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Methoden und Potenziale der Datenverarbeitung

Umsetzungsstrategien in Pflanzenbau,
Pflanzenerndhrung und Pflanzenziichtung
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~ _Methoden der Datenverarbeitung

1. Genomsequenzierung (NGS)

L

2. Genomische Pradiktion (GP)

B 0 NS 7 NI B S  )

3. Genom-Editierung (GE)

4. Hochdurchsatzphanotypisierung (HTPP)
im Feld und im Gewachshaus

5. Modellierung (Machine Learning, ML)

6. Datenintegration Systembiologie
(Genom - Transkriptom - Proteom - Metabolom - Phanom)




1. Genomsequenzierung: Sanger vs. NGS

$100M

——

S$S1K

20012002 2003 2004

by BAC

% BAC

Genome sizes

<270 Mbp  Anbidopsis Unif:)in';\::l)mato
270 — 600 Mbp rice pening
6011500 Mbp potato barley Rice grain
. ield
>1500 Mbp maize maize \ y

: Sugar beet \ 7 @ ° potato flowering

% flowering .. ® ° soy flowering
Rice grain \
production ! \_ tomato

-

L) )
2000 2001 2002 .. 2006 2007
»

o
20(3/2009 2010 2011
/, y ;’

v
2012 2013
.

Whole genome shotgun

o ] yi

Current Opinion in Biotechnology

Bolger e al. 2014 Curr Op Biotech

Next Generation Sequencin

e nilive= | o yonlives Moaions 1 syssimony | s, i | s | s | eostmews | nsngioony | oo | i | oo

2005 2006 2007 2008

2009 2010 2011 2012 2013 2014 2015

Number of
genomes

100

1,000

10,000

100,000

Sequencing approach

Long-read
sequencing
- Core genomes
- Pan-genomes

Linked-read and
whole-genome sequencing
- Haplotypes
- Structural variation

Whole-genome skimming
Haplotypes

Exome sequencing and
genotyping by sequencing
= SNPs
= Alleles

Bevan et al. 2017, Nature
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1. Genomsequenzierung:

Nachweis von AIIeI-Fixierungen im Gerstengenom
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1. Genomsequenzierung: Haplotype calling

Locus 5 = 4 Gene mit 28 SNPs definieren 3 Haplotypen
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Die nested association mapping (NAM)-
Population HEB-25 besteht aus 1.420 Genotypen
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HEB-25 (Halle exotic barley) = 25 Familien mit 1.420 NAM lines in BC,S;

Erwartete Segregation pro Locus: 72% : 6% : 22% (Hv : het : Hsp)
Maurer et al. 2015, BMC Genomics
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Genetische Diversitat von 1.420 HEB-Linien, Barke
und 25 HEB-Donoren, geschatzt mit 5.727 iSELECT SNPs
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Der GWAS Manhattan Bi-Plot lokalisiert 8 Haupt-QTL,
welche den Bliihzeitpunkt in HEB-25 kontrollieren
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11 Ppd-H1-Haplotypen zeigen allelische Variation
in der Bliithzeitpunkt-Antwort (A,,,, = 10 Tage)
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Trainingspopulation 2. Genomische Pradiktion (GP)

Selektion
nach GEBV

SNP Genotypes g

\

es
vl Ridge

(K) regression

(A) Estimation GEBV

Jonas et al. 2013, Trends Biotech

TRENDS in Biotechnology
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2. Genomische Pradiktion (GP): Vorhersage des

Mais-Ertrags mit SNPs bzw. Metaboliten

DRY-MATTER YIELD

Predicted GCA for dry matter yield (t/ha)

-3.5
* 75% Korrekte Vorhersagen
QTLs fiir 9 Metabolite,
* 12% Falsch-Negative . . .
i : lokalisiert (rote Punkte) mittels GWAS
s T T T 1
-7.0 -3.5 0 a5 7.0 O-Acetylserine y-Aminobutyric acid Catfeic acid
Observed GCA for dry matter yield (t/ha) Y ; 8 . ;
i : fe 4 i :
d 4 L S e
Table 1 Summary of whole-genome and metabolic prediction 52- §2‘:- : £, gl gt
snps (N=37k) Metabolites (N=130) . 0 LR
2 2 23456780900 234856780900 |2%"l$6739l0
GCA h&ca Wiy TGy fg.g) s.d. TGy Mgy S b - s
Dry matter yield 089 073 074 0.78 0.07 048 060 0.11 10 .o ] ’
Plant height 0.95 0.72 0.70 0.72 0.06 0.52 0.63 0.10 %: . évo‘ % o
Q o Q6 :
Dry matter concentration 0.96 0.72 0.78 0.80 0.07 0.66 0.79  0.06 541 35 ) . g4 ;
Female flowering 0.98 0.71 0.80 0.81 0.06 0.67 0.80 0.07 : ‘ . i owiw R :
Starch content 093 073 070 073 007 059 071 007 T2 Evomosoma’ © °° T2 Gvomosoma’ © T2 Gvomosoma’ © 01
Sugar content 0.94 0.74 0.69 0.72 0.06 0.55 0.67 0.09 £ oepharlc ackd monommd! ester Aol : Tyrosing
Lignin content 0.82 0.73 0.72 0.80 0.05 0.50 0.64 0.10 3o i:; g
$ o S
Predictive abilities ry ) and prediction accuracies rs ) averaged over all cross-validation runs and their s.d. are shown $3e. £ 2ot $° . ” i
for models using either SNPE T TETaDOTTES. Femabmites of the predicted traits (3pp) are given as well as the re- 2o tag 4 g ; T ;
peatabilities of the used metabolic profile (wj) calculated as the weighted sum of the repeatabilities of the individual ° 0
metabolites(see Online Methods). 2 é"l 5678910 233456780810 23356780610
Riedelsheimer et al. 2012, Nature Riedelsheimer et al. 2012, PNAS
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2. Modellierung: Machine Learning (ML)

Input dataset

Microarray data at
6 time points of
salt treatment

Raw data
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Table I. Representative machine-learning algorithms and R packages

Algorithms and methods Software packages in R

Classification

Regression

Clustering

Feature selection

Dimensionality reduction
Ensemble learning
Network analysis

Density estimation

Nearest neighbor methods, linear discriminant analysis, quadratic
discriminant analysis, logistic regression, naive Bayes classifier,
support vector machine (SVM), classification trees, neural nets
Least squares, linear models, ridge regression, additive models,
generalized additive model, nearest neighbor methods, regression
trees, project pursuit regression kernel methods, local regression,
splines, wavelet smoothing, Bayesian models

K-means clustering, spectral clustering, hierarchical clustering, self-
organizing maps, association rules, multidimensional scaling,
independent component analysis, local multidimensional scaling
Best subset selection, forward selection, least angle regression,
shrinkage methods: lasso, elastic net, group lasso, fused lasso, sure
independence screening

Principal component analysis (PCA), factor analysis, kernel PCA,
partial least squares

Boosting methods, bagging, random forest, additive regression

Gaussian graphical models, Bayes networks

Kernel density estimation

knn, knn1, gim2, kernsvm, svmpath, CART,
e1071, nnet, gcdnet, tree, randomForest,
sda, rda, penalizedLDA

Im, gam, knn, splines, locfit, mgcv,
polyspline, earth, cosso

Kclust, cluster, fastcluster, sparseBC, sparcl,
pvclust

Regsubsets, LAR, glmnet, elasticnet,
glmpath, gglasso, Sparsenet, penalizedLDA

pca, pls, mda, elasticnet, Ipc

Adaboost, randomForest, ada, adabag,
erboost, mart

bnlearn, JGL, GGMselect, lvgm, gRain,
gRim, gRbase

KernSmooth

MLU Halle @y
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3. Genom-Editierung (GE)

Die CRISPR/Cas9
(Clustered Regularly Interspaced
Short Palindromic Repeats)

Cas9
sgRNA s
protospacer
5" -CACTCGACCAT
LELELLLELEEEirnntll
TGAGCTGGTAG' CC
Genpmische Ruve
g:|||||||||||||||| IIIIIIIIIIlIIIIIg:
Ziel-DNA HNH
Current Opinion in Plant Biology
(a) %{’ (b) Y
l
!
(c) ¥ (d) P 3
c— l
)
Current Opinion in Plant Biology

a) Homologe Rekombination (HR)
b-d) Nicht-homologe Endpaarung (NHEJ)

Puchta 2017, Curr Op Plant Biol

1. Select genomic target
a. 20 bp sequence followed by the PAM (NGG)

b. Use online tools to minimize off-targeting

2. Design sgRNA

a. sgRNA is expressed using a small RNA
promotor, such as Uép or U3p

b. First nucleotide in the guide sequence is a “G",

if U6p is used, or an “A”, if U3p is used

c. Guide sequence should match the target,
except for the first nuclectide (5’ G or A) that
does not have to match

3. Assemble Cas9/sgRNA construct

4. Deliver to plants

a. Protoplast tranformation

b. Agrobacterium transformation

c. Callus bombardment

5. Regenerate and screen transgenic
plants for gene editing events

Genomic
target

... NNIN NN NNN NN NNN NNH NNRNNN GGNNNN. .
target sequence PAM
(20bp)

v
[ Us 2 uiio | sgANA basktone |
v

guide sequence

@NNNNNNNNNNNNNNNNNNN
G(N,;) sgRNA backbone

}

Assembly of
sgRNA and Cas9

Delivery to plants

Screening for mutants

I T 1
e v seqere 65

RE

CELlorT7

-+
- - M\{\N\/\MW\/\

Current Opinion in Biotechnology

Belhaj et al. 2015, Curr Op Biotech
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3. Genom-Editierung:
Zunahme der Tomaten-Fruchtgrofe durch
Variation der Promotorsequenz des CLAVATA 3-Gens

A I CLAVATA3 ~500 g
1 —
W WUSCHEL Domestication 4
—————
fas (SICLV3) L4 .
Ie (SIWUS) ]

T
4
N4
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S. lycopersicum

Wild ancestor
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LP i
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é 7
4 d ¥
” SASCAT =
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(Solyc11g071380)
gRNAs ATG 500 bp

. —

2 Kbp target region —*R

Rodriguez-Leal et al. 2017, Cell

1. Yield traits
(tomato locule number/fruit size)

o @ QO
wild

species domesticated null mutation

Limited quantitative variation

2. CRISPR/Cas9
cis-regulatory mutagenesis

(> (P4 P
Multiplex design

3. Sensitized genetic screen

@ x

wild type

transgenic

biallelic

WT promoter targeting
inherited mutant allele

-n
—
I
«* “

allele1 -
allele 2 —— ——

allele 3 ——

allele 4
allele 5

4. Continuum of engineered trait variation
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4. Hochdurchsatz-Phanotypisierung im Feld

Nanostaellites
&
microsatellites
50km - 400km
Manned aerial
vehides
100m-4000m
serorvenices | [ A~ g ' 1 High Throughput Phenotyping
= Accelerating Crop Breeding and Monitoring Diseases In The Field
10m-200m
Stationary
platforms
L = | |
Groung
o Phenotyping —*} Computation
: Screen fo Inform:
. 3 - ——— s C Visi IN a g
Ehenomables —————— Phycigcal e Gasgrapric Iiomation Systom (B9
Crop Models / Algorithms
Groung
ievel
r I =
Phenopoles L ]
— : i
.
Araus et al. 2018, Trends Plant Sci

Cameras Shakoor et al. 2017, Curr Op Plant Biol
Hyperspectral
-
VIS NIR/SWIR
& . IR B TIR/LWIR
E = T T
LI I R A D R Y R D R D R D R I R D R A N I N I I I I I O D D D D D R R e
400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 7.5-13x10°
Wavelength (nm)
uv Visible Near-infrared Short-wave infrared Long-wave
infrared
Water content mm L s h s R s I
Temperature EE—
mmm Chlorophyll content, photosystem Il quantum efficiency
Gurrent Opinion in Plant Biology

