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¢ o test the hypothesis that Heavy Metal
Assoclated (HMA) genes are involved In
altered Zn accumulation 1n; Brassicaceae.
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Zn accumulation in Brassica

Variance Ca \Yle] K P Zn Fe
component
Genotype 36.0 37.7 22.2 7.4 18.5 7.1
(Va)
[Plext 0.2 4.0 2.2 43.1 7.2 3.5
[Plexi 7 1.4 1.1 1.4 0.5 2.5 ON0)
genotype
‘other’ 62.4 57.2 74.2 49.0 71.8 89.4

Relatively High heritability in AG population

Substantial [P]..,. interaction effect
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[Pl. @and Zn interaction in Brassica
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Brassica HMASs and Zn accumulation

Associations between [Zn].,; 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.
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Brassica consensus contig formation using
ContigExpress (Vector NTI)

i ContigExpress - [Contig 45]

[=5] Contig Edit View align Analyses Assemble Tools  Window Help
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» gi_151308052...
« gi_151180391...
« gi_151182023...
» gi_156803839...
@ gi_156808145...
» gi_156798016...
» gi_156803820...
» gi_151053180...
»gi_151052991...
» gi_83829852_...
« gi_156853476...
« gi_156856922...
w» gi_Se83ese2_...
»Qi_23407611_...
» gi_196797820...
» gi_1501=24742...
«ngSHBD4?L“ AGCTGCAGGGCCATTACCTG-AAGAGAR
» gi_126479981... CTGAAT GG GAA R GG R T TG CAA LA TGAAGC TG CAAGGACATTACC TGGAAGAGRD
«ngﬁE5ﬂEﬁu. GGG A TGAAT GGG AL MGG AT TGCAALRTGALR G TG CAAGGAC A TTACC TGGAAGAGLL
»g;ﬁlﬂﬂﬂ33u A G TAAA G G AT G C C TC C TAGG G CAC AT TGAC ARG GR MG C A CTGAATTG G GAR A G G ATTGC AR TGAAGC TG C ARG G ACATTACC TGGAAGAGRD
»gL}55HE32¢n A TA A A G AT G T TAG GG A A T T A G AL G A A G A T GA AT G G G AR A G G A T TG A A A TGAA G TG ARG G AC AT TACC TG GAAGAGRD
»ngﬂE4&B?m A G TAAAGGATGCCTCC TAGGGCACATTGAC ARG GAAGCACCTGAATGGGRRRGGATTGCAARTGAAGCT

w gi_32519797 ... A GG TAA-GGATGC C T C TAGGGCAC A TTGACALG-AAGCACCTGRATGGGRL

»gl83SIﬁm5.n LG GC TALRAGGATGCC TCCTAGGGZCACLATT

> o meomsti. | ashoccTasancatecoreotaooocae | CONSENSUS sequences were selected and
gi_1. L1 s o LAGGCTALALGS = = =

> B 150737500, | aligned to A. thaliana sequences of interest
» gi_150127652... . .
» gi_119426451... usi ng Ali g nXx SOftware (VeCtOr NTl)
w» gi_150083808,..
»gi_151050421...
W g| 1567‘93391...

-
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Brassica contig alignment to A. thaliana

sequences of interest using AlignX (Vector NTI)

Bl Alian X HMA1 - Align
Edit

Assemble  Tools  “Window Help

118506 B K
h & | B

Project Wiews  Align  Analyses

== A s
Active Pane: {@

4 [#] AtHMA1 {50001) al| w0z Similarity | g 47
gtuntig 1(1263) L reizonkig 11, {-0.0367)
. Contig 10 {586) roContig 3, (-0.0237)
Contig 26, (0.0332
_.[#] contig 100 (1081} — sl )
. 1 - Conkig 1 {-0.0332)
.. Contig 101 (730) Contig 4 (-0.0234)
. 0787 Absolute '
_ [#] Contig 102 (896) Camplesity reContig 178, (0,0420)
_.|% | Contig 103 (1404) - reContig 16, {-0.0420)
_[#]|contig 104 {1172) . —1 I cantig 32 (-0.0244)

