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1. FlowerPower Project

Establishing a new generation of horticulturists: Multidisciplinary approach for 
breeding innovative novelties using classical and biotechnological methods 

European Industrial Doctorates (EID)

• Joint doctoral training at least one academic partner entitled to award doctoral degrees,
and at least one partner from outside academia, primarily enterprise.

• Each ESR is enrolled in a doctoral programme and supervised by supervisors from the
academic and non-academic sector

• Aimed to develop skills inside and outside academia that respond to public and private
sector needs.

• The organisations should be established in at least two different EU or associated
countries.
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1. FlowerPower Project

ESR1 (Benjamin Walliser – TUW/Selecta) - Anthochlor biosynthesis
and its application in biotechnological breeding for novel flower
colour

ESR2 (Vinicius Vilperte – LUH/Selecta) - Molecular studies on the
anthocyanin pathway in red and white-flowering roses and poinsettias

ESR3 (Carmen Stefanini - TUM/Selecta) - Isolation and identification
of the “poinsettia metabolites” and elucidation of their role in
anthocyanidin and flavanol biosynthesis in poinsettia and roses

ESR4 (Rares Lucaciu – UNIVIE/Vertis) - Bioinformatic analysis of next-
generation sequencing data obtained from poinsettia, dahlia, rose
and scab infected apple tissues

ESR5 (Daria Nitarska – TUW/Selecta) - Genome editing approach for
the creation of blue flowering poinsettia

ESR6 (Martina Kolarek – TUM/BayOZ) - Isolation and identification
of the “poinsettia metabolites” and elucidation of their role in
anthocyanidin and flavanol biosynthesis in apple tissues
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2. Poinsettia and the white paradox

Euphorbia pulcherrima Willd. ex Klotzsch

• Euphorbiaceae family

• Mexico as center of origin1

• Genus Euphorbia contains 24 species

• Cassava (Manihot esculenta Crantz) and the
castor oil plant (Ricinus communis L.)

• Jatropha curcas L.  Complete genome

• E. esula L .and E. fischeriana 

Transcriptome2,3

• White poinsettias  Induced artificially by
radioactive irradiation

Figure: Trejo et al. 2012
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1 Trejo et al. 2012; 2 Horvath et al. 2008; 3 Barrero et al. 2011. 5/23
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2. Poinsettia and the white paradox

White paradox

• Occurrence of uncoloured (=acyanic) varieties although gene expression and enzyme activities
involved in the formation of red anthocyanin pigments can be determined.

Figure: Taiz and Zeiger (2010), Grotewold (2006), modified by M.Sc. Dóra Klára Pinczinger 6/23



2. Poinsettia and the white paradox

Fig.1: Tanaka et al. (2008), modified by M.Sc. Dóra Klára Pinczinger; Tables 1 and 2: Slatnar et al. 2013

Fig. 1

Table 1

Table 2
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2. Poinsettia and the white paradox

1Grotewold (2006); 2Gomez et al. (2011); Fig.1: Grotewold (2006), modified; Fig. 2: Sun et al. (2012)

Anthocyanin transport

• Synthesized on the cytoplasmic surface of the endoplasmic reticulum (ER)

• Two models for anthocyanin import into vacuoles: I) transporter-mediated model and II)
vesicle trafficking-mediated model1

• Vesicle-like structures (called anthocyanoplasts) and imported into the central vacuole
probably in a vesicle fusion manner2

Fig. 1

MATE (TT12)
ABC transporters

Fig. 2
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2. Poinsettia and the white paradox

Fig.1: Ramsay and Glover (2005); Fig. 2: Baudry et al. (2004); Fig. 3: Zhu et al. (2015)

MYB–bHLH–WD40 protein complex

Fig. 1

Fig. 3

Fig. 2

DFR
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3. Transcriptome analysis

Fig.1: Ramsay and Glover (2005); Fig. 2: Baudry et al. (2004); Fig. 3: Zhu et al. (2015)

Transcriptome assembly

Total RNA isolation 
Illumina cDNA library

rRNA filtering
Quality trimming

de novo Trancriptome 
assembly

Transcriptome 
annotation

Transcriptome 
draft

Illumina HiSeq2000
~300M 2x100 paired-end reads

Trimmomatic v0.32
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3. Transcriptome analysis

Fig.1: Ramsay and Glover (2005); Fig. 2: Baudry et al. (2004); Fig. 3: Zhu et al. (2015) 11/23

Assembly stats

Number of 'genes’ 55,191

Number of ‘transcripts’  166,153

Assembled bases  230,721,719

N50  1956

Transcriptome assembly

Annotation stats

83,440 contigs with annotation

13,840 unique proteins



3. Transcriptome analysis

Fig.1: Ramsay and Glover (2005); Fig. 2: Baudry et al. (2004); Fig. 3: Zhu et al. (2015)

Differential Gene Expression (DEG)

Total RNA isolation 
Illumina cDNA library

rRNA filtering
Quality trimming

Trancriptome mapping

Read counting
Differential Gene 
Expression (DEG)

Plot of the 
results

Illumina HiSeq2000
2x100 paired-end reads

Trimmomatic v0.32

RSEM
x

Kallisto

DESeq2
x

edgeR
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3. Transcriptome analysis

Fig.1: Ramsay and Glover (2005); Fig. 2: Baudry et al. (2004); Fig. 3: Zhu et al. (2015)

Kallisto RSEM
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3. Transcriptome analysis

14/23
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3. Transcriptome analysis
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3. Transcriptome analysis
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3. Transcriptome analysis

Vitrac et al. 2000; Fig.1: Bulgakov et al. 2016. 17/23

 Involvement of Ca2+, calmodulin, and protein kinases, in the
induction of anthocyanin biosynthesis1

Fig. 1. Calcium signaling



4. Transient gene expression

Transient expression in Poinsettia

• Glutathione S-transferase (GST) infiltration

A: Genotype 3174 bract not infiltrated. B and D: Genotype 3174 infiltrated
with EHA 105 Agrobacterium strain, green coloration in the infiltration
area. C: Genotype 3119 infiltrated with EHA 105 Agrobacterium strain,
visible necrotic cells in infiltration area. 14 days after infiltration.

Figures: M.Sc. Dóra Klára Pinczinger

GFP ‘16e’ infiltration
in Poinsettia
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Transient expression in Poinsettia

UBQ10:dsRed

Lobelia erinus

Calibrachoa

Euphorbia pulcherrima

dsRed cloned in several Agrobacterium strains
• GV3101
• GV2260
• EHA.105
• ABI

4. Transient gene expression
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Transient expression in Poinsettia

35S:GUS

Positive control

Leaf sections incubated overnight with bacteria solution

Bracts kept on the plant
Bracts kept in a humid 

plastic box

4. Transient gene expression
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Transient expression in Poinsettia

35S:dsRed UbiHA:dsRed

4. Transient gene expression
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• PacBio Single Molecule, Real-Time (SMRT®) will be performed from the same
homozygous genotype

- Iso-Seq method  generates full-length cDNA sequences (5’ end of
transcripts to the poly-A tail) eliminating the need for transcriptome
reconstruction using isoform-inference algorithms;

- Capable to capture full-length isoforms up to 10kb;

5. Follow up analysis

• New Illumina RNA-Seq for one red x
white pair

- 3 color development stages;
- 3 biological replicates;

• Small RNA-Seq

- Look for miRNAs and/or siRNAs.
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