Falgren et al. 2015, Curr Op Plant Biol
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4. Hochdurchsatz-Phanotypisierung im Feld

RGB/CIR Kamera (= NDVI)

Multispektral-Kamera (- Pflanzenentwicklung)
(Mono lens camera ADC Lite) (Six lens camera miniMCA-6)

a @
T
2y
tl.
9
.
-~
t

Ade
i 14
£l
|
&
NN

(Microhyperspec VNIR,

(8 -14 um
923 bands, 380-1000 nm) -20 - 200 °C) Araus et al. 2014, Trends Plant Sci
MLU Halle @& Prof. Klaus Pillen, Hiilsenberger Gespriiche, Hamburg, 12.-13.06.2018
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AgRover-Versuche Halle 2016, HEB-25

AgRover HEBZ25

"

HySpex
SWIR 384 (1000-2500 nm)

Standort Halle

1,00 O O O [ I
ol ¥ Vv Y VY
& 080 { onp % B "
Merkmal § 0,70 - s55 EG,C’ 35 3%3. 8%3
Schossen (BBCH 31) E 0,60 | : Qi Il | ?‘ al -
Vegetative Phase E 050 HS — = 2 : S
Bluite (BBCH 49) E 0,40 o> I =5
Generative Phase % 0,30 oy
Reife (BBCH 87) @ 0,20 |
Pflanzenhdhe 0,10 - '
Ahren pro gm 0,00 - - = —
Kornzahl pro Ahre SHO SEL HEA RIP MAT HEl EAR GEA TGW
Tausendkorngewicht ® Fahrt B(31.05.2016)  ® Fahrt C(10.06.2016)  ® Fahrt D (09.08.2016)

BestimmtheitsmaRe (R2) fiir 9 agronomische Merkmale fir die Messfahrten B (31.05.2016) und C (10.06.2016)
und D (09.08.2016) am Standort Halle. Rote Linie: cut off bei R?=0,5.

MLU Halle @& Prof. Klaus Pillen, Hiilsenberger Gespriiche, Hamburg, 12.-13.06.2018 17
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AgRover-Versuche Halle 2016, HEB-25
Giysipex HEBSZS)

HySpex
SWIR 384

R2y, = 0,94

13 powder
W grain

=1
~

062 ge061

e
=]

R (BestimmtheitsmaR)
= =
= w

0,3 -

Stationiire Hyspex-Messvorrichtung

0,1

0

N 5 Fe P Al Ca In Mg Cu B Cd K Mn Na C Se Mo

Schatzgenauigkeit (R2) der Gehalte von 17 Mikro- und Makrondhrstoffen im Ganzkorn bzw. im Mehl mittels
Hyperspektralanalyse und nichtlinearer Modellierung, basierend auf CN-Analyzer bzw. ICP-OES-Analyse von

Vergleichsproben. Bestimmung der Schatzgenauigkeit (R?) mittels leave one out Validierung (N=250). Rote Linie:
i R2=0,5.

MLU Halle™™ €& Prc;f. Klaus Pillen, Hiilsenberger Gespréiiche, Haomburg, 12.-13.06.2018 18



4. Hochdurchsatz-Phanotypisierung im Gewachshaus

Phenotyping platform Data aquisition
A B c
Environmental data (sensors) Leaf area/biovolume
Transpiration rates (1000s plants)
12 images/plant "
TN [~ a
f R T
10 20 30 40 50
e d T Time (d)
3.50
- (r=0.98) 7 3D plants and light interception
250
=
w 2.00
= s
£ 150 -
A 100 o
j*’drought
0.50 .
0.00
0 1000 2000 3000 4000

Shoot Area in kiloPixel

Honsdorf et al. 2014, PLOS ONE
Tardieu et al. 2017, Curr Biol Rev
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Hochdurchsatz-Phanotypisierung im Gewachshaus

THE UNIVERSITY

of AD E LA I D E f Australian

Plant Phenomics Facility
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Honsdorf et al. 2014, PLOS ONE
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5. Modellierung: Machine Learning (ML)

. ==

Machine Learning Algorithms:

* BC, Bayes classifier;

* K-means, K-means clustering;

* K-NN, k-nearest neighbor
classifier;

* LDA, linear discriminant analysis;

* RF random forests;

* SOM, self-organizing map;

* SVM, support vector machine.

* ANN, artificial neural network;

/ Identification Classification \

Apple, barley,

(B) 1. !dentification 2 . Classification

) -
IDCClass1  IDC Class 2 IDCClass 3

Sudden death  '"on Bacterial
syndrome (SDs)  deficiency pustule (nostress)  (moderate  (completely citrus, chili bidopsi
{biotic chlorosis (biotic stress) stressed) e o ?t:;i i eops:
(IDC) (abiotic clover, oilseed peppet;
stress) stress) ANN : clover,
stress) A fape, archid, oilseed rape,
P % e Qs Hce; sploach LDA/ sugar beet, )
3 . Quantification A, Prediction b et apA tomato

sunflower,
mato, wheat

IDC (% severity examples)

- Weather data

ML
Stress image algorithm

: Early Quantification Prediction
sLTak Stress severity Modeling stress =
- e prediction - e
S R olive, tomato.
Stuerty sevrity
Singh et al. 2016, Trends Plant Sci
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6. Big Data-Integration Systembiologie

INPUT
Integration

Daten und Wissen

Knowledge integration
Signaling

Data integration
Signaling

Cellular KEGG

localization pathway
Enzvme’ Other

Transcription

Cell-specific

PROCESSING - OUTPUT
Machine Learning Omics-Anwendung

Machine learning

e.g. Weka,
Scikit-learn,
Shogun,
Mipy,
Mlpack,
Apache Mahout,
MI-hadoop,
MLlib,
and Oryx.

Model evaluation
Training set,
testing set,
tuning set,
cross validation

Big data analysis ToolMart

!

Big data-assisted basic research

Data preprocess

Data cleansing,
transformation,
normalization,
redundancy removal,
data resampling,
feature selection

Figure I. A platform for machine learning-based Big Data analytics in plants.

BIOLOGISCHE
FRAGE
Trait-Vorhersage

|

Big data-assisted translational research

TRENDS in Plant Science

Ma et al. 2014, Trends Plant Sci

MLU Halle
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6. Datenintegration Sytembiologie:

Phanom-, Transkriptom- und Metabolom-Analyse in Tomate

A multi-omics view of tomato breeding

Varlome

610 lines
26,273,368 SNPs

PIM (~ 2g)

eQTL
2,566 cis-eQTL mGWAS
93,587 trans-eQTL 3,526 signals

Domestication

selection of 5 loci
45 steroidal
Pearson correlation ycoalka|0|ds
232,934 correlations

Transcriptome Metabolome

399 lines 442 lines

~30k genes 980 metabolites
CER (~ 10g)
Improvement

fw11.3 hitchhiking
8 metabolites

Introgression Divergence
Tm-22 linkage drag > myb12

Wild 127 metabolites BIG 122 metabolites Pink
species ~100g)

Zhu et al. 2018, Cell
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Steigerung der Effizienz in der Pflanzenziichtung
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Araus et al. 2018, Trends Plant Sci
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? Potentiale der Datenverarbeitung .

|

Genomsequenzierung (NGS)
Genomische Pradiktion (GP)
Genom-Editierung (GE)
Hochdurchsatzphanotypisierung (HTPP)
Modellierung

Datenintegration Systembiologie

B Sy N

7. Erhebliche Erweiterung des Verstandnisses tiber
Pflanzenwachstum und Ertragsbildung
(> molekulare sowie raumlich-zeitliche Modellierung)

8. Reduktion der Kosten der Datenerhebung
(= Genom & Phianom)

9. Steigerung der Effizienz in der Ziichtung
(= Genomische Pradiktion, Selektionsgewinn pro Jahr)




MLU Halle

€8> Prof. Klaus Pillen, Hiilsenberger Gespréiche, Hamburg, 12.-13.06.2018

26



Genomische Pridiktion (GP)

I (A) Training the model g pondlation

l l

. e F=~‘ - .
Training sets ‘Validation sets

‘Validation set

Training set_2

> Training the model

(B) The expected prediction accuracy (r,)

—> Training population =~ —> True breeding values (TBVs) —

)
Prediction accuracy 4= KGEBVS,TBVS)
A
[ o0 '~ Genomic estimation
—> [ Breeding population  ——>- [ ding values (GEBVS)
Selection
~ decision
Desta et al. 2014, Trends Plant Sci TRENDS in Plant Science
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Datenintegration (Klima, Boden, Diingung,

Pflanzenschutz. Landtechnik, Genotyp)

Genome-wide selection
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Langridge & Fleury 2011, Trends Biotech
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Genom-Editierung: CRISP/Cas9 Mutationsgenerierung

Fig. 1. Programmable RNA-guided genome DNA editing by CRISPR/Cas9 has been exploited in numerous diverse applications, some of which are shown.

* KO or Indel mutation by NHEJ

* Precise editing by HR

* Genome wide editing by NHEJ

* Chromosome rearrangement

* Truncated RNA with low off
target effect

CRISPR/Cas9

CRISPR/nCas9

Application
Functional genome research
Genome wide new gene discovery
New germplasm creation and stably
improvement

Elite germplasm simulation

Viral or pathogen gene disruption
Synthetic biology tools

CRISPR/dCas9

* Precise editing by HR

* Transcriptional activation/repression

* Paired nickase with low off
target effect

* Precise point mutation with

deaminase

Liu et al. 2017, Methods

-CRISPRiI

- VP64/KRAB

- MS2 gRNA aptamer+ P65HSF1/SRDX
* Genome locus labeling
* Epigenetic regulation
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Hochdurchsatz-Phanotypisierung im Feld

A X-ray CT phenotyping platform B CT cross-section data

HP organ Whole plants

Roots in soil; 25 pm resolution

D Quantification of root traits

Leaf,
leaf area
— Quantification of global and local root system traits for plant
Root system of maize .
phenotyping
E Response to environmental signals F Simulate uptake efficiency
Roots,

transpiration

Current Biology

Soil-root and root-root interaction CT data embedded in a finite element mesh
Current Biology

Tardieu et al. 2017, Curr Biol Rev
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Hochdurchsatz-Phanotypisierung im Gewachshaus

B Balance
Watering
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g S VIS a N+S
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' |

Junker et al. 2015, Front Plant Sci
Prof. Klaus Pillen, Hiilsenberger Gespréiche, Hamburg, 12.-13.06.2018 31

MLU Halle @&




\\\\\\\

X

Barley NAM population HEB-25

2. Genetic control of plant develqgme‘ﬁi

5

Gmﬁé;'éontrol of cell wall formation




Correlation between heading & yield components

- Halle Ol Akarak RSN

Heading Heading Heading YLD = Yield
+N fert. -N fert. +N fert. -N fert. +Irriga. -Irriga. EAR = # of ears

yLD €0.59%**30.66*** d YLD 0.32* 0.20 m YLD 030¢  C072** > GNE=#of grains

TGW = Grain weig

a® = Heading
= -Salt +Salt

YLD (0.51%F7Y-0.44%F)

Adelaide

AR Heading
B -Drought  +Drought

YD (T57 5L D

. * = p-value < 0.05
Data : LSMeans; 5 Locs; 2015 & 2016; 48 HEB-YLD lines ** = p-value < 0.01

*** = p-value < 0.001



Effect of substitution two elite alleles by two exotic alleles [unit of trait]

Effects of Ppd-H1 on heading and yield

HEA
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Trait
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Table 1

Summary of commercially available SNP genotyping platforms.

