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Ornamental  Breeding @ Plant Breeding  

Overview  of research  

Paul Arens  

WUR Plant Breeding  

ÁCombined  group   

Á~200 researchers /postdocs/ technicians / students  
( including  ~70 PhD ôs and  30 MSc)  

ÁInternational composition  (>30 nationalities )  

ÁThree professors  

ÁTen Research group  leaders  

 

Biodiversity & genetic 

variation  

René Smulders 

Quantitative aspects 

of plant breeding  

Chris Maliepaard  

Non host & insect resistance 

Ben Vosman 

Biobased 

economy 

Luisa Trindade  

Breeding for 

resistance in 

Solanacea 

Yuling Bai  

Ornamentals & 

tissue culture  

Frans Krens 

Breeding for 

quality  

Arnaud Bovy  

 

Breeding for growth & 

development  

Guusje Bonnema 

 

Breeding for 

abiotic stress 

tolerance  
Gerard v/d 

Linden  

 

Mushrooms 

Anton 

Sonnenberg 

Mission: High yielding  crops with  excellent quality  which 
give stable yields under different conditions in a 
sustainable fashion 

Understand and unravel  

 mechanisms behind and  

 genetics of:  

Y̧ield stability  

Y̧ield adaptation  

Ŗesistance 

Q̧uality  

Şustainability  

 

Wageningen UR Plant Breeding  

Ornamental  Breeding  

ÁPre-breeding projects  ( lily , tulip , hydrangea )  

ƀInterspecific  crosses ( lily , tulip , hydrangea , 
helleborus )  

ƀPollination  techniques , embryo rescue , 
polyploidisation  

ÁBreeding tools and  genetics  of traits  in diploid  and  
polyploid  species ( chrysanthemum, lily , tulip , gerbera, 
rose , phalaenopsis , alstroemeria  and  begonia)  

ƀBreeding for  complex traits  by  MAS 

ƀMainly  disease  resistances  

ƀMore recently  also  post -harvest  and  
ornamental  traits  

Importance  interspecific  crosses?  

 

ÁIn most if  not  all  major crops  present or past 
improvements  on disease  resistance , performance 
shapes  and  colours  have relied  on interspecific  crosses  

ÁMany  polyploids  results  from  interspecific  crosses eg 
phalaenopsis , rose , chrysanthemum etc  

 

ÁInterspecific  crossing  

ƀDealing  with  crossing barriers  

ƀMuch  used , little  known  

ƀHear  say  

 

B. oleracea

n=9

B. carinata

n=17

B. napus

n=19

B. nigra

n=8

B. juncea

n=18

B. rapa

n=10

B. oleracea

n=9

B. carinata

n=17

B. napus

n=19

B. nigra

n=8

B. juncea

n=18

B. rapa

n=10

Triangle of U  

Rose haplogroups  
(Maliepaard) 
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Importance  of interspecific  crosses?  

ÁIn ornamentals  for  new flower  shapes  and  colours  

 

 

 

 

ÁImproved  agronomic  traits  

 

 

Intergeneric cross 
Amaryllis belladona 
x Nerine bowdenii 

 
 

 

Interspecific cross 
Longiflorum x Asiatic lily 
hybrids 

 
 

Overcoming  crossability  barriers  

ÁPre- fertilisation  barriers  

ƀFlowering  time   > pollen storage  

ƀPollen inhibition   > pollination  tricks & 
    methods  

 

ÁPost- fertilisation  barriers  

ƀEmbryo abortion   > embryo rescue  
methods  

ƀPlastome -genome  inc.  > plastid  inheritance  

ƀOvercoming  F1-sterility  > polyploidisation  

ƀIntrogression   > GISH, MAS  
        techniques  

Overcoming  interspecific  hybridization  

barriers  

Inhibition of pollen tube 
growth in the style 

Ovary with ovules 

Pollination 

 
Style manipulations: 
cut-style, grafted style 
 
 

(Janson, 1992) 

How to  overcome  hybridization  barriers ? 

ÁPre- fertilization  e.g.:  

 

 

ƀCut style  

 

 

ƀGrafted  style  

How to  overcome  hybridization  barriers ? 

ÁPost- fertilization , e.g.  