_ | % | Contig 105 (975} 041 Cankig 28 {0,064
_[#]|contig 106 {1018) i — roconkig 164, {-0,0648)
Abzolute — Contig 21 (-0.0262)

. 0
_[®] contig 107 (1872) _lj Camplesity e T (i)
= Contig 47 L RGN
I i [ mr ] LI I I.z—__n.:_ BTl e o et 1 LI
286e60] 2E8670 28680 28690 28700 28710 28720 28730 26740 28750 28760 ZETTL

AtHMAL | 28276| ACAGTAGC TGLAGAGAGTAGATTACGLAR AGCATC AC TTGGTTC TATAGAGTTC ATTACCTCAC TTTTCARATC TGAAGATGARTCTAAAC AGATC AAGGATGCT & |
RCHMAlgenomic | 3275 ACAGTAGC TGAAGAGAGTAGAT TAC GAA R LG AT C A TTGET T TATAGAGTTC AT TACC TCAC TTTTCALATC TGAAGATGALTC TARAC AGATC AAGGATGCT
rcContig 2, 563 TCAGTAGC TGAAGAGAGTAGATTACGARRLGCGTCACTTGGTTC TATAGAGTTCATCACCTCAC TCTTCALATCAGAAGATGAGTC TAAACTGATC ALGGATGCT
Contig 1 185 TCAGTAGC AGAAGCGAGE AGATTACGAALAGCATC ACTTGGTTC TATAGAGTTC ATAAC CTCAC TCTTCARATCAGALAGATGAGTC TCARCAGATCARLGATGCT
(el 516 TCAGTAGC AGAAGCGAGC AGATTACGAALLGC ATCAC TTGGTTC TATAGAGTTCATAACCTCAC TCTTCARATCAGAAGATGAGTCTCAACAGATC AAAGATGCT
Contig 37 I e S R R e .
Contig 23 | 1756 ————— e e
Contigel | 1229 ————
rContig 26, | 1242 ——— = e
Contig31| 1002 ——— o
rcContig 178, | 1834 ——————— - —
Contig 28 | 1304 ————— e
rcContig 118, | 2702 ——————— = — e e
Contig B9 | 1230 ——— e e
rContig 72, | 3338 ——\———-
Contig 71| 2014 ————— e e
Contig 32 £ ]
rcContig 3, | 1063 ——————— = e
Contig 4 = L |

Consensus | 28009 TCAGTAGC TGAAGAGAGTAGATTACGAARASCATCACTTSGTTC TATAGAGTTCAT ACCTCACTCTTCARATCAGAAGATGAGTC TAAACAGATCALSGATGCT
Kl J i
consensus positions: 99, 1% |identit3-' positions: 0,0% |a|n: 28678




Brassica contig alignment to A. thaliana

sequences of interest using AlignX (Vector NTI)

Bl Align X HMA1 - AlignX == x|

Project  Edit View Align Analvses Assemble Tools  “Window Help

ErEFEEER R I
Active Pane: {@ |

gﬂ.tHMﬂl (SUDUI) - +.31 Similarity ; itiy 47 o
2 Euntig 1 (1253) = roiConkig 11, ('D.D36?}|
. Contig 10 {586) roContig 3, (-0.0237)
Contig 100 {1081) _|7 roZontig 26, (0.0332)
- Conkig 1 {-0.0332)

_.[#] Contig 101 {730)
_.[#] contig 102 {896) +0.787 Absolute

Completity roiConkig 173, (0.0420)
_[#]|contig 103 {1404) _izlmn,mzn)
_[#]|contig 104 {1172) — 1 lcontig 32 (-0.0244)
_[#]contig 105 {975) 0414 Cantig 28 (0. 0645)
_[®] contig 106 (1018) o ——:'Zlm)
Abzolute — Contig 21 (-0.0262)