Genomsequenzierung: SNP calling

Platform Provider Assay type Technology Throughput Multiplexing
Tagman Applied Biosystems PCR Tagman probe ~1536/day ~256
SNPlex Applied Biosystems PCR Capillary electrophoresis ~1536/3 days ~48
BioMark HD Fluidigm PCR Microfluid-based chips ~96/3h ~96
KASPar LGC PCR FRET quenching oligos ~96/day Not available
Axiom Biobank Affymetrix Hybridization Oligo nucleotide array ~96/5 days ~B650K
Infinium II Illumina Hybridization Bead array ~128/5 days ~700K
GoldenGate llumina Primer extension Bead array ~172/3 days ~1536
iPlex Sequenome Primer extension Mass spectrometry ~3840/2.5 days ~40
Table 2
Representative GBS protocols published in peer-reviewed journals.
Method Restriction Insert size Barcodes Sequencing platform Sequencing mode Reference
enzyme
RAD-seq (Restriction association DNA sequencing) Sbfl or EcoRI Size-selection ~96 [llumina Paired-end [5]
MSG (Multiplex shotgun genotyping) Msel Size-selection ~384 [lMlumina Single-end 6]
GBS (Genotype by §equen_cing) ApeKl <350 bp ~384 [llumina Paired-end (4]
Double-digested RAD-seq EcoRI and Mspl Size-selection ~48 [llumina Paired-end [42]
Double-digested GBS Pstl and Mspl <350bp ~384 [lMlumina Paired-end 7]
lon Torrent GBS Pstl and Mspl <350 bp ~384 lon Torrent Paired-end [43]
SBG (Sequence-based genotyping) EcoRI and Msel Size-selection ~32 [llumina Paired-end (8]
- Pstl and Msel
REST-seq (Restriction fragment sequencing) Taql and Trul Size-selection  ~305 [on Torrent Paired-end (9]
Restriction enzyme sequence comparative analysis Msel or Nlalll Size-selection ~96 [llumina Paired-end [10]

Kim et al. 2016, Plant Sci
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Systembiologie

e e Y T e

Phanom

SELECTION APPROACH Physiological characterization/remote sensing
Biochemical Marker assisted Genomic
markers selection selection

w
L, (7]
©
g
S
" , , Complex traits o
o _’ fS|mple traits multiple gene k-]
© ; ew major genes [T}
% -~ Metabolite jorg =
o >
) o
“ 4y tv I :
(8]
=
o
— Regulatory factors 8
< * Hormones o

Genes * Transcription factors

Current Opinion in Plant Biology
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Systembiologie

Phanom

Genetic resources and technologies for next generation breeding
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Systembiologie

R e S

Jez et al. 2016, Science

Phanom

Metabolic

engineering .

Pathway/ @ Organelle, cell,
network models tissue specific
) expression

Synthetic
biology

Phenotyping
& imaging
Monitoring
& field
experiment
tech
Marker-
assisted
breeding

Fig. 1. Modern research tools support a cycle of discovery spanning
atoms to ecosystems.

Protein
engineering

Gene silencing
& editing

Next-gen
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Jez et al. 2016, Science

Systembiologie

Nitrogen A\ — Phosphorous

-

Nitrogen fixation Uptake
Assimilation
Storage

B
, Engineering Soil chemistry
i challenge | Microbes
§ Nitrogenase | Enhanced
i Nodulation | s efficiency
i symbiosis | p; Enhanced root
S i Nodule-free | structure
N © association Altered phosphorous
/thfzobium form prosp

Fig. 2. Improving nitrogen and phosphorus use. (Left) Legume-Rhizobium symbiosis leads to nodule
formation and nitrogen fixation. (Right) In nonlegume plants, nitrogen-related pathways are targets for
breeding and genetic engineering. Different strategies for engineering nitrogen fixation are indicated.
Most phosphorus is lost, but alterations of root structure and engineered pathways that select for
phosphorus forms can enhance efficiency.
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Systembiologie

Phanom

Sunlight ) ( Water

&
L/ T\4 <

k Plant stress systems

Light capture
Antenna Chaperones
Carbon fixation Osmoprotectants
RUBisCO Hormones
Redox environment

C3vsC4
photosynthesis

) Control point
Leaf architecture

R
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@@O

Fig. 3. Improving carbon fixation and water use. Breeding efforts to alter leaves and engineering
of photosynthesis aim to improve the efficiency of carbon fixation. The multigenic nature of water-
stress—related pathways requires researchers to target key control points that alter multiple other
steps in various response/protective networks.

Jez et al. 2016, Science
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Systembiologie

Protein Degradation
Sumoyilation

-|G?H HSE HABRE

ABA sensitivity

Protein .
Kinase C' Regulation of
stomatal aperture

FIGURE 1| A schematic model of the transcriptional regulation of different TFs playing key roles in cellular dehydration in plants.
PP2C-PYR/PYL/RCAR complex positively regulates AREB/ABF-SnRK2 pathway. SnRK2s further modulate other TFs downstream including AREB/ABFs,
FBH3/AKS1, and SNS1 during stress as well as seed maturation. Phosphorylated AREB/ABF TFs, AREB1, AREB2, ABF3, and ABF1 bind to the promoter region of
target genes and activate their expression in response to dehydration stress. GRF7 suppresses the expression of DREB2A, which is a key TF in ABA-independent
gene expression. Broken lines indicate possible roles. PP2C-PYR/PYL/RCAR, pyrabactin resistance1/PYR1-like/regulatory components of ABA receptors; PP2C,
protein phosphatase 2C; CE, coupling element; GTE, GRF7-targeting cis element; HSE, heat shock element; TFs, transcription factors.

hi et al. 2016, Front Plant Science
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Phyto Nano Technology
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Phyto Nano Technology
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Phyto Nano Technology

, 2016, Trends Plant Sci
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wWiid relatve Landrace clite

Genomsequ nzierung (NGS)

Bevan et al. 2017, Nature
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Genomsequenzierung (NGS)
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Genomische Pradiktion (GP)

GGT

CSSL Finder

PowerCore
MMA
maxRec
SPCLUST
iMAS
IciMapping
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GenAlEx
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_PLABQTL CloudMap
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Hochdurchsatz-Phanotypisierung im Feld

Attributes

Environmental
Sensor
Network

Autonomous
Ground
Vehicle (AGV)

Tractor-Based
Phenotyping

Phenotyping
Tower

Field Scanning
Platforms

Unmanned
Aerial Vehicles
(UAVS)

Aerial Sensing
(Zeppelin/
Plane)

Spectral
Satellite
Imaging

Phenotyping
Scale

Individual
Plant / Plot

Individual
Plant / Plot

Individual
Plant / Plot

Individual
Plant / Plot

Individual
Plant / Plot /
Field

Plot / Field

Plot / Field

Plot / Field

Sensor
Payload Size

Small /
Medium

Medium

Medium /
Large

Small /
Medium

Large

Can Be
Autonomous?

Data Post-
Processing

Moderate

Light /
Moderate

Significant

Moderate

Moderate

Significant

Data
Collection
Interval

Continuous

Continuous

Continuous /
Daily

Platform
Accessibility

Medium /
High

Medium

Low /
Medium

*Dependent on environmental conditions
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Hochdurchsatz-Phanotypisierung im Feld

Examples of
Potential Applications

Disease/Pathogen Assessment

References for
Disease/Pathogen
Assessment

RGB / Stereo RGB

biomass, morphology, height, leaf
area and surface normal angles,
disease symptoms, growth dynamics,
yield traits, panicle traits, root
architecture, germination rates,
flowering time

Cotton: Bacternial angular (Xanthomonas campestris),
Ascochyta blight (Ascochyta gossypii); Sugar beet:
Cercospora leaf spot (Cercospora beticola), Sugar beet
rust (Uromyces betae), Ramularia leaf spot (Ramularia
beticola), Phoma leaf spot (Phoma betae), Bacterial leaf
spot (Pseudomonas syringae pv. Aptata); Grapefruit:
Citrus canker (Xanthomonas axonopodis); Tobacco:
Anthracnose (Colletotrichum destructivum); Apple:
Apple scab (Venturia inaequalis); Canadian golden-
rod: Rust (Coleosporium asterum); Potato: Late blight
(Phytophthora infestans)

Camargo and Smith (2009);
Neumann et al. (2014);
Bock et al. (2008);
Wijekoon et al. (2008);
Sugiura et al. (2016)

3D Laser Scanner

plant architecture: height, leaf area,
leaf angle distributions, canopy
structure

Sugar beet: Cercospora leaf spot (Cercospora beticola);
0il palm: Basal stem rot (Ganoderma lucidum)

Roscher et al. (2016);
Khosrokhani et al. (2016)

Multispectral

senescence evaluation, nutrient status,
pigment degradation, photosynthetic
efficiency, water content

Avocado: Laurel wilt (Raffaelea lauricola)
Citrus: Citrus black spot (Guignardia citricarpa)
Cassava: Cassava mosaic virus

de Castro et al. (2015);
Pourreza et al. (2016);

Thermal Infrared
(IR)

transpiration, heat stress, leaf
senescence, leaf/canopy temperature,
water stress, disease, and pathogen
detection, evaluating fruit/vegetable
maturity, and bruise detection

Sugar beet: Cercospora leaf spot (Cercospora beti-
cola); Cucumber: Downy mildew (Pseudoperonospo-
ra cubensis), Powdery mildew (Podosphaera xanthii);
Apple: Apple scab (Venturia inaequalis)

Olive: Verticillium wilt (Verticillium dahliae)

Chaerle et al. (2004);
Berdugo et al. (2014);
Oerke et al. (2006);
Oerke et al. (2011);
Calderdn et al. (2015)

Near Infrared (NIR)
700-1100nm

transpiration, water content heat
stress, NDVI, leaf area index

Barley: Powdery mildew (Blumeria graminis hordei)
Wheat: Powdery mildew (Blumeria graminis . sp. Tritici)

Kuska et al. (2015);
Cao et al. (2015)

Visual-Near IR
(VNIR)
380-1000nm

vegetation indices, leaf structure,
lignin/flavonoid contents, leaf and
canopy water status, leaf senescence,
chlorophyll fluorescence, vegetation
indices

Barley: Net blotch (Pyrenophora teres), Brown rust
(Puccinia hordei), Powdery mildew (Blumeria graminis
hordei); Sugarcane: Orange rust (Puccinia kuehnii);
Wheat: Head blight (Fusarium graminearum);
Almond: Red leaf blotch (Polystigma amygdalinum)

Wahabzada et al. (2015);
Apan et al. (2004);
Bauriegel et al, (2011);
Lépez-Lopez et al. (2016)

ShortWave IR
(SWIR)
900-2500nm

water, lignin, cellulose contents,
fluorescence, vegetation indices

Barley: Net blotch (Pyrencphora teres), Brown rust
(Puccinia hordei), Powdery mildew (Blumeria graminis
hordei); Apple: Apple scab [Venturia inaequalis);
Maize: Phagosphaeria leal spot (Phaeospharia maydis)

Wahabzada et al. (2015);
Delalieux et al. (2007);
Adam et. Al (2017)

Flucrescence

photosynthetic status, quantum yield,
non-photochemical quenching Fv/Fm,
heat or drought stress, architecture
leaf/plant health

Wheat: Leaf rust (Puccinia triticina), Powdery mildew
(Blumeria graminis f. sp. tritici); Sugar beet:
Cercospora leaf spot (Cercospora beticola); Bean:
Common bacterial blight (Xanthomonas fuscans
subsp. fuscans); Lettuce: Downy mildew (Bremia
lactucae); Rice: Leaf scald (Monographella albescens)

Burling et al. (2011);
Chaerle et al. (2004, 2007);
Konanz et al. (2014);
Rousseau et al. (2013):
Bauriegel et al. (2014);
Brabandt et al. (2014);
Tatagiba et al. (2015)

Source: Updated from Mahlein (2016). Reference list for Disease/Pathogen Assessment is not comprehensive
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Modellierung (Pflanze, Bestand, Betrieb)
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TRENDS in Plant Science

Figure 3. Summary of the different components of the breeding process where high-throughput phenotyping is involved. These include evaluation of key traits at the right
moment, assessment of spatial variability, environmental characterization, and further integration of all the information.

