
Natural genetic variation in zinc (Zn) 
accumulation by Brassicaceae

Seosamh Ó Lochlainn

BBSRC Crop Sciences Targeted Priority Studentship

http://www.rothamsted.bbsrc.ac.uk/index.html
http://images.google.co.uk/imgres?imgurl=http://www.basidio.net/W_HRIblueWEB.jpg&imgrefurl=http://www.basidio.net/&h=256&w=276&sz=10&hl=en&start=6&um=1&tbnid=inf-IRtsJQVJPM:&tbnh=106&tbnw=114&prev=/images%3Fq%3Dwarwick%2Bhri%26svnum%3D10%26um%3D1%26hl%3Den%26rls%3DGGLJ,GGLJ:2006-44,GGLJ:en-GB%26sa%3DN


AimsAims

To test the hypothesis that To test the hypothesis that HHeavy eavy MMetal etal 
AAssociated (ssociated (HMA)HMA) genes are involved in genes are involved in 
altered Zn accumulation in altered Zn accumulation in BrassicaceaeBrassicaceae..

MethodologyMethodology

Comparative and functional genomic Comparative and functional genomic 
approaches.approaches.
–– Brassica Brassica raparapa and and B. B. oleraceaoleracea
–– NoccaeaNoccaea caerulescenscaerulescens
–– Arabidopsis thalianaArabidopsis thaliana



Variance 
component

Ca Mg K P Zn Fe

Genotype 
(VA )

36.0 37.7 22.2 7.4 18.5 7.1

[P]ext 0.2 4.0 2.2 43.1 7.2 3.5

[P]ext / 
genotype

1.4 1.1 1.4 0.5 2.5 0.0

‘other’ 62.4 57.2 74.2 49.0 71.8 89.4

Zn accumulation in Brassica

Relatively High heritability in AG population

Substantial [P]ext interaction effect



[P]ext and Zn interaction in Brassica

Shoot Zn (µg g-1 DW) at low [P]ext

0 100 200 300 400 500 600 700

Sh
oo

t Z
n 

(µ
g 

g-1
 D

W
) a

t h
ig

h 
[P

] e
xt

0

50

100

150

200



Brassica Brassica HMAsHMAs and Zn accumulationand Zn accumulation
Associations between [Zn]leaf and 3 linkage groups of B. 
oleracea (C1, C3, C7).

RFLP probes located within Brassica Zn QTL intervals show 
significant sequence similarity to AtHMA 1, 2, 3 and 4.



BrassicaBrassica consensus consensus contigcontig formation using formation using 
ContigExpressContigExpress (Vector NTI)(Vector NTI)

Consensus sequences were selected and 
aligned to A. thaliana sequences of interest 
using AlignX software (Vector NTI).



BrassicaBrassica contigcontig alignment to alignment to A. thalianaA. thaliana 
sequences of interest using sequences of interest using AlignXAlignX (Vector NTI)(Vector NTI)



BrassicaBrassica contigcontig alignment to alignment to A. thalianaA. thaliana 
sequences of interest using sequences of interest using AlignXAlignX (Vector NTI)(Vector NTI)

BAC end sequences within contigs, showing significant sequence 
similarity to A. thaliana HMAs were then selected.



BrassicaBrassica contigcontig alignment to alignment to A. thalianaA. thaliana 
sequences of interest using sequences of interest using AlignXAlignX (Vector NTI)(Vector NTI)

BAC end sequences within contigs, showing significant sequence 
similarity to A. thaliana HMAs were then selected.
Once locus specific HMA paralogues are confirmed we 

will screen a new A-genome TILLING population. 



NoccaeaNoccaea caerulescenscaerulescens (J&C (J&C PreslPresl.) FK .) FK MeyMey 
'Saint'Saint--LaurentLaurent--LeLe--MinierMinier''

Noccaea caerulescens (J&C 
Presl.) FK Mey 'Saint-Laurent-Le- 
Minier‘ previously Thlaspi 
caerulescens ‘Ganges’.

