Association study of genetic variation with variation in leaf reflectance
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Motivation
Plants are the trophic basis of terrestrial ecosystems and their diversity structures ecological communities. Genetic diversity is a key determinant of adaptive potential for species in
a changing climate, and both plant genetic and species-level diversity has large effects on biodiversity experiments. To determine their importance in natural communities requires
methods for large-scale and long-term monitoring. Remote sensing technologies have this potential. This project seeks to develop the use of remote sensing technologies to
quantify plant genetic diversity, when accounting for differences in measurement conditions and environment.

Experimental Design
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Fig. 4. Measurement
environments.
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c. Jena.
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Table 1. Overview of the datasets

Fig. 1. Conceptual framework for our study connecting spectra,
traits, and genes.

Fig. 3. Conceptual overview. This study characterizes leaf field
spectroradiometer measurements of plants from characterized inbred
lines (recombinant or transgenic) grown in different environments.
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Fig. 5. Multiparent advanced generation
intercross (MAGIC) population and
transgenic lines (TLs).
(a) 26 parental lines (PLs) were used in
a MAGIC design to generate 325
recombinant inbred lines (RILs) [1]. (b)
Gene expression of corresponding TL
was knocked down using inverted
repeat RNA interference.

Fig. 2. Details of an example vegetation reflectance spectrum.
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Fig. 6. Principle components
analysis. (a) The shaded areas
are the confidence interval (95%)
ellipses. (b)-(d) Percentage of (d)
variance explained by each PC.
(e)-(f) Contribution of variables to
PC1, PC2, and PC3 in each
dataset.
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Preliminary results of QTL analysis
indicated eight SNPs correlated with leaf
reflectance across the certain spectral
regions. Further analysis with comparison
between wild type and transgenic lines
would provide more evidence on
pathways that contribute to leaf optical
properties, and improved understanding
of underlying physiological mechanisms.
Fig. 8. The wavelengths and mapped locus that shows significant associations from QTL
analysis, with reflectance at each wavelength as phenotypes.

Remote sensing technologies at higher levels, i.e. canopy level and landscape
level, including airborne and spaceborne instruments, are increasingly being
used for forestry applications as well as ecosystem monitoring[2]. Their ability to
cover large areas in a spatially continuous way offers unique possibilities to
characterize canopy architecture. With the potentials to link remote sensing and
genetic diversity, remote sensing technologies may offer possibilities to
understand changes in biodiversity and ecosystem function.

Fig. 7. Comparison studies of different genotypes and environments. (a)-(c) Among genotypes, within
environment comparison. (d)-(e) Within genotypes, between environment comparison. The green shaded areas
in (c), (e) are the sampled Coefficient of Variance (CV) of the non-reference samples/ reference samples in
Arizona (to have the same sample size with reference samples, we conducted bootstrapping for 100 times).
(f) Within genotypes, within environment comparison.
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Potential for remote sensing applications
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Fig. 9. (a) Example of
collecting airborne
spectral data from the
2021 AVIRIS-NG (JPL,
NASA) Europe
Campaigns.
(b) Example of requiring
spaceborne spectral
data from DESIS,
PRISMA, HISUI.
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