Araus et al. 2014, Trends Plant Sci
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Datenmtegratlon (Klima, Boden, Diingung,
Pf i |

sV VN Af?%g %ﬁﬁﬁg

, Genotyp)

Phenological stage
Counting 1 2 3
; i @
Monitoring 1 2 3 4 5 6 7 8 9 10 11
o —0 0 @ ® o 000080
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Disease / senesence monitoring
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3D reconstruction

@

s Plant Sci
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Datenintegration (Klima, Boden, Diingung,
Pflanzenschutz, Landtechnik, Genotyp)

Tools TRL
g (Technol
. 4 readiness
£ 3
Traits 1BNE
NEH I E
el3|sfE)2]2[2]|3]|a]s

Plant density @ emergence

Cover fraction

Plant/canopy height

Ear density

Fruit/inflorescence size

Grain number and size

Leaf/plant glaucousness

Phenology (e.g., heading, anthesis...)

Lodging

Weed infestation

Diseases

Vegetation index monitoring

Green area index (GAl)

Senescense

Fraction of intercepted radiation

Leaf orientation

Leaf rolling

Chlorophyll content

Leaf/canopy temperature

Leaf/canopy chlorophyll fluorescense

Araus et al. 2018, Trends Plant Sci
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Datenintegration (Klima, Boden, Diingung,
Pflanzenschutz, Landtechnik, Genotyp)

, Plant Methods

— R2=062 -
p-value < 0.0001
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Fig. 4 Plots of Manual counting versus Algorithm counting at different growth stages. 72 plots: a Aranjuez Irrigated May 12. 24 plots: b Aranjuez

MLU Halle @& Prof. Klaus Pillen, Hiilsenberger Gespréiche, Hamburg, 12.-13.06.2018

53



High Throughput phenotyping (HTPP)

VIS
Color
Morphology
NIR/SWIR Geometry FLU
Leaf water content Chlorophyll content
Leaf thickness PSII efficiency
TIR/LWIR Hyperspectral
Leaf temperature Stress spectral indices

Stomatal conductance

—
Water Temperature Weight Light Humidity

Current Opinion in Plant Biology

)p Plant Biol
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High Throughput phenotyping (HTPP)

Cameras
Hyperspectral
-
VIS NIR/SWIR
IR T TIR/LWIR
I

1 S

| IO TR D [ TN T D N AR DR DR N N I A |
400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 7.5—13x10°

Wavelength (nm)
uv Visible Near-infrared Short-wave infrared Lpng-wa\re
infrared
Water content mm p ] L } : L
Temperature —
mmm Chlorophyll content, photosystem Il quantum efficiency
Gurrent Opinion in Plant Biology

Falgren et al. 2015, Curr Op Plant Biol
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IPAS Projekt BARLEY DIVERSIHFY

Projektstart: 01. Marz 2015 (effektiv)
Ziele:

1. Zwei Wildgerstenintrogressionspopulationen, S42IL und HEB-25, sollen in
der Gerstenzichtung verwendet werden, um die Biodiversitat sowie die
Produktivitat unserer Elitegersten unter Stickstoffmangel und
Fruchtfolge-Vorfruchtwirkungen zu erhdhen.

T ——_ i
S E T T -
B Tt HEB-25
w )

2. Mittels des nicht-invasiven, mobilen Hyperspektral-Kamerasystems
AgRover sollen Pflanzenwachstum, Nahrstoffkonzentration und
Zellwandzusammensetzung in Feldversuchen vorhergesagt und
eingesetzt werden, um mit reduzierten Kosten merkmalsverbessernde

Genotypen zu selektieren.
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Innovation 1:

/ apping \NAN

/ Barke (C) = ..\

2007 | » “x_“““ L] — HHHHHT F

E: &1 2 3 45 6 7 8 18 19 20 21 2223 24 25

Barke () Initial cross -
F1 “ x ) “ “ “ “ “ ‘ “ ‘ """"""""""""""""" ‘ ‘ ‘ “ “ “ ‘ “ i
18 19 20 21 222324 25

Sub-Pop: W1 2 3 45 6 7 8

4——

1 backcross

1
4m——

1 [ —— '
BC, B | 8
SubPop: L12 3 45 6 7 8 ! 18 19 20 21 222324 25 |
.
} 3 selfings
1] " l'
BC.S - " ........................ I " b
2010 | I
\ Sub-Pop: L1 2 3 45 6 7 8 18 19 20 21 222324 25../ 3’00 PIotsHaIIe 2012

Maurer et al. 2015, BMC Genomics
HEB-25 (Halle Exotic Barley) = 25 Familien mit 1,420 NAM Linien in BC,S;  Maurer et al. 2016a, J Exp Bot

Erwartete Segregation an jedem Locus: 72% : 6% : 22% (Hv : het : HSP) o, ot comr e <ooroh: Reredity

e et al. 2016, Scientific Reports
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RY/Spex Innovation 3:

Das hyperspektrale viesssystem AgRover: zur,

Bestimmung von Nahrstoffen und Koehlenhydraten im Feld
1. Kalibrations-Set (10% der Plots): Hyspex + NaRlabor-> Regressionsmodell

Untersuchungs-
objekt

Mathematisches Modell
(Zusammenhang zwischen

Hardware
Sensor Hardware-Sensor-Daten und
e <& ] biochemischer
= Zusammensetzung bzw.
- <:| ﬁ = Boniturdaten)
=~

930-2500 nm
Kanale: 288
g 3
Extraktion J Xﬁ\ Biochemische > Verknipfung
relevanter / Analyse / Bonitur \ mit konkreter
Stoffe Anwendung

2. Vorhersage-Set (90% der Plots): nur Hyspex

Untersuchungs-
objekt

Mathematisches Modell
(Zusammenhang zwischen
Haraware-Sensor-Daten und
biochemischer
Zusammensetzung bzw.
Boniturdaten)

Hardware

O Sensor -
ol —1

Verknupfung

\ mit konkreter

Anwendung
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Workflow' BARLEY BIODIVERSIFY:

Entwicklung
AgRover-System

Hyperspektral-

Messung
MLU, Planzenziichtung

Planzenproben NaBlabor-
Analyse

MLU, Planzenziichtung
QTL-Analyse

MLU, Planzenziichtun

Evaluation der Innovationen
MLU, Agribusiness
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Feldversuche Halle 2015 & 2016, HEB-25
Halle HEB:=2/5

. NN

\\\\%\ ==
' N
f *-..;_.\\\\Q\Q\Q\“\\\\\”

Feldversuch Halle 2016 mit 3,000 Plots

Abkiirzung
SHO

HEA

MAT

HEI

EAR

GEA

TGW

Merkmal

Schossen (BBCH 31)
Blite (BBCH 49)
Reife (BBCH 87)
Pflanzenhohe

Ahren pro gm
Kornzahl pro Ahre
Tausendkorngewicht

Maurer et al. 2015, BMC Genomics
Maurer et al. 2016a, J Exp Bot

Merkmal Einheit N- N MW CcVv Korrelation P NO
Stufe NO - N1 vs. N1
SHO Tage NO 2778 59,8 7,21 0,76 Hokk
N1 2797 57,2 7,18
HEA Tage NO 2778 73,0 6,62 0,87 ok
N1 2797 70,8 6,38
MAT Tage NO 2774 113,0 4,88 0,74 ok
N1 2794 110,0 5,22
HEI cm NO 2778 66,6 16,75 0,79 ok
N1 2794 7 16,84
EAR NO 2776 560,8 3,78 0,47 Hokk
N1 2796 \706,6_~36,11
GEA NO 2649 22,88 20,22 0,82 *okk
N1 2630 23,66 19,74
TGW g NO 2767 49,10 12,54 0,63 Hokk
N1 2794 49,02 11,79
SHO HEA MAT HEI EAR GEA
HEA
0,66 0,77
-0,27 -0,10 -0,17
= N
-0,34 -0,38 -0,51 0,16
0,12 0,29 ‘030 0,01 0,19
GEA *’** *’** *’** n’.S. *:k*
-0,27 -0,21 0,00 0,16 0,04 0,10
TGW * %k %k * %k k n.s. % %k %k * %k * %k k




Feldversuche Merbitz
2015 & 2016
S42-ILs und TGW

TGW Differenz zu Scarlett {in g)

Merbitz 2015+16, TGW

4,0
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$421L-Linien
Werte

m Differenz zu Scarlett & Adjustierter P-Wert

Signifikante Abweichungen (rote Punkte = adjustierte P-Werte) von 5 S42|L-Linien (IL-119,
-121, -124, -128 und -176) als Differenz zu Scarlett fir das Merkmal Tausendkorngewicht
(TGW, blaue Saulen = Differenz zu Scarlett in g) am Standort Merbitz, gemittelt Gber
Vorfriichte und N-Stufen und Jahre. Rote Linie: cut off bei AdjP<0,05.

Adj. P-Wert



Das AgRoeVer Kamerasystem

Z Fraunhofer
IFF

HySpex SWIR 384 Kinect V2

100 |-

50 |

Reflectance (%)

oAl Y S Spektrale Kanale: 288 3
0 1 2 3 Max. Framerate: 400 Hz 30 Hz
Wavelength (A, pm) Auﬂésung raumlich: 384 pXx RGB: 1920 x1080 pPX
- - S Wellenlange: 930-2500 nm ToF: 512 x 424 px

Time of flight

Kamera (TOF) Planzenhohe

AgRover

MLU Halle &y
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Nichtireare multiple Regressionsanalyse

=S nachineleaming

Input = —
Hyspex-Reflektanzdaten __

&

Zieldaten —
(NaBlabor od. Feld)  m—

:ll*

ﬁ Anpassung

Learning Method

Model =
y=f(x) ——>

Output =
Vorhersage der Leistung

Error

Validationsmethode: leave-one-out per plot

\

~ Fraunhofer

IEE
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AgRover-Versuche Halle 2016, HEB-25

AgRover HEBZ25

Merkmal

Schossen (BBCH 31)
Vegetative Phase
Blite (BBCH 49)
Generative Phase
Reife (BBCH 87)
Pflanzenhdhe

Ahren pro gm
Kornzahl pro Ahre
Tausendkorngewicht

HySpex

SWIR 384
Ort Fahrt A Fahrt B Fahrt C Fahrt D Daten- Blatt- Ahren- Korn-
volumen proben proben proben
Halle 03./04.05.16 23./ 07./10.06.16 27.07./ 2,79 TB 1.111 504 306
31.05.16 09.08.16
Merbitz 18.05.16 02.06.16 13.06.16 1,20 TB 288 - 96
Morgen- 19.05.16 06.06.16 23.06.16 0,447TB 144 - 48
rot
Summe: 443 TB 1.543 504 450
Reflectance
0z : ' : —Frueh| ]
— Miittel
06+ — Spaet

Relative Reflectance

S0 100 150 200 250
Spectral Channel

Spektrale Reflektanz von friihen, mittleren und spaten HEB-Linien fir den Zeitpunkt Schossen (1-Knoten-
Stadium) mit deutlichen Reflektanz-Unterschieden in den spektralen Bandern 1-60 (= 930-1250 nm) und 130-160

(= 1640-1800 nm)..



