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Introduction

Family: Rosaceae (Prunus, Malus, Pyrus....); Subfamily: Rosoideae
(Fragaria, Rubus, ...); Genus: Rosa (over 100 species)

Chromosome numbers in the genus Rosa are based on multiples of
seven and range from 2n=2x =14 to 2n =8x =56

Species: R. hybrida L. - The cultivated roses, perennial shrubs, highly
hetrozygosity, mostly autotetraploids (2n=4x=28), with a small
genome estimated at about 550 Mb (0.57 pg/1C)

Roses have been admired for their beauty and fragrance since the
dawn of civilization and there are evidences that roses were
cultivated 5000 years ago by the ancient civilization of China.

The rose accounts for two-thirds of the international cut floral
industry which exceeds 40 billion dollars per year.

Surprisingly, little is known about the rose genetics because of
technical factors that make the rose difficult model for genetic
analysis: high hetrozygosity, difficulties in sexual reproduction from
pollination to seed germination and high ploidy levels.



Objectives

* Constructing genetic linkage maps of
autotetraploid roses.

* Characterizing and mapping of simple and
complex traits in autotetraploid roses.



Autotetraploid Linkage maps

Golden Gate®(GG) - Kordes * Fragrant Cloud’(FC)- Tantau
Cutting variety e Garden variety

Yellow- Carotenoids * Red peach- Flavonoids
Sensitive to pests and disease * Resistant to pests and disease
Barely prickled e Highly prickled

Small-medium bud e Large bud

Lack a distinct odor e Strong fruity scent

Vase life — 12-14 days e Vase life - 5 days

Mapping population of 132 siblings- “GGFC”



Autotetraploid Mapping- Double pseudo
testcross strategy
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« Simple genetic traits segregate up to 35:1 ratio
compared to 3:1 in diploids models
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*111 common
markers.

* 128 sequence-
based markers.
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Map validation- The synteny between Rosa and Fragaria
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Macro-synteny
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Phenotyping



Vase life experiments
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Bush growth and development




Number of prickles




Metabolic profiling of rose scent

* Flowers at developmental
stage 4 were collected.

 Some of which were
analyzed for volatiles
content using a GC-MS
headspace.

* From the remained
flowers, samples of Petal
tissues (stage 4) were
collected and sent to
primary and secondary
metabolic profiling.




Volatiles measured by GCMS (gas
chromatograph mass spectrometry)




Secondary metabolites measured by
LCMS (liguid chromatograph mass
spectrometry)




Large Scale Phenotyping in Tetraploid Roses
as a Tool for Locating and Mapping Traits
at the Whole Plant Level

Character Groups | Number of Collaboration Measuring Tool
characters
Michal Oren-Shamir- Agricultural Research
Flavonoids 8 Organization HPLC
Secondary
Metabolites 116 Asaph Aharoni- Weizmann Institute LCMS
Anatomy and
Morphology 54 Manually
Fertility 4 Manually
Growth and
Development 28 Manually
Quality 17 Manually
Yield 15 Manually
Primary Alisdair R Fernie- Max-Planck institute GCMS
Metabolites 85
Aaron Fait- Ben Gurion University GCMS
Carotenoids 12 Joseph Hirschberg- Hebrew University HPLC
Volatiles 102 Eyal Fridman- Hebrew University GCMS —Headspace




How can we
interpret this

data?
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Cartography of complex networks

The algorithm finds modules in networks. Each module represents a subset of nodes
that are connected to each other more than to nodes in other modules.

Implementing
the algorithm

(Guimera, Nature, 2005)



Visual Legend for default-

Node Label is displayed as ID
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* Powdery Mildew disease in roses caused by the fungi Sphaerotheca
pannosa (Wallr) Lev. var. rosae War. is one of the most common disease
globally , damaging both greenhouse and open field roses.

Score |Disease Coverage (%) |Infected Tissues
1- 50-90 all plant tissues
leaves, apices, sepals, receptacles, sometime stems pedicels and
2- 35-50 petals
3- 5-34 leaves, apexes, sometime sepals and receptacles
4- 0-4 only leaves




Correlation between some secondary
metabolites and resistance to Powdery Mildew

 The LC-MS run yield 4807
fragments that were name =
secXXXX.

