526;37116;16811;

0505901 03500 454016 1912939794 16353;

20842 095 Bradi2g39900.1
iz Al

- - Bradi2g39840.2
- - Bradi2g39840.3
- - Bradi2g39850.1
- - Bradi2g39860.1
- - Bradi2g39880.2
11311 095 | Bradi2g39890.1
- - Bradi2g39890.4

48233,55:

i 5
- - Bradi2g40000.1
21067 151  Bradi2g3g990.1
- - Bradi2g39980.4
- - Bradi2g39980.3
- - Bradi2g39980.1
20502 1,51 | Bradi2g39950.1

2.0836 1,51 -
30715 1,51 -

21456 375 -

- - Bradi2g39700.1
- - Bradi2g39710.1
- - Bradi2g39720.1
1.0419 3,75 | Bradi2g39740.1

- - Bradi2g39750.1

2.0238 375 | Bradi2gdore0.1
- - Bradi2gde770.1
- - Bradi2g39830.1

radi2g39800.1

1060 375 | Brad2gd9ne01

050590103600
919]
0505901 02300 1667935 173865940
1676072; 17363;
1554812,2168943; 17363
Osnsgomzaoo 911500,2311630; 699!
050590102800 1673880;1328288;10 |9203 16735,1673¢
971584;2129140;265 2230;
2366595;1728894;37 2230;
0505901 02900 971584;2356595,172 2230;
050590103200 222961 0:1687270:28 1696;
050590103300 3

2211820 324;298;
34770;1480910;1803 19074;
2565054;907983;291 34579;16501;
2231492, 5699;
704223 680315 4063 -

385765 1901 355 235 43705

7598,245 -
2240625 2733161:86 14893;
1923636,2535467;18 17177:4908;
2560715;
1189690;2143848;26 20150 10110;
1077529;36373;1604 13331,18906;
2224664:2709243;24 5280;5410;5409:52
1467452,1417634;43 15699;

OsD§g01 06100

0505901 06000

050590105500 1991914;1519334;  11135;
728462; -
0505901 05300 1932535;1691820;51 -
050590105200 1770979; -
1770979;
0505901 05100 2968277167765029 1526018045
1638278;1766895;1927734;
0s05g0104200 2286300; -
00590104900 1988613:444103;184 1364;
0s05g0105000 1006521;391681;167 15664,

3.

0268 42,52

1134 43,28

0314 4513

_1467 4747

Bradi2g38170.1

Bradi2g38120.1
Bradi2g38130.1
Bradi2g38130.2
Bradi2g38130.3
Bradi2g38140.1
Bradi2g38150.1
Bradi2g38160.1
Bradi2g38440.1
Bradi2g38430.1

Bradi2g38420.1
Bradi2g38400.1

Bradi2g38390.1
Bradi2g38380.1

Bradi2g38360.1
Bradi2g38350.1
Bradi2g38340.2

Bradi2g36330.2
Bradi2g38310.1
Bradi2g38280.1
Bradi2g38260.1
Bradi2g36970.1

Bradi2g36940.1
Bradi2g36930.1
Bradi2g36910.1

Bradi2g36900.1
Bradi2g36890.1

Bradi2g36860.3
Bradi2g36850.1
Bradi2g36830.1
Bradi2g36810.1
Bradi2g36790.1

Bradi2g36780.1
Bradi2g36760.2

Bradi2g36750.1
Bradi2g36740.1
Bradi2g36730.2

Bradi2g36730.1
Bradi2g36710.1
Bradi2g36690.1
Bradi2g36680.1
Bradi2g36670.1
Bradi2g36660.1
Bradi2g36650.1
Bradi2g36640.1

0s05g0127200 [1Sb09g002320:17] 1309343;415098;195 6967;13052;

050590126900 - 31085:80764;111534 -
- - 25319,1621782,1159-
- |/Sb09g002270.17 409672;616154;7698 24793;
- 616154; 2479
050500126100

0s05g01 26200 _299632 587967:294516,26065;
- 797068;
- | Sb09g002290.1 197073 589351;2434 mss 11683;1786¢

2717345;910933;793 32499;

0s05g0131100 3003667;
050590131000 1553643;885298; 180 -
- 2759084 2369430 1120331;48323;

- 1165573;2261666;  20331;
1540641;3017253;28 -

0305901 29900 2191979;2166015;24 -
050590129700 2372145;1443439;25 -
050590129300 1023311;165929; 16155;
1464631;
050590129200 2967412;2825624;34 29677
2967412;2825624;34 29677;
0505g0129100 2464185; 17137;
050590129000 1170776;2755196;25 15702;
1480327;2102033;27 -
050590126400 433582;1926337,940 15430;11898;
8222
- 2233436;153885;145-
- 2727674;2209698;14 -
050590135900 2889501;14758;1351 35313;
0505901 36200 505041;1885796;134 2489;2487;
1296380;2280486,6342154;
281288,1741875;227 -
0505g01 36900 168249;
1062937;965193;195 2776
1083115;2180366;14 17184;43594;
050590137200 - 2160720;147249;1328212;17184;
050590137300 1718625;1582525;68 3005;
- 2904216;1616109;  20203;
0s05g0137700 2904216;1616109;13 20203;32860;
0s05g0137600 2716389;

2731996:1669831:20 15364;1640;15366;
523838;1538595,502-
0sosgo113300 _1993234 1438534;24 -
1800005;372299;196 -
1248023; 21520;
1940546,807734; -
2533,246544698;
2588440;3045473; -
- 2130511;1120689; -
32914 1733758;2954 -
19249;

0505g01 37400

0s0590138200

050590139200
19249
1607729 1742235;28 -
050590140500 2700159;2711235;17 16244;
050590140800 136671;2504 9235;794;
- - 235220 23921;
- 971971; -
0s05g0141400 2599753;256465!
050590141500 1509309;865103; 128 20271

