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Introduction 

The fresh-market blackberry (Rubus subgenus Rubus) has 
become an increasingly important food crop around the world 
with an annual market value of over $634 million in the US 
alone (CA Strawberry Commission, 2018). Primocane-
fruiting allows blackberry plants to develop flowers and buds 
on first-year canes in addition to normal fruiting on second-
year canes (Fig. 1).  This trait can be beneficial to commercial 
production by potentially extending the growing season and 
creating a double-crop system for higher yields (Clark and 
Salgado, 2016). Primocane-fruiting is suspected to be 
controlled by a single genetic locus. Only individuals that 
have the recessive allele on all four homologs will be 
primocane –fruiting (Lopez-Medina et al., 2000; Castro et al., 
2013). Another study in raspberry has indicated that other 
candidate genes may potentially regulate the expression of the 
trait or may contribute quantitatively for primocane-fruiting 
(Jibran et al., 2019). Tools for genetic research in polyploids 
are somewhat limited due to their more complex patterns of 
inheritance. Advances in techniques such as an optimized 
genotyping-by-sequencing method for polyploids 
(GBSpoly/omeSeq) and applied statistical modeling has 
yielded more accurate results for gene detection. 
The objectives of this study were to: 
• Phenotypic analysis of primocane-fruiting in a segregating 

population 
• High-throughput NGS-based SNP calling and filtering 

with dosage information in autotetraploid blackberry 
• Identification of genomic region(s) controlling primocane-

fruiting 
• Create a saturated linkage map of tetraploid blackberry 

using GBS 
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• A biparental population consisting of 245 individuals was 
made from a cross between primocane-fruiting APF-
259TN (aaaa) and floricane-fruiting A-2551TN with one 
primocane-fruiting parent (AAaa) 

• Phenotypic analysis consisted of visually detecting flowers 
or floral buds on primocanes during the 2018 and 2019 
growing seasons 

• 9 individuals were identified as primocane-fruiting for both 
growing seasons 

• GBS library preparation following the GBSpoly protocol 
optimized for highly heterozygous and polyploid genomes 
(Wadl et al., 2018) was done at the NCSU-GSL 

• The black raspberry (R. occidentalis) v.3 assembly was 
used as a reference (VanBuren et al., 2018) 

• ngsComposer preprocessed the libraries followed by 
GBSapp to call allele dosage and filter SNPs 

• GWAS was performed using GWASpoly (Rosyara et al., 
2016) 

• The Bonferroni and false discovery rate thresholds were set 
at 0.05 

Materials and Methods 

• A total of 2285 SNP markers were generated from 
GBSapp (Fig. 4) 

• A significant SNP associated with primocane-fruiting was 
found at 2.6 Mbps on chromosome 2 

• Significant marker trait associations were found for the 
simplex dominant and diploidized additive statistical 
models 

Fig. 4. SNP markers generated from GBSapp with various marker 
dosages 

Fig. 3: Q-Q plots showing the distribution of the marker sets. 

Fig. 1. Primocane-fruiting individuals display first-year canes that 
develop flower buds and switch from a set of five leaflets to three 
leaflets before floral initiation 

Conclusions 

• A simplex dominant marker associated with primocane-
fruiting was found at 2.6 Mbp on chromosome 2, which 
falls within the genetic interval mapped by Castro et al. 
(2013) between 2.1-12.5 Mbp 

• Additional data (not shown) with segregation distortion 
includes significant markers found on chromosomes 3 and 
4. None were located near the primocane-fruiting 
associated regions mapped by Jibran et al. (2019) in 
raspberry 

• Our results suggest that there may be other regulatory 
genes that control related traits such as flowering time, 
basal bud prevalence on floricanes segregating in this 
population, in addition to the primary primocane-fruiting 
locus 

• The significant SNP found on chromosome 2 is within the 
same genomic region that contains the gene for aspartate 
aminotransferase. A key enzyme present in plants that 
metabolizes nitrogen-based molecules to synthesize into 
amino acids 

• Construction of a saturated linkage map for this F1 
population and GWAS for primocane-fruiting in a more 
diverse germplasm panel are underway. These activities 
will provide further insight on the genetic control of 
primocane-fruiting in tetraploid blackberry  

Statistical Models 

Four single-parameter models were used to compare 
marker detection under different assumptions: 
• The diploidized additive model sets the SNP effect of 

all heterozygous classes as intermediate to the two 
homozygous classes 

• The additive model sets the SNP effect proportional to 
the dosage of the minor allele 

• The simplex dominant models assign all heterozygous 
classes equal to one of the homozygous classes 

• The duplex dominant models give markers in a duplex 
state a common effect with higher or lower dosage 
markers depending on whether the reference allele is 
dominant or recessive 

Fig. 2: Manhattan plots showing significant marker-trait 
associations for primocane-fruiting from the GWASpoly analysis 
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