AgRover-Versuche Halle 2016, HEB-25

AgReverHEB2S

Merkmal

Schossen (BBCH 31)
Vegetative Phase
Blite (BBCH 49)
Generative Phase
Reife (BBCH 87)
Pflanzenhdhe

Ahren pro gm
Kornzahl pro Ahre
Tausendkorngewicht

HySpex

Ort Fahrt A Fahrt B Fahrt C Fahrt D Daten- Blatt- Ahren- Korn-
volumen proben proben proben
Halle 03./04.05.16 23./ 07./10.06.16 27.07./ 2,79 TB 1.111 504 306
31.05.16 09.08.16
Merbitz 18.05.16 02.06.16 13.06.16 1,20TB 288 - 96
Morgen- 19.05.16 06.06.16 23.06.16 0,44 TB 144 - 48
rot
Summe: 4,43 TB 1.543 Ena nen
Standort Halle
1,00
gz 0% 1 une .28 58 . B
@ 0,70 <99 05 o= oo el

HEA RIP  MAT HEI

SHO SEL EAR

® Fahrt B(31.05.2016) ™ Fahrt C(10.06.2016) ™ Fahrt D (09.08.2016)

Bestimmtheitsmafe (R2) fir 9 agronomische Merkmale fiir die Messfahrten B (31.05.2016) und C (10.06.2016)
und D (09.08.2016) am Standort Halle. Abkirzungen der Merkmale in Tab. 1. Die Reihung der Merkmale erfolgte
nach den Merkmalskomplexen Entwicklung, Ertrag und Korn. Rote Linie: cut off bei R2=0,5.



Nalslaner=Analyserzur

Z Fraunhofer
IFF

Kalibration der Hyperspektral-Modellierung  —
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AgRover-Versuche Halle 2016, HEB-25

HySpex

H\‘]SJ@@K FHEBS2S; SWIR 384

=
7

13 powder
W grain

e
w

=1
~

e
=]

R (BestimmtheitsmaR)
=1
w

=1
s

03

Stationiire Hyspex-Messvorrichtung

0,1

0

N 5 Fe P Al Ca In Mg Cu B Cd K Mn Na C Se Mo

Schatzgenauigkeit (R2) der Gehalte von 17 Mikro- und Makrondhrstoffen im Ganzkorn bzw. im Mehl mittels
Hyperspektralanalyse und nichtlinearer Modellierung, basierend auf CN-Analyzer bzw. ICP-OES-Analyse von
Vergleichsproben. Bestimmung der Schatzgenauigkeit (R?) mittels leave one out Validierung (N=250). Rote Linie:
cut off bei R?=0,5.



Soziookonomische Bewertung der Erhohung der

Biodiversitat in der Pflanzenzuichtung

0,06

oo <<< Erhohung der Ertragsstabilitat um 20%

£ oo -> + 0,5 dt/ha Ertrag Sommergerste

: o - + 3,5 Mio. € Sommergerstenproduktion
2 o <<< historische Ertragsdaten D. 2005-2015

dt/ha
® better yield stability* ® historical data from 2005-2015

Simulierte Effekte erhohter Ertragsstabilitit durch eine Verbreiterung der genetischen Basis.
Annahme: Verringerung der negativen Differenz zum Mittelwert um 20 %.

Auf der methodischen Grundlage des Total-Economic-Value (TEV) kann die Steigerung der
Biodiversitat im Genpool der Sommergerste in vier wirtschaftliche Dimensionen untergliedert
werden. Die Nutzbarmachung pflanzengenetischer Ressourcen fiihrt zur:

1. Sicherung der landwirtschaftlicher Produktion,
2. Verringerung von Produktionsrisiken,
3. Verminderung der 6kologischen Kosten durch Reduzierung des Produktionsmitteleinsatzes,

4. Bereitstellung einer optionalen Ressource fiir das Erreichen zukiinftiger zlichterischer Ziele.
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Publikationen

1. Maurer A, Draba V, Jiang Y, Schnaithmann F, Sharma R, Schumann E, Kilian B, Reif JC, Pillen K
(2015) Modelling the genetic architecture of flowering time control in barley through nested
association mapping. BMC Genomics, doi:10.1186/s12864-015-1459-7

2. Maurer A, Draba V, Pillen K (2016a) Genomic dissection of plant development and its impact on
thousand grain weight in barley through nested association mapping. J Exp Botany, doi:
10.1093/jxb/erw070

3. Maurer A, Sannemann W, Léon J, Pillen K (2016b) Estimating parent-specific QTL effects through
cumulating linked identity-by-state SNP effects in multi-parental populations. Heredity,
doi:10.1038/hdy.2016.121

4. Soleimani B, Sasmmler R, Backhaus A, Beschow H, Schumann E, Mock HP, von Wirén N, Seiffert U,
Pillen K Genetic regulation of phosphorous efficiency in the wild barley introgression library S42IL
(submitted to Plant Breeding)

5. Brauch D, Porzel A, Schumann E, Pillen K, Mock HP Changes in isovitexin-O-glycosylation during
the development of young barley plants (submitted to Phytochemistry)

- Weitere Publikationen in Vorbereitung
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Die Wildgerstenpopulationen HEB-25 and S42IL zeigen genetische
Variation flr quantitative Merkmale (z.B. EAR und TGW) in den
Feldversuchen 2015 and 2016 in Halle, Merbitz und Morgenrot.

Die Feldprifung des AgRovers startete erst in der Vegetation2016

Die hyperspektrale Modellierung von Nahrstoffen, Metaboliten und
agronomischen Merkmalen zeigen niedrige bis hohe Vorhersage-
Genauigkeiten mit einer maximalen Gite von R?=0,68 und 0,94 zur
Vorhersage des Bluhzeitpunktes bzw. des N-Gehaltes.

Die AgRover-Feldprifungen sollen in den Anbaujahren 2017 und
2018 fortgesetzt werden.

Die Schlagkraft der Spektralmessungen im Feld soll durch ein neues
Copter-System mit Multispektralkameras erhéht werden.

 Fraunhofer ﬂk !ABLEBKEN

IFF

\
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die 2 Forderberiode (02
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NgSanNtrag 1 740

Neue Ziele und Meilensteine (MS)

1. Ausdehnung der Feldversuche Merbitz (S42IL) und Halle (HEB-25) in das
Jahr 2018 (MS #1 und #2)

» Weitere Prifung des vorhandenen AgRover-
Hyperspektralsystems (von 2016 bis 2018).

» Erhohung der statistischen Power in der nachfolgenden GWAS.

2. Priifung eines zusatzlichen MultiCoptersystems mit Multispektral- und
Thermalkamera (MS #1 und #2)

» Erweiterung des Spektrums auf die Wellenlangenbereiche 450-1000 nm und
7,5-13 um zur Messung der Entwicklung des Pflanzenbestandes sowie der
biotischen und abiotischen Stresstoleranz unter N-Mangel.

» Steigerung der Schlagkraft
durch Verwendung - v
eines flugfahigen /S |
MultiCoptersystems

XR6 HexaCopter und Tetracam uMCA Snap 6
Prof. Klaus Pillen, Hiilsenberger Gespréiche, Hamburg, 12.-13.06.2018 72

MLU Halle @&




P

fortsetzunssantras tur die 2 Foraderneriode (02,

-

18— 01720

Neue Ziele und Meilensteine (MS)

3. Hyperspektrale Vorhersage der Malzqualitat (MS #3)

» Prifung der hyperspektralen Modellierung der Malzqualitat als indirekte
Selektionsmethode in Kooperation mit Saatzucht BREUN.

4. Datenbankausbau (MS #4)

» Integration der erhobenen agronomischen, genomischen und Hyperspektral-
daten in eine gemeinsame Datenbank (Optimas Data Warehouse)

5. Analyse der genetischen Regulation der untersuchten Merkmale (MS #5)

» Genomweite Assoziationskartierung (GWAS) von QTLs in den Populationen
S42IL und HEB-25 mit einem neuen Gersten-50k SNP-chip.

6. Durchfiihrung eines 3-faktoriellen Feldversuchs in Merbitz 2018 (MS #6)

» Prifung selektierter S421L- und HEB-25-Linien unter divergierenden N-
Dingungs- und Pflanzenschutz-Anwendungen zur monetaren Bewertung der
Nutzung von Wildgerstenintrogressionslinen in der Pflanzenziichtung.
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Projektpartner

1. Anja Hanemann & Jens Weyen
Saatzucht Josef Breun GdbR (BREUN)

«» BREUN

2. Andreas Backhaus, Christian Klick,

Sebastian Warnemiinde & Udo Seiffert Za Fraunhofer
Fraunhofer-Institut fr Fabrikbetrieb & —automatisierung (IFF)
— Unterauftragnehmer fur PB ﬂh

3. Dominic Brauch & Hans-Peter Mock !APTK

Leibniz-Institut fur Pflanzengenetik & Kulturpflanzenforschung (IPK)

4. Sarah Zahn, Barbara Koblenz & Olaf Christen =
MLU Halle, Allgemeiner Pflanzenbau & Okologischer Landbau (AGR)

5. Johannes Ryll & Peter Wagner

MLU Halle, Landwirtschaftliche Betriebslehre (AB) Finanzielle
_ _ _ _ Unterstitzung
6. Vera Draba, Maria Schmidt, Sebastian Zahn & Klaus Pillen R | ot s
MLU Halle, Pflanzenztichtung und Projektkoordination (PB) and seorch
BMBF (IPAS)

MLU Halle @& Prof. Klaus Pillen, Hiilsenberger Gespréiche, Hamburg, 12.-13.06.2018 74
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Feldversuche Morgenrot
2015 & 2016
S42-ILs

Morgenrot, 2015+16, YLD

84 %

4,0 ®

0,0 || l |- _I |'I llll I I| |I I | 0'000
2 ) l| 1) [
0,000

-

4,0
6,0 1 0,003
-8,0
P
N AN AN ART AR RN RS AN ) 0.050
. . /
-10,0 = .
12,0 ee®%,, e00e0e®e % L0 o090 oo o % 1000
T e eI RANIRARBRAN AR R AR RAS TS STNE

ad ek wd ad ok wd e ad ol ol ad el wd el ad wd wd ek wd wd e ek ad ek ad wd md e e ad ad wd ek ed el ad wd

® (Leer) - YLD-Differenz zu Scarlett ® (Leer) - YLD Ad}-P

Signifikante negative Abweichungen (adjustierte P-Werte <0,05, rote Punkte) von 8 S42|L-
Linien als Differenz zu Scarlett fir das Merkmal Ertrag (YLD, blaue Saulen in dt/ha) am
Standort Morgenrot, gemittelt Gber N-Stufen und Jahre. Rote Linie: cut off bei AdjP<0,05.



AgRover-Versuche Merbitz 2016, S42IL

Merkmal

Schossen (BBCH 31)
Chlorophyllgehalt
Bliite (BBCH 49)
Pflanzenhbhe
Ahren pro gm

Reife (BBCH 87)
Biomasse

Ertrag

Ernteindex

HySpex
Ort Fahrt A Fahrt B Fahrt C Fahrt D Daten- Blatt- Ahren- Korn-
volumen proben proben proben
Halle 03./04.05.16 23./ 07./10.06.16 27.07./ 2,79TB 1.111 504 306
31.05.16 09.08.16

Merbitz 18.05.16 02.06.16 13.06.16 1,20TB 288 - 96

Morgen- 19.05.16 06.06.16 23.06.16 0,44TB 144 - 48

rot

Summe: 4,43TB 1.543 504 450

I I I |
1,00 -~ J L J L J L J L

0,90 4 «
— h\
£ 08 | o5
— O“w o
e 0,70 - o Eai)

m O\ o)) =)

£ 0,60 - o
£z o O

@ 0,50 - %,
= o can

E 0,40 - “N\R i o

(=N} {

- 0,30 A t::ﬁm
@ 0,20 - so

0,10 -

0,00 n T T T T T T T T

SHO SPAD HEA HEI

B Merbitz Fahrt A (18.05.2017) ® Merbitz Fahrt B (02.06.2017) Merbitz Fahrt C (13.06.2017)

EAR MAT BIO YLD HI
(20.05.16) (30.05.16) (05.06.16) (15.06.16) (07.06.16) (04.07.16) (15.07.16) (20.07.16) (20.07.16)

BestimmtheitsmaRe (R?) fir 9 agronomische Merkmale fiir die Messfahrten A (18.05.2017, d.h. 44 Tage nach Saat), B
(02.06.2017, d.h. 59 Tage nach Saat) und C (13.06.2017, d.h. 70 Tage nach Saat) am Standort Merbitz. Abkiirzungen der
Merkmale in Tab. 1. Die Sortierung der Merkmale erfolgte nach Datum der Messung (unterhalb des Merkmals), bzw.
des Erreichens des Stadiums (SHO, HEA, MAT) bei 50% der S42IL-Linien. Rote Linie: cut off bei R2=0,5.



