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Training in organic breeding organized in 5 Modules

1. Module 1 - Plant Genetic Resources (PGRs): collection, conservation 

and exchange to support the increase of agrobiodiversity in farming 

systems 

2. Module 2 - Phenomics: approaches and tools for genetic resources 

and breeding material characterisation - FEBRUARY 3rd 2025, 9:00 

to 17:30 CET

3. Module 3 - Breeding methods fundamentals - FEBRUARY 13th 2025, 

9:00 to 18:00 CET

4. Module 4 - Development and application of molecular methods in 

organic breeding - MARCH 4th 2025, 9:00 to 18:00 CET

5. Module 5 - Organic heterogeneous material (OHM) design 

and development - MARCH 7th 2025, 9:00 to 18:00 CET



Planned for today

▪ Give full walk through

▪ Sampling populations 

▪ Isolation of genomic DNA/RNA

▪ Genotyping approaches

▪ Analysis pipelines to transform bare DNA into knowledge

▪ Simple Settings (e.g. Parents known, biparental cross)

▪ Complex Settings (e.g. Multiple parents, no reference information)

▪ Results and assumptions to draw (by examples)

▪ Time for discussion & a small Quiz
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Questions are welcome anytime



Creating organic heterogenous material
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Organic heterogenious material

3 parents crossed, 2 wild relatives

Modified figure from Lowry & Wills 2021; doi.org/10.1371/journal.pbio.1000500

P2 P3P1 P1

Bulk and send to field

https://doi.org/10.1371/journal.pbio.1000500


Google earth

Crop wild relative x elite variety →
𝑐𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙

𝑜𝑟𝑔𝑎𝑛𝑖𝑐
𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 + 26 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 − 𝑎𝑟𝑡𝑖𝑓𝑖𝑐𝑖𝑎𝑙 𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 = ? ? ?

Experimental evolution – natural adaptation to farming systems



We want to know..

What is happening in these populations?

How are they adapting?

How does the environment impact the pop.?

(Climate, soil, farming practice,..)
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Sampling populations / OHM
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1. Step

get the DNA from the population
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How to?

1. Selecting x-hundred seeds as a representative sample for the entire population

2. Grinding the seeds to flour (medium fine) 

▪ No greenhouse required (+)

▪ Low labour costs (++)

▪ Liquid nitrogen required for oil rich seeds (-)

▪ Grinding slow or requires special mill insets (-)

▪ DNA extraction challenging (--)

or

2. Collecting equally sized leaf discs for each genotype to test

▪ Greenhouse required (-)

▪ 14 days delay until sample collection (-/+)

▪ High labour demand due to leaf sampling (equal size) (--)

▪ Liquid nitrogen requiered (-)

▪ Collection in 5 ml Eppendorf tubes possible – parallelized grinding in a swing mill possible (+)

▪ DNA extraction simple (++)

3. Extracting DNA (RNA) – for example with the Seed mini kit (Zymo)

▪ Starting material

▪ Flour : 

▪ min. 7.5 ml falcon tubes and 1g Flour starting material

▪ Additional purification steps required to remove secondary compounds (starch, oil)

▪ Over night eluation in Water necessary to increase yield

▪ Leaf discs

▪ Grinding of disks to very fine powder – ensures equal contribution of each genotype

▪ Standard DNA / RNA extraction procedure
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Money is a limited factor, so we are going to construct a pooled sample

Ref: https://www.aatbio.com/resources/assaywise/2022-11-1/overview-of-dna-extraction-methods

https://www.retsch.de/de/produkte/zerkleinern/
kugelmuehlen/schwingmuehle-mm-400/
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Keep in mind – the grinding step will effect your DNA fragment size and overall output

https://www.retsch.de/de/produkte/zerkleinern/kugelmuehlen/schwingmuehle-mm-400/


2. Step

performing the genotyping
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Selecting the relevant genotyping approach
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Genome coverage
(cost for 17 GB genome size)

Whole genome
sequencing (WGS)

RNAseq² Genotyping by
sequencing (GBS)³

Oxford Nanopore / 
PacBio HiFi

Base precision 99.999% 99.999% 99.999% 99-99.99%

Biggest Advantage Entire genome Higher coverage Higher coverage Haplotype calling

Biggest Disadvantage Short fragments Expression bias PCR duplication Early stage tech

Costs 2 3 1 4

Usefulness high medium low best

Quality 
assessment

Read 
trimming

Alignment to
reference

Duplicate read
removal

SNP calling
and correction

Read depth
per SNP 

Haplotype
construction

Data processing

² - not all genes are expressed, expression bias
³ - few, targeted loci sequenced. Duplications not removable

The more related the parents are,  less SNPs can be found =>  requires higher sequencing depth

Illumina sequencing



Technical requirements for poolseq

Knowledge of parental haplotypes

▪ Parental lines need to be genotyped
▪ (Only necessary for short read sequencing)

High quality Sequencing

Reference genome

Optional for improved results – SNP database
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3. Step

Genotype cost efficient
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How can we estimate the accurate frequency (for low costs)?

