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Salinity - a growing problem in Australia

* 90% of Australian vineyards rely on irrigation

e Salts (Na*and Cl') can build up over time from repeat application
and evaporation of irrigation water containing these ions

e Particular issue in areas of poor water quality, limited water
supply and high evaporative demand

* Predicted to worsen as climate change modelling predicts
lower rainfall and increased extreme heat events in the
future
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Impacts of salinity on grapevines
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- Osmotic stress - roots must work harder to extract
. ° water - stunts growth/reduces yield
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Some rootstocks can limit the translocation
of Na* and Cl-from roots to the shoot




Rootstock breeding strategy
X2 X2

[ Marker Assisted Selection
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{ Traditional selection Other desirable traits
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* First we need to identify markers
New Rootstocks for

Australia ' for Cl- exclusion and Na* exclusion



A test cross for Cl- exclusion
* In 1985 a cross was made between a poor Cl- excluder, K51-40

and a strong Cl- excluder 140 Ruggeri

V. champinii x V. riparia V. berlandieri x V. rupestris
K51-40 X 140 Ruggeri 16 -
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The Plant Accelerator | g e

|/ Rustralian
Plant Phenomics Facility

Automated watering to weight daily - ensures identical salt treatments
Multiple Smarthouses - allows multiple temperature treatments

Daily imaging - allows detailed growth analysis

Salt screen

2 week duration
100mM CI-
60mM Na*

3 reps per
genotype




Results - Cl- exclusion

e Continuous variation suggests control by multiple genes
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Results - Na* accumulation

* Skewed variation suggests control by a major locus

* Transgressive variation implies each parent is heterozygous
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A major QTL for Na* exclusion Chromosme 11 LoD
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HKT — High affinity K* transporter

* Previously shown to be responsible for Na*
exclusion in other crop species

- Wheat, Rice, Tomato, Maize

* HKT1 transporter proteins remove Na* ions
from the xylem flow

e This transport activity reduces the amount of
Na*transported to the leaves

Role of HKT1 in cereals
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Cotsaftis et al., (2012) PLoS ONE 7(7) e39865
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HKT — High affinity K* transporter

e All six of the HKTs in the reference genome are located
in the Na* exclusion locus

 Are one or more responsible for the Na* exclusion trait?

Chromosome 11

15.4 Mb 15.5 Mb 15.6 Mb 15.7 Mb
| | | |
| | | |
) ) - - O =
HKT1.1 HKT1.3 HKT1.2 HKT1.7 HKT1.6 HKT1.8
v Are they expressed X X X X
in roots?

Do these genes encode functional Na*transporters?
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Functional characterisation

Xenopus laevis oocytes
(African clawed frog)

HKT1.1

HKT1 proteins were expressed in oocytes
and then tested for Na* transport
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Four unique alleles of HKT1.1

Amino acid differences between the predicted proteins
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Characterisation of HKT1.1 allelic variants

Do the dominant and recessive alleles encode proteins with
different rates of Na* transport?

140 Ruggeri

| K51-40

| Vini LETE ] 18]
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Yeast toxicity assay

Na* concentration

_ _ in growth medium
* Expression of Na* transporters in yeast &

cells leads to growth inhibition due to 0.5mM 50 mM

toxic levels of Na* uptake Empty
vector

ER

* The extent of growth inhibition reflects
the rate of Na* transport eR
EK
ek
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Which amino acid is responsible?

 We mutagenized and tested the effect of two amino acid residues

EK
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Origins of HKT1.1 alleles

« We sequenced HKT1.1 from accessions of the four parent species to
determine the origin of r=each of the four alleles

K51-40 140 Ruggeri
(V. champinii  x V. riparia) (V. berlandieri  x V. rupestris)
E e EE EE E e
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SNP position based on HKT1;1 coding sequence (bp)
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