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Brassica genus and B. rapa

B.carinata B.oleracea
(BBCC) (CO)
2N=34 2N=18

B.juncea B.napus
(AABB) (AACC)
2N=36 2N=38
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Leafy type

Turnip type







Development genetic material for mapping in B. rapa

|dentify marker-trait associations
to unravel the genetics and develop markers for MAS
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Goals

Use an Association Mapping approach to find markers (QTL) related to
metabolic and developmental traits

Compare different methods to describe the patterns of relatedness
among the accessions of the core collection

Compare different methods to find markers that best predict the
variation of the metabolites investigated

Use network visualization methods to compare the different methods

Define and develop a Diversity Fixed Foundation Set for future
association studies




WUR' Brassica rapa core collection

168 Brassica rapa accessions

» 137 public gene bank
(CGN, IVF-CAAS, OCRI-CAAS)

e 31 lines from companies




Markers used to profile core collection

SSRs AFLP Myb: like

« Sample allelic variation » More markers per run  sTranscription factor
* Est-based related to functional . More coverage for map - related to several

diversity pathways
* In BAC with candidate genes
* Anchor markers




Genetic distance: AELP, Myb profiles and SSR (553)




Population structure

Based on myb-aflp and SSR markers-412
Four subgroups were found

Individuals within a
subpopulation are more
related/similar than individuals
between different populations




First dimension:

European turnips, Broc.

Asian PC, VT

Second dimension:

Annual oils




Linkage disequilibrium (' LD))

» Affected by allele frequency and recombination between genomic sites

 Determines the number and density of markers needed for an
association analysis :

LD decay plot
 Important considerations:

1. Presence of subpopulations
2. Unequal distribution of traits




Linkage map YS143 x PC175 (160 DHflnes)

56 MYB markers
191 AFLP
22 SSRs




LD decay

«Calculations based on genome markers
AFLP + MYB markers- Genstat

LD between pairs of polymorphic markers is plotted
against their genetic distance

First results indicate an LD decay at around 20cM

*Currently we focus on LD analysis in R3 with
SSR markers




Association mapping of phytonutrients




Metabolite profiling

Plants grown in the greenhouse:

» 2 years, 2 blocks with one plant each per year per block
* fully expanded leaves of six week old plants are harvested

* 17 homogeneous accessions profiled 2 year, 2 reps
for 3564 mass data (LC-MS) by Multiple Linear Regressions:
R2(0.84; 0.86 and 0.79)

Association mapping leaves single plant
o folate
* iIsoprenoids




Metabolite profiling

Variation for b-carotene 3x; Vitamin E 10x
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Metabolite profiling




Association mapping models

The models were fitted by a general linear model and mixed models
as implemented in the TASSEL software.

STEP1 (GLM): a “naive” model
trait = marker + error

STEP2 (GLM Q): + matrix of membership probabilities Q obtained from
STRUCTURE to correct for population structure,
trait = marker + Q + error

STEP3 (MLM K/KQ): + correction for kinship (and Q) using the mixed model
trait = marker + Q + K + error




Comparison of the number of significant associated markers obtained using different

models

Method dtoc gtoc btoc atoc lut

GLM

GLM Q
MLM K
MLM KQ

b-carotene
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19 32 30 16
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Comparison of the number of significant associated markers obtained using different
models

Method dtoc gtoc btoc atoc Ilut bcaro chib chla neox violax fol
GLM 39 56 91 70 58 108 58 66 108 104 115

GLMQ 9 13 16 24 32 23 19 32 30 16

MLM K 41 89 71 59 59 65

MLMKQ 9 6 16 24 24 20 32 29 19

Correction of p-values for multiple testing using the Benjamini-Yekutieli (2005)
procedure in the “q value” package in R.
104 markers to 8 markers




Random forest regression (Breiman 2001)

Handles high numbers of variables (p >> n)

Handles categorical and continuous predictors

Robust to large numbers of noise variables

Incorporates interactions between variables

Internal cross validation

Variable importance is estimated

Fast algorithm

Extension of ‘Classification and regression trees’ (CART)




ple binary regression tree

* The root contains all samples

Root node
» Each subsequent node contains a

fraction of samples

» Each rule splits up the samples
into two groups

e Every rule is of the form
e X >t for continuous X
«x 1 A for categorical x
Only one variable per rule

