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Introduction
Hybridization in plants is known to produce novel characteristics unseen 
in any of its progenitor species, with broad implications for evolutionary 
biology, habitat restoration, and crop development. This study aims to 
explore the genetic basis of hybridization by comparing transcriptomic 
data of two hybrid strains between Protea punctata and P. venusta grown 
from seeds collected from the Cape Floristic Region of South Africa. The 
genus Protea is a well-established model in evolutionary research, 
making it an ideal subject for this work. RNA-seq data from one P. 
venusta, two P. punctata, and three putative hybrid individuals were 
processed using the Trinity assembly pipeline and analyzed with the 
HybridExpress R package to characterize gene expression patterns 
associated with hybridization. 

P. puncata
Observation ©Sam McCarren, some rights reserved (CC BY)

https://www.inaturalist.org/observations/151022800 

P. venusta
Observation ©Di Turner, no rights reserved (CC0)

https://www.inaturalist.org/observations/10787440

Materials and Methods
Seeds of wild Protea plants were collected in South Africa and grown as 
part of Carlson et al. (2011). Hybrids were designated a P. punctata hybrid 
or P. venusta hybrid based on closest morphological resemblance to 
parent. The sample label prefix corresponds to the species as shown in 
Figure 1.

Figure 1: Locations where sample seeds were collected.
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Figure 2: RNA-seq data processing workflow

RNA was extracted from leaf samples using the Qiagen RNeasy mini kit 
and prepared for mRNA-Sequencing using the Illumina TruSeq Stranded 
mRNA Sample Preparation kit. Sample libraries were prepared using 
version 2 sequencing chemistry for NextSeq 500 sequencing. The RNA-
seq data was processed as shown in Figure 2. FastQC was used for quality 
control assessment. The raw data was deduplicated to allow for 
transcript quantification using RSEM. Trimmomatic filtering, In Silico read 
normalization, and RSEM were run with Trinity using the default inputs.

Results and Discussion

Figure 3: PCA plot (top) and heatmap (bottom) of gene 
expression data. Heatmap shows pairwise sample correlations 
with hierarchical clustering.
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The RNA-seq data was processed as shown in Figure 2. The raw input 
data was deduplicated to allow for transcript quantification using RSEM. 
Trimmomatic filtering, In Silico read normalization, and RSEM were run 
through the Trinity software using the default settings.

Figure 4: Expression triangle plot showing number of upregulated 
genes next to species name and total number of Differentially 
Expressed Genes (DEGs) between species. 

Figure 5: Expression partitions plot of P. puncata hybrid (left) and 
P. venusta hybrid (right). UP – transgressive upregulation, DOWN 
– transgressive downregulation, ADD – additivity, ELD_P1 – 
expression level dominance (ELD) towards P. punctata, ELD_P2 – 
ELD towards P. venusta.
• The P. punctata hybrid is significantly closer to the parent species 

than the P. venusta hybrids in terms of expression (Figures 3 & 4).
• The P. venusta hybrids show notably higher transgressive 

upregulation and lower transgressive downregulation (Figure 5).
• Both hybrids show very low additivity and even amounts of ELD 

towards both parents, with the P. venusta hybrid displaying slightly 
higher ELD towards P. venusta that P. punctata (Figure 5).

• One possible future direction is to perform Gene Ontology analysis to 
determine the differences in biological processes.
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