Cankig 4 {-0.0234)

_[%]contig 107 (1872)  _ o e
Ny — | LlJ [Contiq 47] LI L | , I - : \ reContig 118, (0.0757) LI
28660 28670 ZBEB0 ZBEI0 ZE700 ZE7L0 ZE720 ZB730 ZETAD ZB750 ZETED ZETIL

AtHMAL

2B276| ACAGTAGC TGAAGAGAGTAGATTACGAARLGCATCACTTGGTTC TATAGAGTTCATTACCTCAC TTTTCALATC TGAAGATGALTCTAALCAGATCALAGGATGCT &

TCAGTAGC MGAAGCGAGCAGATTACGALL MG AT AT TGGTTC TATAGAGTTC AT AAC CTCAC TCTTCARATCAGARGATGAGTCTCARC AGATCARLGATGCT
TCAGTAGC MGAAGCGLGCAGATTACGAAL MG AT ACTTGGTTC TATAGAGTTCATAACCTCAC TCTTCARATCAGAAGATGAGTCTCARC AGATCARLGATGCT

Contig 23
Contig6l | 1225
rcContig 26, | 1242
Contig 31 | 1002

BAC end sequences within contigs, showing significant sequence g

similarity to A. thaliana HMAs were then selected. —

Luriuy r1 sl -—————--—-——-- """ "-" """ —-—-—-—-- - - - - - - - - - - - - - - - - - — - - —_ - - - - —_ - - —_ - - —_ - —_—_ —_ — — —_—_ — — —_—_—_ — —_— — — — — — —_ — — — — — — ———————
Contig 32 £ ]
rcContig 3, | 1063 ——————— = e
Contig 4 = L |

Consensus ‘ EBEGQDCAGTAGCTGAAGAGAGTJLGATTACGAJLAAGCJLTCACTTGGTTCTATAGAGTTCAT ACCTCACTCTTCARATC AGAAGATGAGTC TALAC AGATCAAGGFATGCT
1 2

consensus positions: 99, 1% |identit3-' positions: 0,0% |a|n: 28678



Brassica contig alignment to A. thaliana
sequences of interest using AlignX (Vector NTI)

Bl Align X HMA1 - AlignX == x|

Project  Edit View Align Analvses Assemble Tools  “Window Help

|
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Active Pane: {@ |

g AtHMA1 (5[":"]1) - +0.31 Similarity = ki 47 |
2 Euntig 1 (1253) roiConkig 11, ('D.D36?}|

uf

. Contig 10 {586) roContig 3, (-0.0237)

Contig 26, (0.0332
_[#] Contig 100 (1081) M reontig 26, | i
Contig 1 {-0.0332)

_[#]Contig 101 {730}

—

<]

_[#]contig 107 (13?2)_|ﬂ et
[ 3

Cankig 4 {-0.0234)

Contig 102 (896) Absolute

Completity roiConkig 173, (0.0420)
_.L#]Contig 103 (1404) rcContig 16, {-0.0420)
_[#]|contig 104 {1172) Contig 32 (-0,0244)

_[#]contig 105 {975)

Contig 28 (0,0648)
_[#]|contig 106 {1018) roconkig 164, {-0,0648)
Abzolute — Contig 21 (-0.0262)

=

[Contig 47) Ll | | roContig 118, {0.0757) Ll

[ | PR T o o Tt 1Y

20660] 28670 28680 28650 25700 28710 28720 26730 25740 28750 28760 28770

AtHMAL | 28270 ACAGTAGC TGAAGAGAGTAGATTACGALL LG ATC A TTGGT TC TAT AGAGT TC AT TACCTCAC TTTTCAAATC TGAAGATGAATC TALRC AGATCALGGATGCT «
Qenoni

TCAG TG AGAA GO GAGC A GATTAC AL G A T A T TG TTC TA T A GAGT T AT AL C T AC T TTCARAT C AGAAGATGAGTC TCALC AGATCALRAGATGCT
TCAGTAGC AGAAGCGAGCAGATTACGAARAGCATC ACTT GG T TC TATAGAGTTC ATAAC CTCAC TC TTCALRATCAGALGATGAGTC TCAACAGATCARRGATGCT
Contig 23
Contig 61

rcContig 26,
Contig 31

Once locus specific HMA paralogues are confirmed we
will screen a new A-genome TILLING population.