» Each leaf more or less ‘pure’,
similar values for y

* A new sample is run through the
tree and one looks for the leaf it

ends up. Prediction is the average.




ple binary regression tree

Root node

Rule 1 \@
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Real data
b-carotene metabolite

RF Regression on 243 markers

%EXxpl: 30.06%




Comparison of the number of significant associated markers using different models

Method dtoc gtoc btoc atoc Ilut bcaro chib chla neox violax fol

GLM 39 56 91 770 58 108 58 66 108 104 115
MLM KQ 9 12 6 16 24 32 24 20 32 AS 19
RF 17 13 16 21 8 15 10 38 12 14 17




Comparison of the number of significant associated markers obtained using different
models

Method dtoc gtoc btoc atoc Ilut bcaro chib chla neox violax fol

GLM 39 56 91 70 58 108 58 66 108 104 115
MLM KQ 9 12 6 16 24 32 24 20 32 29 19
RF 17 13 16 21 8 15 10 8 12 14 17
overlap 3 3 6 3 8 4 2 5 3 4




Outcome RF MSE: markers associated with b-carotene

Box-plots

Allele frequency in sub-populations




Outcome RF MSE: markers associated with b-carotene

Boxplot b-carotene for the different sub-populations




Outcome MLM KQ: markers associated with b-carotene

Box-plots

Allele frequency in sub-populations




Outcome RF MSE: markers associated with b-carotene

Allele frequency in sub-populations




Network visualization using 104 MLM-QK markers

O Significant after q corr.

. Sign. for >1 compound

B Sjgn. for 1 compound




(KQ model, g value)

b- caro-148.3 b- caro-312.3 b- caro-alu476
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Verify marker trait association in segregating pop.

Many DH and RIL populations in development
VTXPC; YSXPC; RCxVT; YSXVT,; VIXWUTC etc

Tocopherols and carotenes mapped in DH68 (YS
X PC; 90 DH lines)

Compare QTL-mapped candidate genes
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eQTL approach as tool to identify candidate genes for QTL
Leaf mMRNA was isloated from DH 68 lines (90x)
Hybridized to Cogenics 105k array using distant pair design

Data to be analysed

Candidate gene: === profile candidate gene over core collection

predicted based on function (regulatory or biosynthetic)
colocalization QTL

eQTL




Future effort: development Diversity Fixed Foundation Set (DFFS):

Association mapping with traits strongly correlated to population structure
often not feasible; informative markers often discareded (Q)

Subgroups have variable sizes

Effort:
Increase core collection to obtain equally sized subpopulations

B. rapa is generally Self Incompatible , thus accessions retain a high degree of
heterozygosity and heterogeneity:

hampers repeated assessment of quantitative traits and genotyping

Effort:
Fix lines through Doubled Haploid procedure or repeated selfing




Development Diversity Fixed Foundation Set (DFFS):

an informative set of genetically fixed lines representing a structured
sampling of diversity across a genepool.

Genetic resources

!

Representative subsets

!

Founder lines

.‘
/1N

Multiply, archive, distribute




B. rapa DFFS

BrDFFS_wur

BrDFFS_Vavilov

Type

CC (Chinese cabbage)
PC (Pakchoi)

T (Turnip)

Bro (Broccoletto)

OR (Chinese turnip rape)
WO (Winter turnip rape)

SO (Spring turnip rape)

NG (Neep green)

U (Undefined)

W (Wild type)

Total

BrDFFS_WUR
24
18
25




Progress on fixing accessions of B. rapa through DH

Founder
Type acc. Founder acc. Acc. Acc. Total fixed
WUR Vavilov tested fixed lines”

Chinese cabbage 20 AY) 10 20
Pak choi 18 13 13
Mizuna/Komatsuna §) 10
Broccoletto 0
Turnip 12
Chinese turnip rape 7

Winter turnip rape 2

Summer turnip rape 19
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Conclusions

B. rapa core collection:4 sub-populations (admixture)

Correction for structure (Q) reduces significantly associ.
markers

Q (group) correction depends on metabolite variation
between/within groups

RF identifies sign. markers common with MLM KQ

Effect significant markers needs to be verified within groups
Core collection must be enlarged to equally sized subgroups
Accessions need to be fixed to allow repeated phenotyping
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