1. Knowledge about haplotypes – which SNPs allele are linked in the parental lines

2. Linkage disequillibrium – SNP variants are linked on the same genomic fragment
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The simple answer – from:

low coverage sequencing + bioinformatics + reference infromation



Strategies to increase power at low squencing depth
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Strategies to increase power at low squencing depth
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Strategies to increase power at low squencing depth
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Strategies to increase power at low squencing depth
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Strategies to increase power at low squencing depth



Read depth - 85
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Strategies to increase power at low squencing depth



Read depth - 10 RD - 52 RD - 19 RD - 4
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Strategies to increase power at low squencing depth



How does the theory convert into practice?

Comparing

288 genotypes, 
single and pool
sequenced

KASP markers to
pool sequencing

Using curated SNP 
databases to filter SNPs 
can improve the
haplotype estimation
accuracy

Single SNP Gene annotated haplotypes
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Summary

• Aggregating reads on the same recombination block can

result in massive cost reductions compared to commonly

nesseary sequencing depth (100-500x – cost reduction of

80-90%)

• The system works well if we have two parents which act as

reference, so that the reads can be assigned to the

respective parent
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But how do we handle more complex systems?
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Organic heterogenious material

4 parents crossed, 2 wild relatives

Modified figure from Lowry & Wills 2021; doi.org/10.1371/journal.pbio.1000500

P2 P3P1 P1

Bulk and send to field

P4 P1

https://doi.org/10.1371/journal.pbio.1000500


We got a problem..
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What can we do to overcome this dilemma?

• Phasing of haplotypes

➢With a combination of SNP (haplotypes), we can differentiate the

parents

➢ATA → P1, ATG → P2, CCG → P3

- 26 -We can achieve this with a long-molecule sequencing approach – PacBio or ONT



Advantages of long-read sequencing apporaches

1. Phasing of haplotypes

➢With a combination of SNP (haplotypes), we can differentiate the parents

2. Methylation information

➢ short-term adaptation patterns related to the environment

3. Microbe identification on long fragments

➢Shotgun approach with long fragment might allow better classification and quantification 
(compared to 16S and ITS)
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We cannot only get the genetic information, but also describe short-term adaptations (methylation) & the
Mulitplication environment – describe the population as a result of the holobiont



How does the phasing to haplotypes work?

?
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301. Align to reference genome 2. Identify SNPs in read 3. Extract SNPs
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(Epigenetic variations)



Overview figure – how to perform the analysis without the

parental haplotypes known? – Canva generated

- 32 -



So finally, what information can be obtained from the
genotyping?
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(1) Are the populations different? (Statistcally significant)

▪ Ultra low (short-read) sequencing

(2) What has changed? 

▪ Which regions are different?

▪ Low low sequencing

(3) Which traits were subject of frequency changes?

▪ Gene level differences (& Methylation patterns² & microbiome variations²)

▪ Medium low sequencing

² - only available using the latest Oxford Nanopore Techique



1 - Lowest level - are the populations different?

▪What is required? 

▪ Lowest sequencing depth

▪ Any genotyping method
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Low organic
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2- Intermediate level – approximate chromosomal regions under change

Mid

Barley
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Mid

Organic
Conventional

Origin (F3)
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Mid

Organic
Conventional

Origin (F3)
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Mid

Organic
Conventional

Origin (F3)
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Mid

Organic
Conventional

Origin (F3)
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Mid
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Mid

Organic
Conventional

Origin (F3)
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Mid

Organic
Conventional

Origin (F3)
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Mid

Organic
Conventional

Origin (F3)
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Mid

Organic
Conventional

Origin (F3)



How does it looks like in a more complex population?

BC2F3 (1998)

BC2F28 (2023)
[organic]

Natural 
adaptation
for 25 years

Mid



3- Highest level – identify candiate genes causing selection
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High

https://doi.org/10.1007/s13593-024-00962-8
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High

https://doi.org/10.1007/s13593-024-00962-8
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3- Highest level – identify candiate genes causing selection

Converting the Frequencies into phenotypic characterisitcs

High
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Validating the hypothesis from the
Genomic observations by
Phenotyping the populations
(Root morphology traits)

Parents BC2F24

High

https://doi.org/10.1038/s41598-022-23298-3



Interpreting allele frequencies is uncomfortable -
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Can I have a p(like)-value? 



Of course, here we go.. 
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Summary – What have we seen so far?

• Genotyping an entire population can provide a lot of
information for little costs

• Changes across generations can be tracked with a 
high precision

• The changes can also serve to predict changes in the
phenotypic characterisitcs

• Appling the latest advances in genotyping methods
can also highlight Epigenetic & Microbial
adaptations

- 52 -



So far? Is there more to it?

Yes, of course there is! We have not yet harvested

all information from the genotyping

We should take everything we get, when we

already spend money on the genotyping!
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Recombination detection
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Recombination detection
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The knowledge on the recombination rate 
provides also very useful information for the

breeding of new variaties or populations
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Individual crossing ability of parental genotypes

a longer genetic map is associated with a higher recombination rate in the off springs



Final conclusions

• The presented genomic approach can provide deep
information on populations, their change across years
and support breeding of new variaties or (O)HM 

• It helps to understand beneficial adaptations towards
niche environments

• And it could serve as..

OHM Track alternative – how could the genomics
help to track OHM and provide „open access“ to a 

constantly changing material?
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How could it be applied in OHM tracking?
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Thanks for your attention!
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