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ABSTRACT
Gracilaria chouae, a marine red macroalgae, is a rich source of active substances and is listed as bio-
logical and health food material with high economic value. The mitogenome sequence of G. chouae is
25,829bp. A total of 50 genes were determined, including 24 protein-encoding genes, two rRNA genes,
23 tRNA genes, and one unidentified open reading frame (ORF). Phylogenetic analysis showed that
G. chouae clustered together with Gracilariopsis chorda, Gracilariopsis lemanaeformis, Gracilariopsis
andersonii, Gracilariophila oryzoides, and Gracilariopsis heteroclada. The mitogenome analysis will help
the understanding of Gracilaria evolution.

ARTICLE HISTORY
Received 30 June 2019
Accepted 31 July 2019

KEYWORDS
Gracilaria chouae;
mitogenome; phylogenetic
analysis; Gracilariaceae

Gracilaria chouae Zhang et Xia is the indigenous species in
Shandong and Fujian Province and south of China. It usually
grows on gravel or shells in lower littoral tide pools or in the
subtropics zone (Xu et al. 2014). It commercially important
algae due to intensive culture, rapid growth, and high yields.
A few studies on this species focus on the improvement of
culture techniques (Zhou et al. 2016) and transcriptomic ana-
lysis (Xu et al. 2014). In addition, the extraction of polysac-
charides from G. chouae could induce apoptosis of cancer
cells (Yaoyao et al. 2016). However, genomic studies on this
species are relatively limited.

Herein, we determined the complete G. chouae mitoge-
nome sequence. Genomic DNA from one G. chouae individ-
ual collected from a population in eastern China (Shantou,
Guangdong Province, 23�2501000N, 117�10200E) was used for
genome sequencing. The specimen (sample accession num-
ber: 2016060196) was deposited at the Culture Collection
of Seaweed at the Ocean University of China. Paired-end
reads were sequenced using Illumina HiSeq� Ten system
(Illumina, USA). Approximately 9 Gb of paired-end (150 bp)
sequence data were randomly extracted from the total
sequencing output, as input to NOVOPlasty (Dierckxsens
et al. 2017) for assembling the mitogenome. Gracilaria sali-
cornia (GenBank accession number: NC_023784) was used
as the seed sequence. tRNA genes were identified using
tRNAscan-SE Search Server (Schattner et al. 2005). Other
mitogenomic regions were annotated from G. salicornia
mitogenome using Geneious R10 (Biomatters Ltd, Auckland,

New Zealand). Phylogenetic analysis was conducted using
MrBayes v. 3.1.2 (Huelsenbeck and Ronquist 2001), it was
carried out using two independent runs with four Monte-
Carlo Markov Chains running for 1,000,000 generations,
Output trees were sampled every 100 generations. The
phylogenetic analysis was run until the average standard
deviation of split frequencies was below 0.01, and the first
25% of samples was removed as burn-in. Rhodymenia pseu-
dopalmata (KC875852) and Sebdenia flabellata (KJ398164)
served as the out-group.

The complete G. chouae (MG733298) mitogenome com-
prises a circular DNA molecule measuring 25,829 bp in
length. The overall Aþ T content of the complete mitoge-
nome is 71.2%. The mitogenome contains 50 genes, includ-
ing 24 protein-coding, two rRNA, 23 tRNA genes, and one
unidentified open reading frame (ORF). Of the 24 protein-
coding genes, 21 (87.5%) ended with the TAA stop codon,
and three (12.5%) with TAG (atp8, rps11, and nad4L). All pro-
tein-coding genes in G. chouae were concluded to use the
start codon ATG. The lengths of two rRNA genes are 2626 bp
(LSU rRNA) and 1399 bp (SSU rRNA). The gene numbers and
structures were largely similar among Gracilariaceae species
published in the NCBI sequence database.

Phylogenetic analysis based on 20 shared mitochondrial
coding protein sequences from 15 red algal mitogenomes.
All red algal taxa were clearly separated according to their
original class (Figure 1). Gracilariaceae species formed a
large branch, in which G. chouae formed a sub-branch.
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The complete mitogenome sequence provided herein would
help understand Gracilaria evolution.
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Figure 1. Phylogenetic tree (Bayesian inference) based on complete mitogenomes of Gracilariaceae. Support values for each node were calculated from Bayesian
posterior probability (BPP). Asterisks following species names indicate newly determined mitogenomes.
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