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'he_term_“mics” refers to the comprehensive analysis
of biological systems
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Nature Reviews Genetics 11, 855- 866 (December 2010)



only in about 1900 what was displayed as the
)henotype was able to be associated with its
derlying determination in the genes I.e.
Mendel

\

@ SO relating the phenotype of plants is key to
the Identification and characterisation of
genes underlying important traits



jene with just two alleles (A-a)

dad

AA 2Aa aa

~ Sowehave 3 genotypes and either 2 or 3 phenotypes
(depending on presence of dominance)
that we can identify and link genotype to phenotype
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| ecting the same character say A-a and B-b

aaBB

4 types of gamete
g vV
ving 9 possible different genotypes

AABb, AaBB, AaBb, AAbb, Aabb, aaBB, aaBb, aabb
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Frequency distributions for the phenotypes of families derived from two-true-
breeding parerts for a character showing quantitative variation
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Environmental
effects -
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lationship between plant



’henomic:

tlenecks currently exists, relating:

ck to genotypes or genes - soO
genes or gene complexes
aits we are interested in.

determining the

genes into complete phenotypes and so
~ determining what are the direct and indirect
effects of any particular gene or set of genes
at we change or want to modify.




R. Govindaraju & Stig Omholt. Nature Reviews Genetics 11, 855-

key goal of biology is to understand
phenotypic characteristics, ..........

otypic variation is produced through a
complex web of interactions between
enotype and environment, and such a
genotype-phenotype' map is inaccessible
without the detailed phenotypic data that
allow these interactions to be studied. ........
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[ Def: Phenomics |
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Jenomics
eed plant phenomics.

aging techniques from medicine,
plant scientists new windows into
of living plants

ics will give plat scientists the tools to

‘the information coded in genomes”
ster, Australian Plant Phenomics Facility)
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my view IS It important to develop
Nt phenomics?

ere will be 9 billion people in the

Ve need to produce enough food for this
crease — estimated 70 per cent more food
eded, under more difficult climate
onditions.

D yields need to therefore increase by
about 2.4% per year while In reality they are
Increasing by about 1.2%

e Improve crop yields.
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owever, the pres sure is to reduce levels of
puts and therefore it is essential that these
puts are utilized efficiently.

\nd there Is a consensus that environmental
constraints for crop production will increase
worldwide with GCC




DMICS In crop improvement?



“NENOMmMIcs

1 speed up the evaluation of
Ing automated, high-tech
d computing power.

n cut evaluation time down from weeks
nutes, or even seconds.
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e h e for evaluating,

reases the scale on which it can be done,
antifies characteristics,

eases accuracy




“henomics

thermal imag
_infrared and near-infrared imaging.
fluorescence imaging.
magnetic resonance imaging.
spectral reflectance.
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two Dbasically different ways of
rop plant phenomics

- ld very sophisticated controlled
iIronments with plants in pots on conveyor belts
are automatically moved passed fixed
ation equipment (imager/detector).

| yther I1s to use portable equipment which can
be en to the field and screen material in trials
grown In a traditional way and with replication and
randomisation.
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Plant accelerator
(Univ. of Adelaide)
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Phenomics
T hree-dimensional (3D) imaging

Digital photos of the top and sides of plants are
combined into a 3D image.

Measurements that can be taken using a 3D image
Include:

eshoot mass
eleaf number, shape and angle
eleaf colour

-leaf health. —~—
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Root
Temperature

Viagnenciresonance imaging
(MRI) to study plant roots.

* MRl uses a magnetic field and

radio waves to take images of
roots in the same way as for
Imaging body organs in medicine.

4) joLicH




infrared (NIR) cameras study water
1t and movement in leaves and soil.

e NIR region of the spectrum (900-1550 pm)

Soil NIR measurements are used to
calculate:

e how much water the roots remove from
the soil

« where and how much water the plant is
using.
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can be taken to the field and
grown Iin a traditional way
1domisation.