 

 

ƀOvary  culture  

 

 

ƀEmbryo rescue  

Stage = important  

Lily 
Tulip 

cross 

vitro vitro 

greenhouse 

Embryo to flowering hybrid, 1-3 year 
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Á  Through meiotic polyploidization 
ƀ 2n-gametes by FDR, SDR and IMR 

ƀ Spontaneous (abiotic stresses), induced 

by laughing gas 

ƀ Homoeologous recombinations 

Overcoming F1 sterility interspecific hybrids 

Â  Through mitotic polyploidization 

¸Somatic chromosome doubling 

¸Colchicine or Oryzalin 

¸Overcoming F1-sterility 

¸No homoeologous recombination 
 

Polyploidisation  

 

 

Flow 

cytometric 

detection of  

tetraploids 

To regeneration medium 

Slicing 

Oryzalin 

treatment 
Flow cytometer 

(Kwakkenbos, Van Dien, 1992) 

Mitotic 

 

 

Meiotic 

 

 

Meiotic  ï Nuclear  restitution  mechanisms  

Recombination  depending  

1st division  2nd division  

bivalents disjoin  
sister -chromatids divide  

Induction  of 2n gametes  to  overcome  

hybrid  infertility  

ÁMitotic  polyploidisation  mainly  used  

ÁMeiotic  polyploidisation  gives  recombination !  

ƀSpontaneous  2n production  is rare  

ƀInduction  methods  

Polyploidisation  induction  by  N2O 

ÁPMC meiotic  stages at bud  lengths  30 and  31mm  

Correlation between bud size and meiotic stage in pollen mother cells in Lilium 

Genotypes Bud length Meiotic stage 

óGluhweinô 

&  

 óShockingô 

<23 Interphase 

23-29 Prophase I 

30-33 Metaphase I-Telophase II 

>36 Pollen  

óNymphô 

&  

óYelloweenô 

<26 Interphase 

26-32 Prophase I 

33-36 Metaphase I-Telophase II 

>40 Pollen  
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Inducing  methods  
Inducing 

methods 
Genotypes 

Treating 

time 

No. of 

treated  

flowers 

No. and % of 

fertile flower 

Germination    

(%) 

N2O 

treatment 

 
0 h 

24 h 

51 

45 

0 

5(11.1%) 

0 

5-90% (32.0%) 

óGluhweinô 48 h 41 6(14.6%) 45-95% (72.5%) 

 72 h* 31 0 0 

 
0 h 

24 h 

63 

74 

0 

4(5.4%) 

0 

5-50% (18.8%) 

óNymphô 48 h 50 8(16.0%) 5-90% (32.5%) 

 72 h* 31 0 0 

 
0 h 

24 h 

67 

60 

0 

0 

0 

0 

óYelloweenô 48 h 46 2(4.3%) 10-90% (50%) 

 72 h* 30 0 0 

 
0 h 

24 h 

45 

49 

0 

0 

0 

0 

óShockingô 48 h 48 0 0 

 72 h* 25 0 0 

Low  

temperature 

óGluhweinô 96 h 57 0 0 

óNymphô 96 h 61 0 0 

óYelloweenô 96 h 58 0 0 

óShockingô 96 h 51 0 0 

Temperature 

fluctuation 

óGluhweinô - 65 1(1.5%) 5% 

óNymphô - 70 1(1.4%) 5% 

óYelloweenô - 75 1(1.3%) 5% 

óShockingô - 57 0 0 

 

Comparison  with  other  
methods  

Fertility of pollen  

control  N2O  
treated  

Fertility of pollen  Results  
Formation of viable 2n pollen at N2O treatment in different meiotic stages in Lilium 

Cultivars Meiotic stage 

No. of 

treated 

flowers 

No. of 

fertile 

flower 

% of 

fertile 

flower 

Range  

of 

fertility  

Mean 

fertility  

óNymphô 

Prophase I 54 12 22.2% 5-90% 27.9% 

Metaphase I 31 0 0 0 0 

T I ---T II*  42 0 0 0 0 

óGluhweinô 

Prophase I 63 9 14.3% 5-95% 50.5% 

Metaphase I 10 2 20.0% 70-90% 80% 

T I ---T II  17 0 0  0 

 

óYelloweenô 

 

Prophase I  

Metaphase I 

T I ---T II  

65 

25 

23 

2 

0 

0 

3.1% 

0 

0 

10-90% 

0 

0 

50% 

0 

0 

* T I ---T II : Telophase I ïTelophase II 

N20 can induce 2n pollen at 
high frequencies in sterile 
OT-hybrids  

Conclusions  

 

ÁMuch  hear  say generalisations , often  really  tested  
combinations  few  

ÁVery  genotype and  combination  dependent  

ÁStepwise  approach if  little  is know  
ƀ Pollen quality  (germination , viability , in vivo , é) 

ƀ Pollen tube behaviour  

ƀ Presence  embryo  and  endosperm  

ƀ Systematic  investigation  in vitro  culture ( ovary  and  ovule rescue )  

ÁSeveral  methods  of polyploïdisation exist  

ÁReward  of success  can  be very  high  

 

Cytogenetic  research meiosis  in hybrids  

ÁNadeem  Khan PhD ï Analytic  breeding  in LA hybrids  

ÁSonglin  Xie PhD ï Chromosomal  abberations  in meiosis  
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Recombination map LA hybrids  

ÁFertile diploid LA hybrids  

ÁAnalytic breeding possible  

ÁRecombination differences!  