Hyperaccumulates: 

– Zn >3% SDW. 

– Cadmium [Cd] up to 1.5% SDW.

Three experimental approaches for 
NcHMA functional analysis:

We have created a 40 kb insert genomic 
Fosmid library.

Attempting “floral dip” transformation in 
Noccaea.

Functional characterisation of NcHMAs in 
A. thaliana.



Identifying Identifying NcHMAsNcHMAs

Clones were initially grouped into Noccaea homologues of AtHMA
2, 3 and 4 through fragment PCR and sequencing.

AtHMA3_genomic_sequence             GCAAGAATTATTGATGATTTCAAGATCCAAGGGCCAACAATGATGGTAGG 386 
TcHMA3_library_probe_sequence       TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG 215 
Fosmid_clone_H19P60                 TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG 215 
Fosmid_clone_D15P2O                 TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG 218 
Fosmid_clone_C13P94                 TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG 221 
Fosmid_clone_E24P78                 TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG 220 
Fosmid_clone_05P59                  TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG 217 
                                     ******* ** ***** ** * *   ******** ************** 
 
AtHMA3_genomic_sequence             AGATGGGCTTAACGATGCACCGGCTTTAGCTAAAGCAGACATTGGTATAT 436 
TcHMA3_library_probe_sequence       AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT 265 
Fosmid_clone_H19P60                 AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT 265 
Fosmid_clone_D15P2O                 AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT 268 
Fosmid_clone_C13P94                 AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT 271 
Fosmid_clone_E24P78                 AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT 270 
Fosmid_clone_05P59                  AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT 267 
                                    *** ************** ***** ** ******************** * 
 
AtHMA3_genomic_sequence             CCATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGACATCATT 486 
TcHMA3_library_probe_sequence       CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT 315 
Fosmid_clone_H19P60                 CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT 315 
Fosmid_clone_D15P2O                 CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT 318 
Fosmid_clone_C13P94                 CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT 321 
Fosmid_clone_E24P78                 CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT 320 
Fosmid_clone_05P59                  CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT 317 
                                   * ***************************************** ****** 



They were then further grouped into NcHMA 2, 3 and 4 gene 
paralogues by Fosmid fingerprinting 
– each clone was digested with EcoRI, HindIII and BamHI, run in an 

agarose gel, blotted onto a nitrocellulose membrane and re-probed 
with NcHMA probes.

Identifying Identifying NcHMAsNcHMAs
A C D E F WTB



Work in ProgressWork in Progress
Brassica.Brassica.

We have identified 50 We have identified 50 BrassicaBrassica BACsBACs with homologues of with homologues of AtHMA1, AtHMA1, 
2, 3 & 42, 3 & 4..

We are analysing 5 substitution lines from the AGDH mapping We are analysing 5 substitution lines from the AGDH mapping 
population for altered population for altered ZnZn[leaf[leaf]]..

NoccaeaNoccaea caerulescenscaerulescens ‘Ganges’.‘Ganges’.

WeWe have identifiedhave identified NcHMAsNcHMAs in 16 in 16 FosmidsFosmids from the genomic from the genomic FosmidFosmid
library.library.

These These FosmidsFosmids are being sequenced using 454 ultraare being sequenced using 454 ultra--highhigh--
throughput DNA throughput DNA pyrosequencingpyrosequencing..

We are screening 80,000 fast neutron We are screening 80,000 fast neutron mutagenisedmutagenised MM22 mutants for mutants for 
rapid cycling rapid cycling phenotyesphenotyes to adapt to future molecular genetic to adapt to future molecular genetic 
approaches.approaches.

Arabidopsis thalianaArabidopsis thaliana..

We have characterised Salk knockout lines for We have characterised Salk knockout lines for AtHMA1, 2, 3AtHMA1, 2, 3 and and 44. . 
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Thank you 
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