Ort Fahrt A
Halle 03./04.05.16
Merbitz 18.05.16
Morgen- 19.05.16
rot

Summe:

Kinect V2

Fahrt B Fahrt C Fahrt D Daten- Blatt- Ahren-  Korn-
volumen proben proben proben
23./ 07./10.06.16 27.07./ 2,79TB 1.111 504 306
31.05.16 09.08.16
02.06.16 13.06.16 - 1,20TB 288 - 96
06.06.16 23.06.16 - 0,44TB 144 - 48
4,43TB 1.543 504 450

Erfassung des 3-dimensionalen Wachstums der HEB-25-Pflanzen im Parzellenbestand zu den Messfahrten A
(03.04.2016, oben) und B (23.05.2016, unten) in Halle..

R? (beobachtet : erwartet) = 77%



AgRover-Versuche Merbitz 2016, S42IL

HySpex

Ort Fahrt A Fahrt B Fahrt C Fahrt D Daten- Blatt- Ahren-  Korn-

volumen proben proben proben
Halle 03./04.05.16 23./ 07./10.06.16 27.07./ 2,79 TB 1.111 504 306

31.05.16 09.08.16

Merbitz 18.05.16 02.06.16 13.06.16 - 1,20TB 288 - 96
Morgen- 19.05.16 06.06.16 23.06.16 - 0,44TB 144 - 48
rot
Summe: 4,43 TB 1.543 504 450

Fahrt A Merbitz
1,0 -
=
- 0,8 -
< ! 0.54 0,62
E 0;6 N e}gg DJ&& 014? UJ.{FG
T 04 - 0,30
2 0,28 TR
o H B
[ ]
g U}U T 1 T T T - T T T

RT 3.62 RT 4.08 RT 4.32 RT 4.60 RT 4.24 RT 5.05 RT 5.21 RT 5.33 RT 5.61 RT 5.82

Phenylpropanoide

BestimmtheitsmaRe (R?) fiir zehn Phenylpropanoide (RT) fiir die Messfahrt A (18.05.2017) am Standort Merbitz.
Blaue Linie: cut off bei R?=0,5.
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Soziookonomische Bewertung von Innoevationen in der

Agrarwirtschaft

3,00%

2,50%

- 2.00% <<< Erhéhung der Intensitdten J,
& 1,00% <<< TFP = Totale Faktorproduktivitit |

1961-1970 1971-1980 1981-1990 1991-2000 2001-2009

H TFP B Erhdhung der Intensitdten m Bewdsserung M Flichenausdehnung

Bruttoproduktionswert* {jdhrliche
Veranderung in %)

Wachstumsfaktoren der weltweiten Agrarproduktion, bewertet mit konstanten Preisen flir das Jahr
2005 nach Fuglie (2012). Die Totale Faktorproduktivitat (TFP) misst den Anteil des
Wirtschaftswachstums, der nicht auf die Veranderung der Produktionsfaktoren Boden, Arbeit und
Kapital zurlickzufihren ist. Die TFP wird als Mal3 fur den technischen Fortschritt interpretiert.
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Source:www.markelowitz.com/Hyperspectral.html

Visible

>i€

Leaf Pigments Cell Structure

High Reflectance
of Vegetation in
the Near-IR

Chlorophyll \

Absorption Red Edge

Water Content
Leaf Biochemicals
Protein Lignin, Cellulose

Atmospheric Water
Absorption Bands

N

MLU Halle @&

i
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RECOONIUION O MEIANBIITES
particular wavelengths

HIRD OVERTONE REGION FIRST OVERTONE REGION

CH NH OH OH SH NH
4t Overtane  3rd Overtose 203 Overtane 15t Overtone 152 Overtona Combinatin

CH+CH CH+CC

OH CH NH CH CH NH CH C=0 OH NH + OH

3edd Ovartone 36d Overione 203 Ovarone 2nd Owencos ot 15t Owertone 19 Ovrone 2n8 Overone

T8 SN TS S N SO SRS "7 N SR SRS G S

HO |
o ;

NCH  RNHR' © ACH - CONHR! ACH | SH | CONH, |
< 1

100 |-
e : : . - - e S i

AR

[e]
-
Reflectance (%)

CH

CH L CH s : PCH | ; i
e - L - - S 50 |-

® = - . - -

700 800 900 1000 1110 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200

[ T T B T Y. |

1 2 3

) : _ Wavelength (A, pm)

2300 2400 2500

Spectrum of HySpex SWIR-384 camera
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Worktiow BARLCEY BIODIVERSIHY:

Barley Test Measure- Mile-
Project germplasm _ location _ Treatment ment Partner stone #
Conventional
Nitrogen & phenotyping SCR tatide3
crop rotation IPK
e o AGR [— 113
Merbitz
Root Take all . ‘
wounding disease AGR lag d s
S42ILs
(60 lines)
Conventional
phenotyping
Morgenrot Nitrogen
Hyperspectral IPK
e ——« & AGR H 1e+1f+3‘
BARLEY Conventional
BIODIVERSITY phenotyping PB lc+1d +3
Kiihnfeld Nitrogen
HEB-25 Hypersp.ectral . IPK le +1f+3
(1,500 lines) imaging \&j_u
Backcrossing PB 4 I PB: Plant Breeding
AGR: Agronomy
. " Data - , IPK: Gatersleben
° warehousing AB: Agribusiness
BREUN: Breun
| Evaluation of
all | innovations l AB 2,28
MLU Halle @& Prof. Klaus Pillen, Hiilsenberger Gespréiche, Hamburg, 12.-13.06.2018 85



Workflow for analysis of phenolics

 Extraction in 96 well format

- .
1st Extraction step
80 % Methanol oA ",],,,,,,:,.l
Over night in fridge -
centrifugation Transfer supernatant on
Weighting of plant acroprep advance filter
material in 96 deep - plate
well - plate —> Filtration
100 % Methanol 2nd Extraction
Centrifugation . _
Filtration of with remaining
- supernatant pellet
|
MLAM}\J :‘M\-» Y N A
- Sample preparation
Datainterpretation rp-UPLC, PDA - detection

LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH




Merbitz — S42IL - 2016

* PCA analysis to visualize the differences of the abundance of the
10 most abundant phenylpropanoid peaks between NO and N1

PCA — Harvest A (18.05.2016) PCA - Harvest B (02.06.2016)
PC2 ] PC2
] 0 0 X
] 0 & 1
0.0 s@zu 0 1 , 10
] i $42IL-102
-0.57 0.51
1.0°
] 0 g0
5] °NO o0l 0 B Brodghers 542IL-109
“1on1 8ol g, % 0
30 20 10 00 PC1 05 00 05 10 Pc1
Scaling Algorithm : Pareto; confidence level: 95 %
2500900 1 Blue = NO Red = N1 Total peak Areas S42IL-Merbitz Harvest A (18.05.2016)
2000000 -
8 1500000 -
<
$ 1000000 -
500000 -
0 |
. g e @
& S

" IPK
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Annotation S42IL (A)

* Annotation was done by LC-MS/MS in negative ion mode

0.8

Scarlett - A Compoun
] d [M-H]- Annotation
0.6 1 367.104 Feruloylquinic acid (3FQA)
2 04 2 609.1466 Isoorientin-7-O-glc
3 609.1467 Isoorientin-2"-O-glc
0.2 | 4 447.0957 Isoorientin
5 593.1514 Isovitexin-7-O-glc
0.0 ° 6 623.1647 Isoscoparin-7-O-glc
0.8 7 593.1508 Isovitexin-2"-O-glc
S4211-101 - A 8 623.1618 Isoscoparin-2"-O-glc
0.6 Sinapoyl-isoorientin-7-O-
9 815.2036 glc
2 04 10 785.1942 feruloyl-isoorientin-7-O-glc
11 799.03  sinapoyl-isovitexin-7-O-glc
0.2 12 769.2018 feruloyl-isovitexin-(7)-O-glc

13 799.2138 feruloyl-isovitexin-2"-O-glc
0.0 14 769.2018 feruloyl-isovitexin-2"-O-glc
08 s4211-102- A

* Profile of Scarlett dominated by 2“-

06 O-glucosides
2 04 e S42IL-101 misses 2“-0O-glucosides,
2 potentially caused by a non-
0.2 .
1 3 27 functional UDP-glycosyltransferase
4 6 8 9 10 1113 12, 14
0.0 ‘ ‘ on chromosome 1H
3.0 4.0 5.0 6.0
Minutes

—Brauch et al. (submitted)
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Phenolic Profile of S42IL

PCA — Plot of S42IL and Scarlett 1 2 - S42IL - 102
PC2 0.36 = S42IL - 107
] $42IL-10° %egjtzy,ﬁe =S42IL - 111
o A Scarlett 0.27 = Scarlett
%593 o0 S42IL-113 -
0.25] S421L-111 <018
S42IL-119
0.001
S4AL-143 S421L-1070 0.09
-0.257
QAScar tt AR \ WAVNESVVON
-0.501 '"'—"'I""I""I""I""I""I""I 0.00 - — J j i j j j )
1.5 2.0 25 30 PC1 3.51 4.05 4.59 5.13 5.67
Minutes
c A1 110‘ Peak No. m/z Annotation MS1 A max
. Only 4 S42ILs are different from Scarlett in phenolic profiles o
« Strongest differences are caused by new orienthin isomers (1) and 0
2 acylated flavonoids (3-4 8-9) 1

U.I8 T 595: T06Z SapUTTarT 755 IIZ9 (-10Z.UJ] 709,536

5 595.1682 2"- O - Glucosylisovitexin 433.1150 (-162.05) 270, 338

0.09 6 625.178 7-O-Beta-D-glucosylscoparin 463.1247 (-162.05) 269, 349
. - 449.1085 (-338.1001),

0_00 7 787.2108 7-O-(6-feruloylglucosyl)iso/orientin ~ 611.1636 (-176.05) 270, 339
4. 50

. 8 817.2196 7-O-(6-sinapoylglucosyl)isoorientin ~ 449.1085 (-368.1110), 270, 341
Minutes

9787.2108 7-O-(6-feruloylglucosyl)iso/orientin 449.1085 (-338.1001), 270, 338

LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH Nwi !‘ELEQ




HySpex SWIR 384
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MPK 5 — 7

N e~ e
N o oy
!

ol

ey

~ Fraunhofer

IFF

wet chemistry

Grains

ICP-OES EA-
Analyzer
17 Elements: Calibration
Al, B, Ca, Cd, Cu, Fe, K, (preprocessing, regression model)
Mg, Mn, Mo, Na, P, S, @
Se, Zn,C, N

Recall and Prediction

(analyze whole set of samples)

)
a5
[
o

Paul Herzig - Deermination of macro- and microelements in barley grains via hyperspectral imaging (HSI)

ERA-CAPS

91/20



Overview of the picture
(one spectral channel chosen)

Auto detection of the white
balance

Segmentation mask to separate
background and sample

Result
Take all sample pixels to calculate
mean reflectance signature

92/20




St

R
#. "%\ Z Fraunhofer
IFF

(IPK

_GATEBSLEBEN

amt

=

P B TSE E Tdmet "gmm"vs p,@ deﬁ"

n ¥

Non-linear regression on neural network
R2?: leave one out validation, N=250

i powder
W grain

0,9

0,79 0,79

0,8

0,73
0,70

0,7
0,66 0,65

0,62 69,61

0,6

0,55 0,55

0,5 0,52

0,5

0,3

0,4

R? (Coefficient of determination)