Association failure  

Bivalents & univalents  12 bivalents  

Resistentie  onderzoek  Duurzamere rassen voor de sierteelt  

ÁDuurzame rassen dwz  rassen met een resistentie of 
verminderde vatbaarheid tegen ziekten en plagen  

 

vs  

Wat kan veredeling?  

ÁMet gerichte veredeling op weerbaarheid/resistentie 
genen kan de weerbaarheid van planten worden 
verhoogd  

ÁVoorwaarden:  

ƀResistentie in het gewas aanwezig  

OF 

ƀResistentie in kruisbare verwant van het gewas  

 

Wat is resistentie?  

ÁVerschillende typen resistentie:  

ƀGen om gen resistentie  

ƀMulti -gen weerstand  

ƀVatbaarheid gen  

ÁVaak variatie in resistentiegenen en in pathogenen  

ƀVooral van belang voor gen om gen resistentie  
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Hoe kun je resistente/weerbare rassen 

gebruiken?  

ÁLiefst combineren van verschillende types van resistentie  

ÁIntegreren in totale pakket van 
gewasbeschermingsmiddelen  

ÁAfhankelijk van gewas en pathogen  wisselen van rassen  

Situatie (glas) -groente veredeling  

ÁSterke focus op resistentie veredeling  

ÁRassen zonder resistenties tegen hele serie ziektes 
komen niet op professionele markt  

ÁBelangrijke drivers:  

ƀVoedselveiligheid (residuen)  

ƀBuitenteelten in andere landen  

ƀMilieu  

ÁChemische gewasbescherming in sommige teelten 
slechts sporadisch nodig  

 

 

 

Situatie sierteelt  

ÁResistentie of verminderde vatbaarheid is geen startpunt 
voor veredeling maar zit vaak aan het eind van een 
veredelingstraject  

ƀFocus op nieuwheid, schoonheid  

ÁIn kruisen resistenties in uitkruisende gewassen kost 
meer tijd en geld  

ÁChemische gewasbescherming in aantal teelten nog heel 
belangrijk (roos, lelie)  

 

Is er een noodzaak voor meer focus op 

resistentie veredeling?  

ÁWegvallen van Chemische middelen  

ƀResistentie pathogenen  

ƀMilieu overwegingen  

ƀMarktoverwegingen producenten  

ÁBehandelingen (oogst en verwerking)  

ÁKlimaat  

 

Doel merker onderzoek  

ÁMerkers waarmee je eigenschappen kunt volgen door 
koppeling op hetzelfde chromosoom  

ƀMerkers zijn willekeurig verdeeld en kunnen 
onderscheid maken tussen de twee chromosomen  

ƀOvererving naar nakomelingen zichtbaar te 
maken, zoeken naar associatie tussen merker en 
eigenschap  

ÁSelectie in veredeling door merkers  

ÁVoor gecompliceerde eigenschappen en/of 
eigenschappen die lastig zijn vast te stellen  

 

Eigenschappen: ziekte resistenties  

Concept van Marker Assisted Breeding 

Segregating  
population 

Marker(s) met Associatie 

 Fenotypering  
eigenschap Marker 

technology 

Selectie niet op eigenschap maar op markers (sequentie verschillen) 
 in veredelingsprogramma 

 
Indirecte Selectie 
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Veredelen voor resistentie (Dominant, 3 genen)  

A B C 

X 

A B C 

A B C A B C A B C A B C 

A B C A B C A B C A B C 

Resistent Vatbaar 

Resistent 

Resistance breeding in cut - tulips  

Tulipa  section  

ÁT. Gesneriana  

ƀCut flower  

ÁOther  mainly  garden use  

ÁCrossable  to   

  T. Gesneriana  

 

Tulip Breeding  

ÁPre-breeding in tulip : three  major diseases  

 

Tulip Breaking 

Fusarium oxysporum  Botrytis tulipae Tulip breaking virus 

Bulb/Basal rot Tulip Fire Tulip Breaking 

Disease  resistance  presence  in crossable  

species  

41  

Species  Botrytis  Fusarium  TBV 

T. albertii  +  +  +  

T. eichleri  -  +  +  

T. greigii  +  +  -  

T. fosteriana  +  +  +  

T. kaufmanniana  +  +  -  

Fosteriana  
hybriden  

*  *  +  

T. gesneriana  
 

+  +  -  

TBV resistance  

ÁSelection  for  TBV resistance    

ÁT. fosteriana  ï high level of resistance  

Cultivar            % Healthy  

-  Juan        24   

-  Madame Lefeber      79   

-  Princeps       100   

-  Cantata       100  

 