Contig 32 7a8
rcContig 3, | 1063
Contig 4 240

Consensus EBEGQLifAGTAGCTGAAGAGAGTAGATTACGAAAAGCATCACTTGGTTCTATAGAGTTCAT ACCTCACTCTTCARATC AGAAGATGAGTC TALAC AGATCAAGGFATGCT
1 2

consensus positions: 99, 1% |identit3-' positions: 0,0% |a|n: 28678



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

Hyperaccumulates:
— Zn >3% SDW.
— Cadmium [Cd] up to 1.5% SDW.




ldentifying NcHMAS

JAtHMA3_genomic_sequence GCAAGAATTATTGATGATTTCAAGATCCAAGGGCCAACAATGATGGTAGG
TCHVMA3_library_probe_sequence TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG
Fosmid_clone_H19P60 TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG

_clone_D15P20 TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG
_clone_C13P94 TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG

B _clone_E24P78 TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG
NFosmid_clone_05P59 TCAAGAATCATCGATGAGTTTATGTCTCAAGGGCCTACAATGATGGTAGG

Ik AkKkhkk hk hhkdkhkhk kk Kk X FhkhkkAhkk Ak h Ak dhkh Ak khk

AtHVMA3_genomic_sequence AGATGGGCTTAACGATGCACCGGCTTTAGCTAAAGCAGACATTGGTATAT
J[TcHMA3_library_probe_sequence AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT
id_clone_H19P60 AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT
_clone_D15P20 AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT
_clone_C13P94 AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT
_clone_E24P78 AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT
Fosmid_clone_05P59 AGACGGGCTTAACGATGCGCCGGCCTTGGCTAAAGCAGACATTGGTATTT

Fhhk KA FAAKAAKAAA KA hhhkhh Kk FhhkAhkhAhkhAkdhkhAhkkx X

NATHVA3_genomic_sequence CCATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGACATCATT
INTCHVA3_library_probe_sequence CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT
Fosmid_clone_H19P60 CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT
_clone_D15P20 CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT
_clone_C13P94 CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT
_clone_E24P78 CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT
id_clone_05P59 CAATGGGGATCTCAGGGTCAGCACTTGCAACAGAGACAGGAGATATCATT

F o AF AR AR A K AR KA AA T A K AA AT Ah T Ak dhhddhdhdhhhhkdh Fhhkkikx

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



ldentifying NcHMAS

¢ They were then further grouped into NcHMA 2, 3 and 4 gene
paralogues by Fosmid fingerprinting

— each clone was digested with EcoRI, Hindlll and BamHI, run in an
agarose gel, blotted onto a nitrocellulose membrane and re-probed
with NcHMA probes.



Work in Progress

Brassica.

¢ We have identified 50 Brassica BACs with homologues off AtHMA1L,
2,3&4.

¢ We are analysing 5 substitution lines frem the AGDH mapping
population for altered Zny..q.

Neccaea caerulescens Ganges: .

¢ We have identified NeHMAS In 16 Eesmids firom the genemic Fesmid
lIBrary.

¢ Ihese Eosmids are being sequenced: using 454" ultra-high-
throughput DNA" pyreseguencing.

¢ \Werare screening 50,0001 fast neutren muitagenised: ViS5 mutants for
rapld cycling ™ phEeReLlyes: e, adapt e futlre: melecular genete
2P PreACHES:

Arziglcloosis inrelliziniel
¢ \We have characterised Salk knockout lines for AtHMAL, 2, 3 and 4.
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