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Case studies

 Stellenbosch University
* Grapevine Genetics, Genomics and Breeding

* Functional genomics
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Functional characterisation of genetic elements regulating bunch morphology in grapevine
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Case study:
Investigating QTLs r~3p

Using the VITVIZ tools
http://vitviz.tomsbiolab.com/

Our lab employs metabolic QTL analysis to identify genetic variance associated with
grapevine quality traits

Flavour and aroma, disease resistance and post harvest
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http://vitviz.tomsbiolab.com/

QTL mapping for Cuticular Waxes

 Why cuticular waxes?
* Interaction point between the plant and its environment
* Regulates non-stomatal water loss
e Defence against fungal attack
* |[n grapevin
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QTL mapping for Cuticular Waxes

Alkanes Acids
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* Very long chain fatty acids (VLCFAs)
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* Intra- and epicuticular gL
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 Specialised metabolites:
* Triterpenoids
* Phenolics

Triterpenoids

oleanolic acid glutinol (pepper) lupeol (pepper)
(peach, cherry, apple, olive)

hederagenin (apple) oa—amyrin (tomato, pepper) B—amyrin (tomato, pepper, orange) d—amyrin (tomato)



QTL mapping for Cuticular Waxes
Mapping population
Deckrot X G1-7720

Created by Ms Phyllis Burger



QTL mapping for Cuticular Waxes
Mapping population

Deckrot Gl -7720
Wine grape Table grape |
Red flesh White flesh §
Seeded Seedless
Small berries Large berries
Compact bunch Loose bunches

Neutral aroma Aromatic |2
Waxy Polished | %%




QTL mapping for Cuticular Waxes

 Cuticular wax quantification via Gas Chromatography-Mass
Spectrophotometry (GC-MS)

» 47 different waxes identified in the mapping population
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QTL mapping for Cuticular Waxes

Alcohols Alkanes

e

Total wax

. H

* Wax accumulation segregates across the population
* The quantities of individual waxes used as input for QTL mapping

I L J | [ [ ﬂ I J |
400 500 600 700 500 600 700 800 900 1000



QTL mapping for Cuticular Waxes
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Investigating a QTL for triterpene
accumulation

LG9 * Strong QTL identified on LG9 for beta-amyrin
 LOD: 12,57
* PVE: 47,4

* Beta-amyrin is the is a triterpenoid and the precursor
molecule to abundant oleanolic acid

g * Has bioactive and antifungal properties

* Number of genes: 372
* Which gene(s) are responsible for triterpene formation?




Triterpene biosynthesis

* In 2016, eight triterpene synthases (TTSs) were identified in
the grapevine genome (Pensac et al, 2016)

* First version of the genome was analysed

* When we performed a genome anlaysis using the updated
genome (V3), we found an additional four TTSs

* Six TTSs were found in the QTL region



Triterpene biosynthesis

* But, one step of the triterpene metabolic pathway in Vitis is known

* Fukushima et al, 2011
* |dentified a CYP716A gene W

that is a key step in triterpene e
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Co-expression analysis

* Using a gene known to be part of a biosynthetic
pathway as bait in a co-expression analysis can
identify candidates involved in the same processes

* Using VITVIZ a co-expression network was

generated for the TTS candidates and the known
CYP

* Only one TTS co-expresses with TTS1
CYP716A17

* Co-expressed in 50% of the publicly
available gene expression data

* Importantly, TTS12 sequence data was not

present in original genome
CYP716A17




TTS12 — A grapevine beta-amyrin synthase?
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Using GRAPEDIA tools

* Quickly (and accurately) narrow down our candidate gene lists
* From 372 candidates to functional gene

* Access and browse curated genomic data for Vitis
e Other tools allow for metabolite-gene co-accumulation analysis

* There is a daunting amount of genomic data in existence for Vitis, and tools
like these help us to harness that knowledge

* Next steps:
 Have the TTS12 gene, but need to find the underlying sequence mutation
* Other QTLs are being interrogated

 Utilise knowledge generated in breeding

 New tools from GRAPEDIA
e SNP browser
e QTL browser

The Grapevine Genomics Encyclopedia

( 4 Grapedia




GRAPEDIA workshop

* Presented by Dr Tomas Matus

* Location: Stellenbosch University \l 4 Grd edid
 Date: Tuesday 5t December L p
, The Grapevine Genomics Encyclopedia

* Time: 9:00-13:00
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