0s05g0141700 | Sb09g003230.1"| 2324871; 5390;

050590140100

30488

30762

11162

50

Bradizg33360.1

Bradi2ga3a70.1

Bradi2g33380.1
Bradi2g333%0.3
Bradizg33420.1
Bradizg33450.3
Bradizga3470.1
Braci2g33480.1

Bradi2g33490.1

Bradizg33500.1
Braci2g33510.1
Bradizg33530.1

Bradizg33550.1
Bradi2ga35602
Bradi2g33570.1
Bradizg33580.1
Bradizg33580.2
Bradi2g33610.1
Bradi2g336202
Bradizg33640.1
Bradizga3670.1

Bradizg33680.2
Braci2g33900.1
Bradizg33910.1

Bradi2g33920.1
Bradi2g33940.1
Bradi2g33950.1
Bradi2g33960.1
Bradi2g33980.1
Bradizg34000.1

Bradizg340105
Bradizg34020.1
Bradi2g34030.2
Bradi2ga040.2
Bradizg34050.1
Bradizg4070.1
Bradizg34080.2
Bradizg34100.1
Bradi2g34110.1
Bradizga41202
Bradizg34160.1
Bradizg170.1

Bradizg34200.1
Bradizg34240.1

Bradizg343002
Bradizg34340.1

Bradi2g34390.1
Bradi2ga4400.4

Bradizg34430.1
Bradizg344403
Bradi2g34460.2
Bradizg34470.1

050590187800
0050187500

050590187100
050540187000

050590186300 [/ Sb09gA0SBA0.1"|

Oso5g0184901
050590182900
050590182700
0050182600 [/ Sb09gA05650.1.|

oosiaon [ Spmsnt]
050590181200
05050181000

0s05g0180400
0s0590179900
0s05q0179800
050590173300
00590179100
Os05g0179000

0s0590178400
050590178000 -
sostmen (Sl
0s05g0177400 -

< Sb09g004460.1
0s05q0176800 ["S509g005350:
00590176600
050590176500
0s0590176400

00590176100
0s05g0171900
0s05g0171300

050590171000

050590170300
0s050170000
050590169400
05050169300
05050169200
050590169100




A high resolution genome scaffold
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A high resolution genome scaffold
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Barley Genome Zipper summary

« 22k barley genes sequence tagged positionally ordered and in part
associated with flcDNA & EST

« Additional 6k genes with chromosome arm assignment
 Resolution of appr. 0,05 (0,1) cM; 20 loci (9,3 fl-cDNAs) per cM
« >3000 (14%) genes are located in low/non-recombining regions

« All but 9 ordered and assigned to short and long arm respectively

Shortcomings:
«Can‘t resolve small local rearrangements
«Can't position genes that are out of syntenic context

» Pseudogenes, tandem duplicates, ...

"Sp?« . HelmholtzZentrum miinchen
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Case study chromosome 2HL
(Nils & Naser @ IPK)

« 162 primers designed based on 454 read info

* 136 (83%) work under uniform PCR setup

« 96 assigned to 2HL (mapping and ditelo addition lines)
1 assigned to 2HS

* ~90 % of the genetically mapped markers follow the

proposed model

')S";t* & HelmholtzZentrum miinchen
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Artificial barley chromosomes form a stepping
stone for other Triticeae
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Wheat EST bin map vs artificial barley
chromosomes

wheatA wheatB wheatD
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4A

(done by Jaroslav and Pilar)

4AS 4AL

Pericentric ¢ inversion

| I—
Pericentric ¢ inversion

1 4AS native
B 4AL native
[ 5AL native
W 7BS native
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Breakpoints

Brachypodium

Oryza sativa

Sorghum

Bradi1g72080.1 0s03g0187500 Sb01g044730.1
Bradilg72086.1 050320187400 Sb01g044740.1
Bradilg72092.1 05030187300 Sb01g044750.1
Bradilg65190.1 050320296700 Sb01g038210.1
Bradilg65197.1 050320296600 Sb01g038220.1
Bradilg65210.1 05030296400 Sb01g038230.1
Bradi4g26690. 1 Os11g0150450 Sb01g013770.1
Bradi4g26670.3 Os11g0151600 Sb01g013780.1
Bradi4g26640.1 0s11g0152700 Sb01g013830.1
Bradilgl3777.1 05030652100 Sb01g013490.1
Bradilg]3850.1 050320648200 Sb01g013540.1
Bradilg13870.1 050320645100 Sb01g013650.1
Bradilg75740.1 05030138200 Sb01g047640.1
Bradilg75720.1 05030140100 Sb01g047630.1
Bradilg75707.1 0s03g0141100 Sb01g047610.1
Bradilg75960.1 05030147900 Sb01g047070.1
Bradilg75970.1 05030147700 Sb01g047850.1
Bradilg76227.1 050320136900 Sb01g047860.1
Bradi1g00227.1 050320861800 Sb01g000210.1
Bradilg00237.1 05030860900 $b01000220.1
Bradilg00247.1 05030860700 $b01g000300.1
Bradi1g02940.1 050320823800 Sb01g002280.1
Bradil02950.1 05030822100 $b01002300.1
Bradil202980.1 05030821633 Sb01g002410.1
Bradi1g49450.1 0s06g0122200 Sb10g001470.1
Bradi1g49460.1 050620125000 Sb10g001520.1
Bradi1g49470.1 0s06g0125300 Sb10g001530.1
Bradi1g52060.1 0s06g0103300 Sb10g000300.1
Bradi1g52090.1 050620102900 Sb10000270.1
Bradilg52110.1 0s06g0102700 Sb10000260.1
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