0,3

0,2

0,1

93/20

ERA-



Z Fraunhofer

1IPK

ATEBSLEBEN

Model building:
Non-linear regression on neural networks
R?: leave one out validation, N=250

Outputs vs. Targets, R=0.69711 Qutputs vs. Targets, R=0.9585
3 T T T T T T T T 3 T T T T T T T
O Data Points O Data Points
28H Best Linear Fit 4 28H Best Linear Fit i
V=T Y=T
261 7 2.6 b
T2ar 1 52.4- 1
= =
S22l 1 S z2f 1
> S
@ 2r 1 £ af 1
g g
S ek . = 1gr ]
> 5
é— 160 1 E-. 18 1
o S
14r- 7 141 b
12r- 7 1.21 b
1 1.2 1.4 16 1.8 2 2.2 24 26 2.8 3 1 1.2 14 1.6 1.8 2 2.2 2.4 2.6 2.8 3
Targets T Targets T
Whole Grain VS. Grain Powder
(based on 250 samples)
' Paul Herzig - Determination of macro- and microelements in barley grains via hyperspectral imaging (HSI) 94/20

ERA-CAPS



GWAS Manhattan plot indicates 8 major QTL

controlling flowering time in HEB-25

1497 Ppd-H1 (PRR7)
' Vrn-H1 Vrn-H3 h
1207 ?  Vrn-H2 (AP1) (FT) ’
eam8/Mat-a eps2 denso N (2CCT) J J 6 )
ELF3 (GA5) Flowering|, =
1007 ( \)\ . (AMCEN) J I v I I time| §
/ I .
°g'| 80 , §
% 60 - . 6 2
= ° 10 £
40 hd ‘ g
' '
e [ ]
20 i : ! ) . )
o M ¢ . ‘
0 - wememamam ~ S men- I-ﬁ-‘-i Bttt ~ st ntesnd - o
1H 2H 3H 4H 5H 6H 7H

Maurer et al. 2015 accept. BMC Genomics
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Variation of gene effects between 25 HEB families

Early flowering

Difference in days between
donor and Barke genotype

+7.5d

» Each track of the circle
displays one HEB family
wCe (FO1 — F25, from inside to
outside).

N\ ”\

\ \ W ' / :
" W\ ;%d‘ l; i ///M/

\1\ | ,,, //

//,'

i | 1511\ \
¢ "] ml m \
vl M

Late and ea r|y floweri ng Maurer et al. 2015 accepted

'o o
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GENOTYypPE-PRENGLYPE association StUdIES

Dunnett test for
GWAS for HEB-25 S42IL library

Genome-wide association study

iulfele Remession Compare each IL with control

‘Scarlett’

Trait=p + SNP + Family + Cofactors;.y + €

o

2H 3H
GWAS Leaf rust, field trial (Draba et al. unpublished)

MLU Halle &g Prof. Klaus Pillen, Hiilsenberger Gespréche, Hamburg, 12.-13.06.2018 97



=00 Field trials Halle and Morgenrot 201561

HEB-25, NO = 67 HEB-25, N1 =68 u

30 25
: Ears per square meter (EAR)
)5 Plant height (HEI) L
X c
c 20 > 15 -
> 2
g 5 10 -
® 10 - = NO £ = NO
= c |
5 - EN1 EN1
O_
0 - 20 YIaNSIAdIRN3R
O N 00 < O VU NN 00 <& O VU NN TN ONNOO OO A
S HwwHw O N9 N O O o cLvwANToOLVLAToW T T
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- —
classes (cm) classes (number of ears)

Scarlett, N1 =59
Scarlett, NO = 817

. l’ : 50 —Ears per square meter (
- Plant height (HEI) p EAR)
40 o
Scarlett, NO = 61 X 35
® 35 - £ 30 lett, N1 3 937
.E 30 4 G>J.
> £ 25
£ 25 - 220
?';20 | mNO th: 15 mNO
= 15 m N1 10 e
5
10 - 0
5 .
0 - S
48-5152-5556-5960-6364-6768-7172-7576-79 Y
Classes (in cm) Classes (number of ears)




Field trial Merbitz 2015,
Previous crop
x thousand grain weight (TKG)

Previous crop: WW= Winter wheat; WR= winter rape seed

TKG TKG
WWWR N sos WW WR N ocr
57 . IFa] 57
. signifikant
54 —_ — 54 —_ 2
51 51
43 [ | 43
i 45 E
g
42 ﬂi; 42
39 —|— : = ag 4
36 36
s
33 33
a0 a0
ol T ol
ww WR ww WR
- Median []25%-75% T Bereich ohne Ausreiier o Ausreiler « Extremwerte - Median []25%-75% T Bereich ohne Ausreiier o Ausreifer « Extremwerte
TKG TKG
WWWRN siesg WWWR N reen
35 35
30 = 30
25 ™ 25
20 g 20
@
15 215
10 10
5 5
~
0 — 0
32 24 26 38 40 42 44 46 45 50 52 54 56 58 60 6 36 40 42 44 46 48 50 52 54 56 58
Gewicht (g) Gewicht (g)

W = wWR . ww = WR



DURNQG thEe COUrSE Ofithe ProjJeECT STqUESTIGNS,

connected to 3 innoevations, will' be addressed

1. Can we identify and quantify the effect of exotic barley
Introgression lines, which are better adapted to grow
under nitrogen stress than the elite barley controls Scarlett
and Barke?

2. Can we establish a mobile, field-based, hyperspectral
Imaging system (AgRover) in order to increase spatial and
temporal resolution for non-invasive high throughput
monitoring of plant growth, nutrient content and cell wall
composition?

3. Can we quantify welfare effects, related to the tested 3
Innovations, on a macro level (socio-ecological efficiency)
and on a farm level (economic efficiency)?

MLU Halle @& Prof. Klaus Pillen, Hiilsenberger Gespréiche, Hamburg, 12.-13.06.2018 100



Workflow for analysis of phenolics

« Creation of a peak list

for the more abundant
i peaks

UV — Chromatogramms @ * Processing in Empower Table with peak intensities for

280 nm each treatment and genotype

Identification of potential

genes for the regulation of Mathematical Model
the phenylpropanoid pathway

in barley

LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH




Analytical workflow

3045 leaf samples + 1500 spike samples = ca. 4500 samples
For time saving high throughput method is needed

Preparation of Alcohol — Extraction of phenolics
insoluble fraction (AIF)

‘ Endo-polygalacturonase
Pectin — MALDI
§ HYEITEEE Relative quantification
Hemicellulose I Of characteristic
' fragments after enzyme
E-CELAN Cellulase dlgestlon
Cellulose I
’ Extraction?

Lignin —

LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH




Field - experiment 2015

One harvest for testing and 2 month old barley plants
establishment of methods growing in Halle (HEB-

«  Establishment of high throughput 25) and Merbitz (S42IL)

methods I

+ Estimate effort for optimal organization
of work Harvest of the flag leaf

«  Get overview of metabolic variation in Pool of six leaf/genotype
the different genotypes I

Directly frozen in liquid N,

Freeze drying of leaf

material

Grinding of leaf material

LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH




Big Challenge: High sample amount

« Seven measurements at three different locations

total 2942 2142
Halle-
Kiuhnfeld 1471 147 3 Barke, 3 Scarlett
N1 1471 147 3 Barke, 3 Scarlett

» High sample amount
« Sample preparation (freeze-drying, grinding, weighting)
» Methods for cell wall analytics, esp. extraction are very time consuming

—> High throughput methods are needed

—> Avoiding of multiple sample preparation steps
I - oC 60 6

gesamt 325 33 12 45 315
NO-A (1) 59 6 Barke, Scarlett
NO-B (2) 55 6 Barke, Scarlett
Morgenrot NO-C (3) 38 4 Barke, Scarlett
N1-A (4) 60 6 Barke, Scarlett
N1-B (5) 59 6 Barke, Scarlett
N1-C (6) 54 5 Barke, Scarlett

I 435 3045

+ approximately 1500 spike samples

LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH




Hyperspectral
data

’—

Plant
samples

Calibration:
Hyspec + Wet lab - Model

Untersuchungs-
objekt

Mathematisches Modell

(Zusammenhang zwischen
Hardware-Sensor-Daten und
biochemischer
‘ Zusammensetzung bzw.
C] Boniturdaten)
Extraktion 3 Verknipfung
relevanter \ mit konkreter
Stoffe Anwendung

Modeling
data by
regression

Wet lab
analysis

MLU Halle @&

i

% Prof. Klaus Pillen, Hiilsenberger Gespréiche, Hamburg, 12.-13.06.2018
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Calipration pnase olifAgROVEr

e 3,000 plots = 1,800
e 300 samples (10%) per run samples

e 720 plots =432
e 72 samples (10%) per run samples

360 plots =216
36 samples (10%) per run samples

At least wet lab samples for calibration
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AQRGVErphenoetyping

AgRover
| HEB-25 Rad
= ypers pect ral Feldversuch —— Gefihrt
i m a g i n g Elne Dnllspur ‘ i;an:‘::;n
- Plant growth

2; 20 m Weg

1,50 m Beet

- Nutrient content
k Metabolites

-
—

Zwei Prufgheder je Drillspur

Etikett

= N1

3256
9

¢ J 2 » ‘ & "\7'7 | \ 1 =, . ) v E
AAAAA ; 2 gy v S v’
X i 7 Drlllrlchtung 5, -t ‘

Radinnensefte - Radinenssite
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Hyperspectral imaging data

Sample Plants

AR

Hyperspectral
Imaging

\ b

Compounds

Extraction of Relevant

/

\ Biochemical
Analysis

Mathematical Model

(Relationship of spectral

images and biochemical
compounds)

Link to
Application

Genotype data

IFF

467 SNPs on chromosome 7H

Il
i
5!

1= 48 |2008461 5
1 4943 |3o08-4bs5 5
1+ 4950 |a5-123

=1 4951 o512

Sem

Anrentinge (L) und -beoita (8}
Anzahi dor Sol

[ =
-

359 individual BC,S; lines

Colmsee et al. 2012, BMC Plant Biol

2-0-aipha-L-rhamnasylisoarietin
10 2'-O-alpha-.-arabinopyranosylisoscoparin
11 2-0-(petaD-gucosylsovitexin
12 7-0-(beta-D-glucosyisovitexin
13 isovitexin 8-€-beta-gucosde

14 Isoorientin 2

15 Vitexin 2

16 Isovitexin 2

17 Saponarin

18 Vicenin-2

13 Panicuatn

CHEBL:70203  ChEEI
creBt7sIse  chesl
CHEBL:75432  ChEBI
CHEBL:75439  ChEBI
CHEBL:75440  ChEBI
d:C03870 KEGG
PdiC04024  KEGG
pd:C04199 KEGG
pd:COB069__ KEGG
pd:C10195 KEGG
pd:C10513 KEGG _

a I

v

CompoundCrawler [J= C27H20015, found 71 Cmpds: =] o ]
File Edt Help

Hint: Search for compounds by formua (IM): C7H100S, or [M-#]: C7H 1105, respectively) or by enzyme code (ec:2.7.1.12) M v [Last] [Mext
# Compound CompoundID  Datab *
1 vitexin 2"-O-beta-D-glucoside CHEBI:16631  ChEEI
2 isovitexin 2'-0-beta D-glucoside CrEBL:173Re  chest| oH
3 luteolin 7-0-nechesperidoside CHEBI:31788  ChEBI| ™ H
4 cyanidin 3-0+utinoside betaine CHEBI:58546  ChEBI H Chiral
5 4,5,7-rhydroxy-3-methoxyflavone7-O-slpha... CHEBL:68348 ChEBI
6 kaempferol 3-0-beta-D-galactopyranosyl-7-0-. CHEBI:68881  ChEBI
7 kaempferol 3-O-beta-D-glucopyranosyl-7-O-al... ~ CHEBI:68882 ChEBI
8  kaempferol-3-rutinoside CHEBI:69657  ChEBI