* By using statistical we were
able to reduceitto 116
representative fragments.

* We detect seven fragments
showing strong correlation
with the level of the
Powdery Mildew resistance.



Correlation between some secondary
metabolites and resistance to Powdery Mildew

Secondary metabolite

Powdery Mildew (leafs) (flowers)




Second experiment

* To check the repeatability of the results in other

rose varieties and to check the relationship with
powdery mildew resistance.

e 15 resistant and 15 susceptible genotypes were
selected.
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Petals LCMS Analysis- First run results for
the selected varieties
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Fragment 6
Petals LCMS Analysis

Name: sec1510
Comment: RT=7.16 & MZ=859.06

Formula: C7sHs5204s

1. TOF M5 ES-

IL_0s0212_9
859.06 0.20Da
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. BQ;
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* Following further analysis of
the seven fragments
according to their mass and it and Boloa o gt
R.T and the data of the )
related mass we determined 7@
that all fragments are
hydrosable tannins.

* To be more specific
Ellagitannins.

Chebulinic acid Chebulagic acid



Ellagitannins in Rosaceae and Resistance to Powdery Mildew

* Ellagitannins may be important for the resistance to powdery mildew
in strawberries as their accumulation was strong and rapid enough to
inhibit the initial phases of infection.

* No firm conclusions can be drawn yet concerning the functions of
ellagitannins in plant defense against pathogens.

* However, antimicrobial, antioxidant and protein binding capacity of
ellagitannins suggest a protective role in plants.

Hukkanen et al. (2007)
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The recipe to rose scent

* Over a period of six years the roses segregating
population was evaluated for smell strength by more
than 50 students thus generating a reliable score for
this trait.

* Using a GC-MS headspace technique we detect in
the GGFC population 102 unique volatiles.




Reintroducing Fragrance to Cut Roses -
Breeding Autotetraploids

 The intensive breeding
efforts for cut roses
with long vase life
considerably narrowed
the genetic basis of the

crop and eliminated the

scent of the flower.

 Consequently, most of
the modern cut flower
rose varieties today are
odorless.

nt strength

Cut flower sce
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R=-0.31
N=131
P=0.00035

Vase survival
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Correlation between a volatile and
scent strength (example)

cut flower scent strength
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Eight components (volatiles) linearly correlative with
flower aroma

 Three beta ionone derivatives and trimethoxybenzene.
* Eicosane and heptadecane are odorless.

 Heptadecene has been reported from other perfume-
flowered species but not in the Rosaceae family.

* Decanal is an important component of cumin and
buckwheat odor. Moreover, decanal also differs from the
other volatiles as it showed a negative correlation with
scent strength.

* These findings may suggest that these volatiles contribute
to the rose unique scent via different numerous
mechanisms.



Classification and Regression Trees (CART)

CART tree is generated by repeated dynamic
partitioning of data set which automatically
determines which variables and regions to focus on. |

Seek the splitting variable j and split point s that
minimize the inner variance of the sub-groups.

Path through the tree governed by the answers to |
questions or rules (Yes= left; No= right) Xs

X
At some point a given path ends in a terminal node,
all records in the node are assigned to a single class ¥ <y

“Regression trees have not been used much

complex interactions can be expressed
through regression trees does make them

Xa <1a
in genetics, but the natural way in which |*W
Ry Ha Hy
intriguing” (Broman & Sen 2009).




CART Analysis - Volatiles

HEPTADECANE 1<=157

Node 1
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1
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CART Ensembles Analysis- Volatiles

volatiles with the largest influence on the variance of

* According to the CART ensembles analysis, the
fragrance in this population are: beta ional,

heptadecane, heptadecene and decanal.
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Conclusion remarks

Constructing autotetraploid maps.
Comparative and evolutionary studies.

PM resistance and Ellagitannins .

Flower aroma and volatiles.

CART as a tool for analyzing complex traits.

“As we look ahead to developing new technologies,
methodologies and training new minds, we must
remember that no single technological advance or
statistical method will unravel the genomic mystery.
Instead, it will be the conglomeration of ideas,
techniques and analyses that provide the end to this
endeavor” Doerge (2002).
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