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Almond (Prunus dulcis) is the only nut crop of the Rosaceae. As one of the earliest species to bloom in 
spring, almond trees can experience severe crop loss due to late frosts and unfavourable climatic 
conditions. The Australian almond breeding program is one of the world’s major almond breeding 
programs and has developed a genetic linkage map. One of the objectives of the project is to investigate 
the inheritance of flowering time. The flowering time of a “Nonpareil x Lauranne” population was 
evaluated for two years. The proportion of buds and flowers including seven stages of bud and flower 
development recorded for each tree using same procedures in each of two years. A proportional odds 
logistic model was used to analyse the data, considering the timing of development of buds and flowers 
as a latent variable that was estimated for each tree on each occasion recorded. These estimates of flower 
timing were used in QTL analysis of flowering time. It is hoped that our work will lead to the 
identification of genetic markers useful in breeding for altered flowering time. 
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Improving fruit quality of apple varieties is an important but complex breeding goal. Flavour is among 
the key factors of apple fruit quality but in spite of the analytical and biochemical knowledge about 
volatiles little is known about the genetic and molecular bases of apple aroma. The aim of this study was 
to use a saturated molecular linkage map of apple to identify QTLs for aroma compounds such as 
alcohols, esters and terpenes, but also for a variety of unidentified putative aroma compounds. Two 
parental genetic maps were constructed for the apple cultivars 'Discovery' and 'Prima' by using mainly 
AFLP and SSR markers. 'Discovery' and 'Prima' showed very different volatile patterns, and 'Discovery' 
mostly had the higher volatile concentrations in comparison with the Vf- scab resistant 'Prima' which has 
its origin in the small-fruited apple species M. floribunda. About 50 putative QTLs for a total of 27 
different apple fruit volatiles were detected through interval mapping by using genotypic data of 150 F1 
individuals of the mapping population 'C3' together with phenotypic data obtained by HS-SPME (head-
space solid phase micro-extraction) gas chromatography. QTLs for volatile compounds putatively 
involved in apple aroma were found on 12 out of the 17 apple chromosomes. These are the linkage 
groups 1, 2, 3, 5, 6, 7, 9, 11, 12, 15, 16 and 17. By far the largest QTL cluster was detected on the lower 
half of LG 3 of 'Discovery'. Four out of the six alcohols analysed as well as esters showed pronounced 
QTL effects in this genomic region of the Malus genome. Other important QTL clusters were located on 
linkage groups 2 and 9. In a first attempt to map candidate genes putatively involved in volatile 
metabolism a LOX (lipoxygenase) candidate gene was mapped on LG 9 which seems to be genetically 
associated with a QTL cluster for ester-type volatiles. The position of additional candidate genes 
putatively involved in biosythesis of aroma-related volatiles will be presented. Implications for aroma 
breeding in apple are discussed. 


