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Brassica: triangle (after Prof. U.)

B.nigra

B = 8

B.carinata

BC = 17
B.oleracea

C = 9

B.juncea

AB = 18

B.rapa

A = 10

B.napus

AC = 19

~600Mb~500Mb

~480Mb



ñJoined-upò Crop Science ïgap-filling pipeline

Seedling vigour (ICS)

Broccoli quality (ICS)

Stem canker (IPA)

Zinc (targeted PhD)

Seed size (AF)

Pod shatter

Epigenetics (DH PGA)
Biofortification (AF)

Light leaf spot resistance (CASE)

+ othersé.

NOVORB (architecture)

CORDISOR, diseasesPhosphate use (OSR)

Water use (veg)

VEGIN

+ others

OSR N-use

Veg. scheduling

Sequencing

MBGP

BrassEnsembl

Adding Value to the UK Brassica

Crop Science Community



Objective: óGap fillingô:

Forward genetics

Genetic map integration

Population availability

- reference mapping

- diversity sets

Data management

- incl. QTL collation

Reverse genetics

Induced variation (TILLING)

RNAi pipeline

B. rapa transformation

Functional validation

Dissemination

Adding Value to the UK Brassica

Crop Science Community
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DNA



Brassica plant genetic resources provided through AdVaB

Species Population 
name

Cross description No. 
lines

Seed 
available

DNA preps 
available

B. oleracea BolAGDH Rapid cycling x broccoli ~120 Yes (for most 
lines)

Yes

BolAGSL Rapid cycling x broccoli 67 Yes Yes

BolTBDH Rapid cycling x broccoli 150 Yes Yes

BolDFS Diversity Foundation set 188 Selected lines Yes

B. rapa BraIRRI Rapid cycling 

(to S8 at RRes)

150 Yes soon

Wild Brassica 
C  genome 
spp

BCgDFS Diversity Foundation set 85 Selected 
founder lines

Yes

B. napus BnaDYDH Winter OSR x Spring OSR 120 Yes Yes

Additional Brassica napus plant genetic resources are available 

through OREGIN



Genetics ïconsensus integrated maps

Å SSRs added to key maps ïóglueô 

Å Genome-ready 

- navigate sequence to traits

QTL

registry



Genetic map integration

The problem:

ÅMany Brassica genetic maps aligned to reference genome

ÅBut they have very few markers in common

ÅDifficult to compare directly

Strategy:

ÅScreen parent lines to identify óanchorô markers polymorphic >1 map 

ÅMap these in the different populations to provide óbridgesô

ÅConfirm map orientations



Marker information

ÅMany markers, ~11,000 markers in total, 7,756 STS
AB A genome AC genome C genomeB
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marker_set count

AAFC_SSRs 3173 68 4 1483 1149 154 67

BBSRC_SSRs 444 4 10 12 2 139 114 205 180 10 5 6 3

Celera_SSRs 373 273 270 59

Choi_mixed_public 58 58

FITO_SSRs 587 79 1 102

INRA_SSRs 243 5 37 1 1 1 2

KBr_based_SSRs 1006 511 394 353 122

Lydiate_lab_RFLPs 203 1087 170 241 1 38 92 182 391

NIABKr_RFLPs 519 477

NIVTS_SSR 308 11 25 14 109 89

Osborn_RFLPs 265 4 2 125 456 80 4 122 61 58 75 188 142

Panjabi_Atg_STS 384 485

Prieto_SINEs 47 13

Qiu_IGF_SNPs 96 1 15 266

Sillito_marker_EST 50 99



Marker screening summary

134 SSRs screened against 49 parent lines

83 SSRs screened against 39 parent lines

46 loci mapped in BolTBDH

30 loci mapped in BraCKDH

65 markers screened against BnaTNDH

48 SSRs screened against BnaDYDH

In addition:

39 SSRs mapped in BolAGDH

43 SSRs mapped in BolNGDH

39 SSRs screened in BolAGSL

384 SNPs:

Integrate BolAGDH and BolTBDH

39 lines of AGSL

103 lines of BolDFFS

82 lines of BCgDFFS



Map integration

Population BolTBDH BolAGDH BolNGDH BnaDYDH BnaTNDH

BolTBDH Existing links

New links

BolAGDH Existing links 27

New links (384 SNPs)

15 SSRs

BolNGDH Existing links 12 108

New links (16)

BnaDYDH Existing links 0 7 2

New links (6) (10) (8)

BnaTNDH Existing links 3 8 7 9

New links 19 (44) 14 (17) (28)

Population BraCKDH BraIRRI BnaTNDH BnaDYDH

BraCKDH Existing links

New links

BraIRRI Existing links 5

New links 2

BnaTNDH Existing links 18 7

New links 11 (10) (4)

BnaDYDH Existing links 0 0 15

New links 6 (16) (4) (26)
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Numbers in 
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undergoing  data 
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C4 BRAS063 15-20