42  
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Chromosome  analysis  

ÁTulip 2n = 2x = 24 chromosomes    

ƀKaryotypes  similar  in shape  

ƀSecondary  constriction  not  visible  

ƀChromosome  pairing  difficult   

ƀT. gesneriana   chromosomes   

 longer  then  T. fosteriana  

 

 

2x 

Interspecific  hybridization  ïF1 hybrids  
 
Á Interspecific  hybridization  

 
ü T. gesneriana  x T. fosteriana  -  Darwin hybrids  

ü 2n -gametes   

ü Triploid  Darwin -hybrids , Apeldoorn  

ü Tetraploid  Darwin -hybrids , Judith Leyster  

ü n-gametes  Fertility ? Breakthrough !  

ü > Recombination ?  > GISH  

2n= 3x = 36  2n= 4x = 48  

control  GG 

2n = 2x = 24  

GF 

GISH analysis in Darwin -hybrids  ï F1 population  

Verification  of hybrids  

 

A B 

F/G 

F/G 

F 
F/G 

F 

F/G 

F/G 

F/G 

F/G 

F/G 

Primary root  

GISH analysis in Darwin -hybrids  ï BC1 

population  -> Recombination !  

2n = 2x = 24  

Marasek  et al. 

(2012)  

Plant Syst  Evol .  

Tulip: Introgression breeding  

ÁInterspecific  cross T. gesneriana  x T. fosteriana  

ƀDarwin hybrids  F1 sterility , triploids  

ÁBreakthrough : Fertility  in some  F1 hybrids  

ƀObtained  set of F1 hybrids  with  fertility  

ƀBC1 and  BC2 progeny  i.e. backcrossing to  T. 
gesneriana  (GG/F and  GGG/F with  1-12% F 
genome )  

 

Next step in breeding  

ÁIntrogression breeding on diploid  level feasible  

ÁStarting  breeding with  good  T. gesneriana  cultivars and  
GF hybrids   

ÁStart with  molecular  markers in population  

ÁPhenotyping of disease  resistance  TMV, Fusarium, 
Botrytis  

ÁMultiple years  of testing  

ÁDestructive  testing  in replications  

ÁReproduction  of bulbs  (up 10 -12) is a limiting  factor  

Á2012 start breeding based  on known  resistances  
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Mapping  population  

Maternal  

T. gesneriana 

óKees Nelisô 

 

 

Cross pollinated 

population 

125 F1 progenies 

 

Paternal 

T. fosteriana 

óCantataô 

Molecular  markers  

ÁGenotyping  started  in 2000  

ƀAFLPs 

ÁLater NBS -profiling ,  

ÁEST-SNPs and  EST-SSRs markers to  broaden  applicability  

ÁParental  maps , no integrated  map yet .  

KN map ï Maternal   

Linkage group  

Maternal map 

 Genome length 
1707 cM 

Median distance between 
markers  

3.9 cM 

95% percentile of distances 
16.2 cM 

Number of mapped markers  
342 

CA map -  Paternal  

Linkage group  

Paternal map 

Genome length 

 Median distance between 
markers  

3.1 cM 

95% percentile of distances 
13.3 cM 

Number of mapped markers  

300 

1201 cM 

Phenotyping ï TBV resistance  

Á TBV ( Potyviridae ) -  aphid  inoculation  

ÁField trial ï visual  observation :  

Two  forms  of symptoms  in flower :  

ƀMild ï darkening  of colour ( can  be pre -stadium)  

ƀSevere -  Breaking  of colour  

Influence  of duration  of infection  and  flower  age . 

ÁLeaf  symptoms  difficult  unless  severe infection  

ÁElisa for  white  and  yellow  flowered  genotypes   

ÁTBV mapped  in population  

Fusarium  resistance  test ï Visual  

ÁSoil  infection  (2011 & 2012)  

ƀThree Fusarium oxysporum  f. sp. Tulipae  isolates  
(Tu47, Tu58, Tu67) were  incubated  separately  
and  well mixed with  substrate  before  use  

ƀFive replicate  bulbs  for  each  progeny  

ƀEach bulb  was put into  a separate mesh  bag with  
Fusarium  contaminated  substrate , placed  in a 
crate  and  covered  by  plastic bag to  preserve 
moisture  

ƀBulbs  were  kept  in greenhouse  (18 -20 �( ) for  8 
weeks  