Wet lab data
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Conventalrpnenetyping

=

Conventional

Life history
Grain yield
. - Grain morphology

12
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Wetlabranalys1STeiiseluple

phenylpropanoids by LC-MS/IMS

r CompoundCrawler [I= C27H30015, found 71 Cmpds [ESREER" " ]
SmartFermula Manually - —— - .l = | - | = J . . S - / \
File Edit Help
Lower formula: | Cqg Generate CartiagOrs =T I
Hint: Search for compounds by formula ((M]: C7H1005, or [M+H]: C7H1105, respectively) or by enzyme code (ec:2.7.1.12) M -
Upper formula: | N, [ Help ]
# Compound Compound ID  Datab *
C 18-n, N0O-0 1 vitexin 2'-0-bets-D-glucoside CHEBI: 16631  ChEBI
2 isovitexin 2"-0-beta-D-glucosice CHEBI:17379  ChEBI|_ o
Note: for m < 2000 the elements C, H, N, and O are considered implicitly. 3 luteclin 7-0-neohesperidoside CHEBI:31788  ChEBI| ™ H
4 cyanidin 3-O-rutinoside betaine CHEBI:58546  ChEBI F Chiral
Adducts, pos.  M4H - Collect adducts 5 4,5,7-rihydroxy-3-methoxyfiavone-7-O-alpha... CHEB1:68348  ChERL
& kaempferol 3-0-beta-D-galactopyranosyl-7-0-...  CHEBI:68881  ChEBI
7 kaempferol 3-O-beta-D-glucopyranosyl-7-0-al...  CHEBI:688382 ChEBI OH
Adducts, neg. M-H - 8  kaempferol-3-utinoside CHEBI:65657  ChEBI
9 2"-0-alpha-L rhamnosylisoorietin CHEBI: 70203  ChEBI
. . - 10 2"-0-alpha-L-arabinopyranosylisoscoparin CHEBI:75396  ChEBI
Measuredm/z 595, 1684 Tolerance: 4 mba - Charge: 1 IZI 11 20-(beta-D-glucosyljisovitexin CHEBI:75432  ChEEl
12 7-O-{beta-D-glucosyl)isovitexin CHEBI:75439  ChEBI
. 13 isovitexin 8-C-beta-glucoside CHEBL: 75440  ChEBI HO'
Meas. mfz  # IonFormula mfz err [mDa] err [ppm] mSigma  Sum Formula 13 Isoorientin 2 o0 KEGG
15 Vitexin 2 KEGG
595.1684 1 C27H31015 595.1657 2.7 45 177 C27H30D 015 e s i o
2 (C20H35020 595.1718 3.2 5.3 19.4 C20H34020 1 KEGC " .
18 Vicenin-2 KEGG
3 C45H2302  595.1693 0.8 1.4 1147 C45H2202 1 e | Sa ponarin
o : [T} 0l
3(.)0 490 5(?0 690 790 Wavelength [nm]
Intens. | pmemam o masy
[mAU]
o
Scarlett, RT = 5,14 min
’ ’
400 270 336
300
200
100
651 667
Intend. K3_IL102_1-C,2_01_7577.: +MS, 5.14min #926
x105
C,-H,;,0
204 317.0609 27 30 16
154
1.0
0.5
106.9920 184.9693 234.9508 272.0446 1 433.1147
00 Tt Lot L s ; ; ; ; \ .
100 200 300 400 500 700 800 900 mz
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offNa, Ca and' Mg acroess leaf blades

e Na: R? = 56%
Na [ma/kg] |
0 606.223 121245 1818,1 b.56 484]9.76 54]56
= 66%
Ca [mag/kg] ’
T i1 aese  mess?
- : R?[= 92%
Mg [mg/kg] - °
I ;: I |
0 214567 162873 2443 }m D .87 651483 73293

© Fraunhofer IFF, 2015
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* Via “leave one out” validation

* nonlinear regression based on
neural network

e trained on 249 samples

* model training via iterated until
the lowest error is found (learn)

* Termination term means best
model is found

—>predict one sample

249 samples
picked out

* done this for each combination
(250 models)

,,,,,, Repetition for all
250 combinations

Paul Herzig - Determination of macro- and microelements in barley grains via hyperspectral imaging (HSI) 113/20

ERA-CAPS



AQROGVEr measurement'schedule

At least six measurements

20t T04th “1gth “Q1t 15t 29th
April May May June June June
> >

> > >

Monday: Halle Wednesday: Merbitz  Friday: Morgenrot
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Field trial 2015

- 1420 HEB lines

- cv. Barke

- 11 additional varieties

- Two nitrogen treatments

Halle-Kiihnfeld

Pflanzenverfligbarer N-Gabe zum

N-Stufe et N im Feinboden | Schossen (BBCH 31)

NO 30 kg N/ha 32 kg N/ha 0 kg N/ha

N1 90 kg N/ha 32 kg N/ha 60 kg N/ha

Vera Draba - IPAS - 27th October 2015 115



Morgenrot

-49 542 IL lines

- cV. Scarlett

- 9 additional varieties
-Two nitrogen treatments
- Three replications

- Morgenrot mit Gabe von Wachstumsregulatoren

N-Stufe Ziel Pflanzenverfligbarer N-Gabe zum
N im Feinboden Schossen (BBCH 31)
NO 80 kg N/ha 82 kg N/ha 0 kg N/ha
N1 120 kg N/ha 82 kg N/ha 40 kg N/ha

Vera Draba - IPAS - 27th October 2015 116



Task #5: Evaluation of socio-economic effects related to application of innovations (2015-2016) at AB

Task #5a) Literature research
A literature research will be carried out, studying effects of breeding progress on resource efficiency, land use, possible grass
land re-use, wood re-use, net balance of CO, consumption, etc.

Task #5b) Analysis and monetary evaluation of field experiments in 2015 (Task#1a - #1e)
The 2015 field experiments will be analyzed and monetarily evaluated in regard to nitrogen efficiency, yield, effect of preceding
crops, pest management, seed density). The results will be compared with standard agricultural practices

Task #5c) Prediction of market acceptance of new barley cultivars
The potential market acceptance of new barley cultivars will be predicted based on current dynamics of market penetration of
new barley cultivars.

Task #5d) Analysis and monetary evaluation of field experiments in 2016 (Task#1a - #1e)
The field experiments in 2016 will be analyzed and monetarily evaluated in regard to effects of new genotypes on yield
stabilization compared to standard barley cultivars.

Task #5e) Predicting socio-economic effects of innovations
Based on the estimated market adaptation rates, the socio-economic effects of the new barley genotypes will be predicted.

Task #5f) Expert interviewing

Experts from plant breeding companies will be interviewed in regard to quantifying advantages of the non-invasive assessment
of quality and growth with the AGROVER hyperspectral imaging system. Also, possible effects of application of the
AGROVER system on breeding costs, selection gain per year and time required to market a new cultivar will be
interrogated.

Task#5g) Final documentation

Based on the assessments and interviews carried out, a final documentation of the possible effects of both innovations,
the utilization of exotic barley germplasm and the utilization of the hyperspectral imaging system for all clients
involved, barley breeders, and agricultural enterprises and consumers,will be assessed.
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Influence of nitrogen on the
phenylpropanoid pathway

i i
” OH L x OH
NH, - NH4 O/\/\
L - Phenylalanine trans — cinnamic acid

Decreasing of plant growth, leaves’ total nitrogen, amino acids, proteins,
chlorophylls and carotenoids contents

Nitrogen and phosphate deficiency leads to an accumulation of
phenylpropanoids and lignification
— E.g. 3-fold increase of anthocyanins under nutrient stress in tomato observed

Flavonoid accumulation under nitrogen stress seems to be non - specific

— N - deficient plants increase their availability of ammonia by enhanced deamination of
phenylalanine

LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH




Differences in the phenolic profile of both
locations

« Overlays of Barke and Scarlett of both locations showed no qualitative
difference in the phenolic profile between locations

PDA @ 280 nm PDA @ 280 nm 3,0E+06 -
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O 8 O0E+05 | | fin B Y 2 i
- . 1 mNo -) © Loeeos | | i EN1
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0.18 so0ew0s | | | it BN 0.14 S08105 1
' 2,00E+05 { | [ i '
0,00E+00 = = 0,0E+00 2 -
Merbitz  Halle Merbitz Halle
(Saale) (Saale)
0.09 Location 0.07 Location
0.00— M 0.00 ) MJL
0 2 4 6 8 10 0 2 4 6 8 10
Minutes Minutes
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—SampleName: A 2170_Scarlett N1_Location_Merbitz - SampleName: A1911 Location_Halle(Saale)

LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH Nwa !‘g“ﬁ




Single nucleotide polymorphism (SNP)

Hlumina
\l/ SERVIGE PROVIDER
Barke: | ...ACGTACAGTCA... n
Exote: | ...ACGTGCAGTCA... Trait

- Infinium iSelect 9k barley chip
at TraitGenetics, Gatersleben,
with 7,864 SNPs

- 5,727 SNPs are informativ in HEB-25

- Estimation of genetic similarity (GS)
between lines based on DICE

- Calculation of genetic diversity
with principle component analysis (PCA)

3 chips in lllumina BeadStation 500G
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High-throughput phenotyping of

S42IL growth under early drought stress

Pixel
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"Shoot Area" of Scarlett and S42IL-117

S42IL-117 (drought) Scarlett (drought) /

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

Days

mustralian Plant Phenomics Facility
Ml THE UNIVERSITY

1) /ADELAIDE

- Scarlett well watered

= = Scarlett drought

===SA42|L-117 well
watered

= =S42|L-117 drought

Honsdorf et al. 2014, PLOS ONE
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S42IL growth under early drought stress
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Rustralian Plant Phenomics Facility

THE UNIVERSITY

o ADELAIDE

- Scarlett well watered

= =Scarlett drought

===S42|L-117 well
watered

== S42|L-117 drought

Naz et al. 2012, Plant Breed

Honsdorf et al. 2014, PLOS ONE
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Genome-wide association study (GWAS) in HEB-25

* Multiple linear regression (MLR)

— Cofactor selection (stepwise regression, forward-backward selection)

- correction for population structure and genetic
background

— Model: Y =u + SNP + HEB family + Cofactors + ¢

Multiple testing: Bonferroni-Holm
- QTL: Pyop oy < 0.05

Ref: Wiirschum et al. 2012, Heredity, 108: 332-340
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IPAS Projekt BARLEY DIVERSIHFY

Projektstart:
Effektiv: 01. Marz 2015
Ziele:

1. Zwei kurzlich erstellte Wildgersten-Introgressionsbibliotheken sollen
geprift werden, um a) die Biodiversitat der Kulturgerste zu erhohen und
b) ihre Produktivitat unter N-Mangel sowie unter zwei divergierenden
Fruchtfolgen zu erhdhen.

< T T

S )

:::::::

2. Pflanzenwachstum, Nahrstoffgehalte und Zellwandzusammensetzung
sollen mittels eines nicht-invasiven Hyperspektral-Messsystems (AgRover)
vorhergesagt und genutzt werden, um bessere Genotypen zu selektieren..
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Field trial Merbitz 2015

Introgression Lines (ILs) significantly (Png from
Scarlett in thousand grain weight (TKG) or plant height (HEI )¢
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Field trial Morgenrot 2015

Lines significantly (P<0.05) deviating from Scrltt in
thousand grain weight (TKG) or plant height (HEI)
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