) Satellites

/3
/; I\'%
/ A
;r’r "::' . . .
/ v High Altitude Airborne
Cross Calibration .gf’; / %%5, :C\
Verification and Validation” AN "“f:
v / S
f"l:" f.-"f "Qﬁ.\h \I::II\'. . .
P e s LOW Altitude Airborne
::, #'If / :Lk, 3 '\“-\"\.




1frared (FIR) imaging 1

sed to study temperature.
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FIR Iimaging can be used for
Individual plants or for
whole crops.






Field Scanning

World®'s first Field Scanalyzer at Rothamsted
Research

A world first for automated measuring of crop growth
and health in the field was installed for Rothamsted
Research in 2015 by LemnaTec GmbH. This is the
world’s largest and most sophisticated facility built
today and will revolutionise the way that crop health and
growth are monitored in the field. The development of

the facility has been supported by Rothamsted Research
and BBSRC.
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ping 384 lines of spring wheat 1
Alejandro del Pozo

anced lines and cultivars from Chile, Uruguay and
agronomic characteristics and disease tolerance
lediterranean environments:

Cauque -'

Rainfed conditions .

S {404




The 384 genotypes have been (genetically
characterized using 28,000 SNPs (genotyping by
sequence)
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typing 384 lines of spring wheat 2
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£ Vo
tral reflectance
. 350-2500 nm

Canopy temperature
(Flir i-40)

physiological traits:  *Agronomic traits:
tive Water Content * Plant height

\  PAR interception * N° ears per m?
(ceptometer) * N° grain per ear
e Stem water soluble e Thousand kernel
CHO weight

e Carbon discrimination e Grain yield



ting tolerance to drought and heat stress of
blueberry germplasm

In the greenhouse
-4 different

response to conditions
likely to occur in the future
under GCC.
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Blueberry spectral analysis can provide necessary wavelengths, for use in multispectral imaging that could be applied in blueberry yield estimation system. Samples of fruit and leaves were obtained from a commercial
blueberry field in Waldo, Florida and an experimental field in Citra, Florida, USA in 2011. Samples were also collected in 2010 in Waldo. Seven representative southern highbush varieties were chosen for the experiment.
Spectral reflectance was measured in the 200-2500 nm with an increment of 1 nm. Samples were divided into leaf, mature fruit, near-mature fruit, near-young fruit and young fruit. Normalised indices were used as the
candidate variables for classification. Each index was composed of the two wavelengths that had the greatest difference in reflectance between two classes. Classification tree, principal component analysis (PCA) and
multinomial logistic regression (MNR) were conducted to develop classification models. An MNR model with six wavelengths (233, 551, 554, 691, 699 and 1373 nm) performed the best for the 2011 dataset, with a prediction
accuracy of 100% for leaf and mature fruit, 97.8% for young fruit, 97.9% for near-young fruit and 94.6% for near-mature fruit. Four wavelengths (553, 688, 698 and 1373 nm) were used in the classification models of two years'
data with four classes (mature fruit, intermediate fruit, young fruit and leaf), and accuracies of 100%, 100%, 99%, and 98.5% were obtained for the classification of leaf, mature fruit, intermediate fruit and young fruit,

re%}_)ectively. An easy-to-use and low cost blueberry fruit detector could thus be developed using multispectral imaging. (
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Mapping tree species
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Qil Palm - plantatlon numbers

98°15'30"E 98°15'35"E
50 100 200 Meters

Panu Srestasathiern and Preesan Rakwatin

Oil Palm Tree Detection with High Resolution Multi-Spectral
Satellite Imagery. Remote Sensing 2014, 6(10), 9749-9774;
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Ganoderma boninense
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Phenomics

General Conclusions

* A lot of work needed to relate phenomic measurements to

plant characteristics
How far this can be taken we still have to discover

Whether it can be developed to give robust predictions of
truly polygenic characters such as yield is still to be
proven.

But it can certainly provide massive automated
determination of certain traits

It can be developed also on a commercial basis for
assessing at least certain characteristics of food and food
products
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