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ABSTRACT

The complete chloroplast DNA (cpDNA) of a famous red alga of the family Gracilariaceae, Gracilariopsis
lemaneiformis, was deduced by using next-generation sequencing and de novo assembly technology.
The complete cpDNA of G. lemaneiformis consists of 182505 bp and encodes 230 unique genes consist-
ing 204 protein-coding genes (PCGs), 21 transfer RNA genes, 3 ribosomal RNA genes, 1 transfer-messen-
ger RNA genes and 1 non-coding RNA genes. Among 204 PCGs, ccsA gene is interrupted by a intron.
Unlike the typical quadripartite structure (a pair of inverted repeats separated by the small single-copy
and large single-copy units) of cpDNA in higher plants, the complete cpDNA of G. lemaneiformis is very
compact, containing no inverted repeat and just one copy of rRNA gene cluster consisting of 16S, 23S
and 5S rRNA genes. The genic regions account for 83.7% of whole cpDNA genome, and the G+ C con-
tent of the cpDNA was 27.4%. The low G+ C content of G. lemaneiformis cpDNA is largely contributed
by high A+ T content in the PCGs and non-coding regions. A phylogenetic analysis of the 15 complete
cpDNA from rhodophyta shows that G. lemaneiformis is closely related to macroalga Gracilaria salicornia.
The complete cpDNA of G. lemaneiformis provides essential and important DNA molecular data for fur-
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ther phylogenetic and evolutionary analysis for rhodophyta.

Introduction

The red alga Gracilariopsis lemaneiformis is one of the most
important economic seaweeds in China (Tseng 2001). It pro-
vides good food source for abalone aquaculture (Cruz-Rivera
& Friedlander 2011) and also been used as a biofiltration ma-
terial to clean waste water (Cahill etal. 2010). Single-rope
floating raft cultivation of this species has been conducted
since 1990s in the south of China such as Fujian and
Guangdong provinces. It is the most well-known agarophyte
mainly used for agar extraction due to its enormous yield in
China, with the agar produced from it accounting for more
than 90% of the total annual production (Xiu-Geng etal.
1999). G. lemaneiformis is also considered to be an ideal ma-
terial for genetic research because its whole life cycle can be
completed in laboratory conditions. Recently, genome survey
sequencing has been conducted in G. lemaneiformis, providing
lots of essential genetic background information of this spe-
cies (Zhou etal. 2013). In this study, the complete chloroplast
genome of G. lemaneiformis was sequenced and characterized
for the first time, aiming at providing useful information for
further genetic and phylogenetic studies in this alga.

Sample of G. lemaneiformis (voucher no. 475) was collected
from Dalian, Liaoning Province of China. Genomic DNA was
extracted following the modified CTAB DNA extraction

protocol (Attitalla 2011) and then subjected to build up gen-
omic library and pair-end sequencing (2X300bp) by MiSeq
(Illumina Inc., San Diego, CA, USA). By using commercial soft-
ware (Geneious V9, Biomatters Ltd. Auckland, New Zealand),
about 9.7% (1376840 out of 14239248) raw reads were de
novo assembled to produce circular form of complete chloro-
plast DNA (cpDNA) genome with high average coverage of
2332 X. The complete cpDNA of G. lemaneiformis consists of
182505bp (GenBank KU179794), showing 83% identity to
macroalga Gracilaria salicornia (Campbell etal. 2014) by se-
quence alignment.

Annotation of the assembled cpDNA genome was per-
formed with DOGMA (Wyman etal. 2004), cpGAVAS (Liu etal.
2012) and manual inspected to predict protein-coding
genes(PCGs), transfer RNA (tRNA) genes, ribosomal RNA
(rRNA) genes and other genes. The cpDNA contains 230
unique genes consisting of 21 tRNA, 3 rRNA (165-235-5S
gene cluster), 1 transfer-messenger RNA (ssrA gene), 1 non-
coding RNA (rnpB gene) and 204 PCGs. Unlike the typical
quadripartite structure (a pair of inverted repeats separated
by the small single-copy and large single-copy unit) of cpDNA
in higher plants, the complete cpDNA of G. lemaneiformis is
very compact, containing no inverted repeat and just one
copy of rRNA gene cluster consisting of 16S, 23S and 5S rRNA
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species family
100 Gracilaria tenuistipitata
100 l: Gracilaria salicornia Gracilariaceae
74 Gracilariopsis lemaneiformis
100 Vertebrata lanosa | Rhodomelaceae
100 Grateloupia taiwanensis | Halymeniaceae
106 99 |: Chondrus crispus | Gigartinaceae
Calliarthron tuberculosum | Corallinaceae
100 Galdieria sulphuraria | Cyanidiaceae
Porphyra purpurea
100 100 Porphyra yezoensis Bangiaceae
100 _|: Pyropia perforata
100 Pyropia haitanensis
Cyanidium caldarium
— Cyanidioschyzon merolae Cyanidiaceae
100L— Cyanidiaceae sp.
Chlorella vulgaris | Chlorellaceae

Figure 1. Molecular phylogeny of Gracilariopsis lemaneiformis and other related species in rhodophyta based on complete chloroplast genome. The complete chloro-
plast genome is downloaded from GenBank and the phylogenic tree is constructed by Maximum likelihood method with 500 bootstrap replicates. The gene’s accession
number for tree construction is listed as follows: Gracilaria tenuistipitata (AY673996), Gracilaria salicornia (KF861575), Gracilariopsis lemaneiformis (KU179794),
Vertebrata lanosa (KP308097), Grateloupia taiwanensis (NC_021618), Chondrus crispus (HF562234), Calliarthron tuberculosum (KC153978), Galdieria sulphuraria
(KJ700459), Porphyra purpurea (PPU38804), Pyropia yezoensis (KC517072), Pyropia perforata (KC904971), Pyropia haitanensis (KC464603), Cyanidium caldarium
(AF022186), Cyanidioschyzon merolae (AB002583), Cyanidiaceae sp. (KJ569775) and Chlorella vulgaris (NC_001865).

genes. This result is consistent with previous reported cpDNA
genome in rhodophyta (Green 2011). There are only one PCG
(ccsA, which is required for haeme attachment to chloroplast
c-type cytochromes) containing single intron. The cpDNA con-
sists of 83.7% genic regions, and the overall G+ C content of
the complete cpDNA is 27.4%. The G+ C content is 48.9% for
tRNA, 46.6% for rRNA and 28.9% for PCGs. Therefore, the low
G+ C content for the entire cpDNA is due to high A+T con-
tent in the PCGs and non-coding regions.

To validate the phylogenetic position of G. lemaneiformis,
we used MAFFT (Katoh etal. 2002) to perform multiple se-
quence alignment and MEGA6 (Tamura etal. 2013) to con-
struct a maximum-likelihood tree (with 500 bootstrap
replicates) containing complete cpDNA of 15 algae species in
rhodophyta. Chlorella vulgaris derived from Chlorophyta was
used as out-group for tree rooting. Result shows G. lemanei-
formis is closely related to Gracilaria tenuistipitata and G. sali-
cornia, which are another two members in the family
Gracilariaceae, with high bootstrap value supported (Figure 1).
In conclusion, the complete cpDNA of G. lemaneiformis is
decoded for the first time in this study and provides essential
and important DNA molecular data for further phylogenetic
and evolutionary analysis for rhodophyta.
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