
1 

 

Unbiasing in the Genome Analysis of Iconic Shark Species 
 

Kazuaki Yamaguchi1 and Shigehiro Kuraku1,* 

 
1Laboratory for Phyloinformatics, RIKEN Center for Biosystems Dynamics Research. 

Kobe, Japan 

 

Author contributions: KY performed data analysis, and all the authors wrote the paper. 

The authors declare no conflict of interest. 
*
Corresponding: shigehiro.kuraku@riken.jp 

 

 

Abstract: A previous study involving whole genome sequencing of the white shark 

suggested unique molecular evolution accounting for gigantism and the enhanced 

longevity of sharks including positive selection of dozens of protein-coding genes 

potentially involved in genome stability. We performed a reanalysis on some of the 

genes and identified serious flaws in their results. In this short article, we scrutinize one 

of the serious problems we identified, report other concerns, and point out a potential 

bias in analyzing iconic shark species in general. 
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Main text  

Previously, the paper by Marra et al. (1) suggested unique molecular evolution 

accounting for gigantism and the enhanced longevity of sharks. Their findings include 

positive selection of dozens of protein-coding genes potentially involved in genome 

stability. 

 They reported positive selection throughout the Mdm4 gene in the whale shark 

lineage. Notably, the whale shark Mdm4 ortholog sequence used in this analysis 

(XP_020377040.1 in NCBI; presented in Figure 3 by Marra et al. (1)) seems to harbor a 

wrong open reading frame (ORF) possibly due to problems in genome assembly. The 

error causes a remarkable dissimilarity to their orthologs, as well as the curated 

sequence of this whale shark gene supported by transcript sequencing (Figure 1).  

 Since one of their main findings is undermined by the simple ORF 

misidentification, we suspect the validity of their findings for the other genes listed in 

their Table 1. In the white shark protein-coding sequences supplied by Marra et al. (1), 

we could not identify Dtl, Coq3, and Sirt7 orthologs, for which they claim positive 

selection, while the ORFs probably used for their analysis were identified in the whole 

genome sequences by referring to the supplied .gff file. Seriously, of these genes, the 

coding sequences of Coq3 and Sirt7 seem to be erroneously predicted, as shown above 
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for the whale shark Mdm4. Their Dataset S1 frequently exhibits inflated values (e.g., 

999) for the ratio of nonsynonymous to synonymous substitutions. It is possible that the 

inflation is caused by ORF misidentification as shown above for Mdm4 or inclusion of 

phylogenetically too distant sequences (e.g., paralogs) or species (e.g., teleost fishes that 

diverged from chondrichthyan species >400 million years ago (2)). The three 

chondrichthyan species they included in their analysis diverged more than 150 million 

years ago (2), leaving long branches in between, to be ideally broken by more closely 

related species with the genome sequences made available earlier (3). The authors 

justify their use of the branch-site test (4) by referring to existing literature, but the cited 

literature reports wound healing of the blacktip reef shark, which is irrelevant to the 

context. 

Moreover, a comparison of genome sizes and repeat abundance in their Figure 

1 needs to be presented in a uniform format (e.g., number of decimal places) with 

citation of original information sources (Figure 2). Also, genome sizes should be 

presented in more precise values instead of ‘1’ or ‘3’. The genome size comparison in 

their Figure 1, featuring its increase in the gigantic shark lineages, is misleading: some 

shark species with relatively small body sizes have comparable or even larger genome 

sizes (3) (Figure 2). The findings reported by Marra et al. (1), including the core histone 

gene counts based on a loose definition, need to be reassessed without any bias that 

genome analysis on only those iconic shark species should readily account for 

gigantism and high wound healing capacity. 
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Figures 

 

 
Fig. 1. Multiple alignment of Mdm4 amino acid sequences. This figure shows the amino 

acid sequence stretch corresponding to the residue 241 to 325 of the human Mdm4 

(NP_002384.2 in NCBI) after the alignment using the program MAFFT v7.310 with the 

option ‘linsi’ (5). The residues in white letters indicate positively selected residues in the 

whale shark sequence identified by Marra et al. (1), but most of them are neither unique 

to the whale shark nor included in the curated whale shark sequence. The GenBank 

accession IDs for the curated whale shark sequence is MN317558. 
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Fig. 2. Phylogenetic overview of maximum recorded lifespan, genome size, and repeat 

content in a uniform presentation. This figure shows no obvious trend of the presented 

genomic factors in the gigantic and long-lived shark lineages. The superscript numbers 

indicate the literature cited (see References). The branch lengths are proportional to the 

geological times based on information retrieved from Timescale of Life website 

(http://www.timetree.org/). For the lifespan of the coelacanth, please also see another 

reference that proposes the lifespan of >100 years (23). Quantification of the 

repetitiveness in the genomes was performed as previously described (3). The genome 

sizes included are based on measurements with flow cytometry except for the human for 

which a total length of the genome sequences (3.2 Gbp) is conventionally referred to as 

its genome size (*). Because the lifespan of the brownbanded bamboo shark 

Chiloscyllium punctatum is unavailable, that of a different species in the same genus (C. 

plagiosum) is included. 
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