C4 FITO339 30-35

C4 CB10159 55-60

C4 FITO139 60-65

C4 FITO514

C4 NA12A01

C4 CB10493 110-115

C4 BRMS034

C4 CB10501

C4 OL10B01 115-120

C4 Ol11H02 125-130

Marker B
o

lT
B

D
H

Ol11H02 0-05

OL10B01 05-10

CB10493 05-10

FITO339 35-40

FITO139 50-55

FITO514 60-65

NA12A01 60-65

CB10159 65-70

CB10501 65-70

BRAS063 80-85

BRMS034 110-115

Data suggest that BolTBDH óC4ô as published is inverted





Brassica transformation

B. rapa

RNAi



B. rapa transformation R-o-18

ïFurther improvements to regeneration system
Åsmaller explants; staggered kanamycin selection and delayed 

use of ethylene inhibitors

ïObtained increased efficiency of up to 3% using GUS 
marker gene

ïStable inheritance of transgene in T1 and T2

ïSuccessful introduction of useful traits (non-marker genes)

ïImprovements to the system will continue to be made 
till the end of the project ïbut using traits of interest 
rather than GUS (eg PIN1)



Wild type RNAi

RNA silencing in B. oleracea

BolC.IND.a35S prom

BolC.IND.a



ÅRNAi service is now available via BRACT 

and at the same unit cost.  

ÅBRACT is also offering a construct building 

service

http://www.bract.org/



Rapid Reverse Genetics in Brassica :

TILLING in B. rapa



Mutation load per 1kb in TILLING population

of B. rapa (variety R - o- 18)

#mutations detected #plants
Expected #
in population

BraA.RPL.a 21 768 164

BraA.RPL.b 76 3072 190

BraA.RPL.c 98 3072 193

BraA.IND.a 35 3072 78

Gene name

157Average:

BraA.MET1.a 94 3072 164

BraA.MET1.b 89 3072 173



MSGSKADAAIAPIVMMEH-- HHLLMNWNKPI DLI TEENS-- FNHNPHFIV DPPSETLSHF 56

-------------- MMEH-- HHLLMNWNKPI DLI TEENS-- FNHNPHFIV DPPSETLSHF 42

-------------- MMEPQPHHLLMDWNKANDLLTQEHAAFLNDPHHLMLDPPPETLI HL 46

*** ***** : ***. ** : * : * ::  : *. * ::: ***.*** * :

QPPPTIF SDHGGGEEAEEEEEEEGEEEMDPMKKMQYAIAAMQPVDLDPATVPKPNRRNVR 116

QPPPTIF SDHGGGEEAEEEEEEEGEEEMDPMKKMQYAIAAMQPVDLDPATVPKPNRRNVR 102

D------------------ EDEEYDEDMDAMKEMQYMIAVMQPVDI DPATVPKPNRRNVR 88

:                  * : ** : * : **.** : *** **.***** : **************

VSDDPQTVVARRRRERI SEKI RIL KRMVPGGAKMDTASMLDEAI RYTKFLKRQVR----- 171

VSDDPQTVVARRRRERI SEKI RIL KRMVPGGAKMDTASMLDEAI RYTKFLKRQVRLLL QP 162

I SDDPQTVVARRRRERI SEKI RIL KRIVP GGAKMDTASMLDEAI RYTKFLKRQVR- IL QP 147

: ************************* : ****************************

--- LASSASHSAWSSYV----- 185

HTQLGAPMSDPSCLCYYHNSDT 184

HSQI GAPMANPSYLCYYHNSQP 169

: . : . : .. :  .*

BraA.IND.a
BnaA.IND.a

IND

BraA.IND.a
BnaA.IND.a

IND

BraA.IND.a
BnaA.IND.a

IND

BraA.IND.a
BnaA.IND.a

IND

IND orthologue in Brassica ?
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stop



braA.ind.a - 1Wild type



braA.ind.a -2 (S37F) braA.ind.a -1 (Q102X)braA.ind.a -3 (E82K)Wild type



Thanks to:  David Baker and Bethany 

McCullagh from JGL for setting up the TILLING 

platform

20 TILLs completed or ongoing 

14 from the UK

3 from universities 

11 from institutes

Germany 3   

Denmark 2

USA  1

http://revgenuk.jic.ac.uk/

+ R-o-18 12x re-sequence 

release Feb 2010 (RRes)



Data management and dissemination

Å Provide data curation pipeline

Å Develop nomenclature standards

Å Establish MBGP ïregistries of information

Å Disseminate for UK + international community

Focus:

ÅPopulations

ÅMaps ïconsensus integrated

ÅQTL collation

ÅMaximise utility of Multinational Brassica A genome 

sequencing + C genome in USA





MARKER ASSAYS

QTL

LINKAGE MAPS

POPULATION 
DATA

TRAIT 
DATA

GENOTYPE DATA

Sequence Repositories:

Genbank, BrassEnsemblé



Data Capture

ÅSeries of Excel worksheets, 

each corresponds directly to a 

database table. + streamlined 

ñUser Input Templatesò 

ÅInitial user guide, will be further 

developed with time and as 

example tables are generated.

ÅComplemented by community-

based training/guidance



Data Security

Explicit filtering of

public vs private data

Used when curating pre-published data pending 

release, and detailed data under MTA etc.



http://www.brassica.info/CropStore/maps.php

Web Interfaces



http://www.brassica.info/CropStore/maps.php

Web Interfaces



Prototype PC-Windows Interface

Connect via local, distributed or web-service

.......


