
Appendix S1 

Two-phase approach for identification of putative contaminant sequences 

For each genome assembly, scaffolds <1Kb were removed, before putative contaminants were 

identified using a robust two-phase strategy (Figure S1). First, following Liu et al. (2018), 

scaffolds were compared using BLASTn against a database of archaeal, bacterial and viral 

genome sequences retrieved from the NCBI RefSeq (release 88) database. Scaffolds with ≥ 5% 

of their length covered by significant BLASTn hits (E ≤ 10-20, bit score > 1000) were deemed 

putative contaminants and removed from the assembly. Second, the lengths of the remaining 

scaffolds were plotted against their G+C percentage, from which scaffolds (>10 Kb) with 

irregular G+C content (i.e., scaffolds that deviate from the expected normal distribution; Figure 

S2) were identified and removed. Specifically, long scaffolds (>100Kb) in the genome 

assemblies of Cladocopium goreaui and Fugacium kawagutii were removed if their 

corresponding G+C content is > 52% and > 53%, respectively (Figure S2). This process yielded 

the final revised genome assemblies that were used for subsequent analysis.  

The customized gene-prediction workflow for dinoflagellate genomes 

Our customized workflow for predicting genes from dinoflagellate genomes is available at 

https://github.com/TimothyStephens/Dinoflagellate_Annotation_Workflow; an overview of this 

workflow is shown in Fig. S1. For each genome assembly, protein-coding genes were predicted 

using an approach similar to Liu et al. (2018). For each assembly, a de novo repeat library was 

generated using RepeatModeler v1.0.11 (http://www.repeatmasker.org/RepeatModeler/) and 

combined with known repeats in the RepeatMasker database (release 20171107) to create a 

customized repeat library. Repeats were masked in each assembly using RepeatMasker v4.0.7 

(http://www.repeatmasker.org/) and the associated customized repeat library. 

For each published transcriptome assembly, vector sequences were removed using SeqClean 

(Chen et al. 2007) based on the UniVec (build 10) database. The PASA pipeline v2.3.3 (Haas et 

al. 2003) (modified to recognize non-canonical GA donor splice sites; see 

https://github.com/chancx/dinoflag-alt-splice) and TransDecoder v5.2.0 (Haas et al. 2013) were 

used to predict protein-coding genes using the corresponding vector-trimmed transcriptome 

assemblies (hereinafter transcript-based genes). The protein sequences from multi-exon 



transcript-based genes with complete 5′ and 3′-ends were searched (BLASTp, E ≤ 10-20) against 

a combined sequence database of RefSeq proteins (release 88) and available Symbiodiniaceae 

proteins. Only genes with significant BLASTp hits (> 80% query coverage) were retained and 

checked for transposable elements using HHblits (Remmert et al. 2011), searching against the 

JAMg transposon database (https://github.com/genomecuration/JAMg), and Transposon-PSI 

(http://transposonpsi.sourceforge.net/). Proteins putatively identified as transposable elements 

were removed and those remaining were clustered using CD-HITS v4.6.8 (ID=75%) (Li & 

Godzik 2006); the representative sequence (and associated transcript-based gene) from each 

cluster was retained. The remaining genes were further processed by the 

Prepare_golden_genes_for_predictors.pl script from the JAMg package (modified to recognize 

non-canonical GA donor splice sites; https://github.com/genomecuration/JAMg).  

This produced a set of high-quality “golden” genes that was used as the training set for gene 

prediction using SNAP (version 2006-07-28) (Korf 2004) and AUGUSTUS v3.3.1 (Stanke et al. 

2006). Genes were also predicted using GeneMark-ES v4.38 (Lomsadze et al. 2018) and 

MAKER protein2genome v2.31.10 (Holt & Yandell 2011) using available Symbiodiniaceae and 

SwissProt proteins (downloaded 27/06/2018). AUGUSTUS (see 

https://github.com/chancx/dinoflag-alt-splice) and MAKER were modified to recognize the non-

canonical GA donor splice sites, while SNAP and GeneMark-ES only recognized GT and GC 

splice sites. 

Genes predicted by GeneMark-ES, MAKER, PASA (transcript-based genes), SNAP and 

AUGUSTUS were integrated into a single combined set using EVidenceModeler v1.1.1 (Haas et 

al. 2008). At this stage, Liu et al. (2018) incorporated the repeat information (i.e., repetitive 

regions were excluded from subsequent gene prediction). Here, however, we specifically ignored 

repeat information (i.e., repetitive regions were included in subsequent gene prediction); this was 

to specifically allowed for prediction of genes within the repetitive regions. The weightings used 

for the integration of predicted genes with EVidenceModeler were as follows: GeneMark-ES 2, 

SNAP 2, AUGUSTUS 6, MAKER 8, PASA 10. Genes produced by EVidenceModeler were 

retained if they were constructed using evidence from PASA or at least two other prediction 

methods. This integrated approach minimizes our dependency on a single method, as the 

algorithm implemented by distinct prediction tools can yield different results given the same 



genome features. For instance, AUGUSTUS has been shown to predict genes with an 

unrealistically large number of introns when trained using a low-quality dataset (Hoff & Stanke 

2019). 
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