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Assessment of five markers as potential barcodes
for identifying Sargassum subgenus Sargassum species
(Phaeophyceae, Fucales)
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Abstract — DNA barcoding has been the focus of numerous publications, but only limited
studies are available for marine macroalgae and even less are specific to Phaeophyceae. The
case study presented here assesses the potential of five different markers for use as DNA
barcodes in the genus Sargassum: the nuclear I'TS-2, a portion of the chloroplastic RubisCO
operon and a mitochondrial spacer (mtsp), COI and cox3. To assess and compare the identi-
fication success of the five markers we used three criteria based on distance methods: Best
Match, Best Close Match and All Species Barcodes applied to five datasets representing
13 closely related species of Sargassum subgenus Sargassum. Results demonstrated the inad-
equacy of ITS-2 and RubisCO as barcode markers while they suggested the potential of the
mitochondrial markers. Additional research is needed based on numerically and geogra-
phically larger datasets to further assess the identification success of these markers.

ITS-2/ cox3 / CO1/ mitochondrial spacer / partial RubisCO operon / barcoding / Best Match
/ Best Close Match / All Species Barcodes

Résumé — Le barcode ADN fait I'objet de nombreuses études, mais un nombre limité
sont disponibles pour des macroalgues marines et moins encore concernent les
Phaeophyceae. L’étude de cas, présentée ici, évalue le potentiel de cinq marqueurs comme
barcodes ADN pour le genre Sargassum. 1l s’agit du marqueur nucléaire I'TS-2, une portion
de I'opéron chloroplastique RubisCO et des marqueurs mitochondriaux mtsp, COI et cox3.
Pour évaluer et comparer le potentiel d’identification des cinq marqueurs, trois criteres
basés sur des méthodes de distance ont été utilisés: Best Match, Best Close Match et all
Species Barcodes appliqués a cinq ensembles de données représentant 13 especes proches
du sous-genre Sargassum. Les résultats ont démontré I'inadéquation de I'ITS-2 et de la
RubisCO comme marqueurs barcodes tandis qu’ils soulignent l'intérét des marqueurs
mitochondriaux. Des recherches supplémentaires basées sur de plus grands ensembles
(numériques et géographiques) de données sont nécessaires pour évaluer la performance
de ces marqueurs dans l'identification des especes.

ITS-2 / cox3 / COI / marqueur mitochondrial / opéron chloroplastique RubisCO /
barcoding / Best Match / Best Close Match /All Species Barcodes

* Correspondence and reprints: lydianemattio@gmail.com
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INTRODUCTION

DNA barcoding has been the focus of numerous studies since its
inception by Herbert et al. (2003), but relatively few studies have focussed on
marine macroalgae and even less on Phaeophyceae. Identifying species and
naming them correctly is a challenge in several morphologically plastic groups of
brown algae. This is especially true for the genus Sargassum (Phacophyceae,
Fucales) for which about a thousand taxa have been described over the last
190 years. Even if significant taxonomic revisions have recently clarified the status
and morphological variability of several species (Mattio et al., 2010), mainly in the
Pacific basin, identifying Sargassum species accurately usually requires thorough
and sometimes subjective morphological examinations of several specimens. In
this context, the principle and promises of DNA barcoding are appealing.

A prerequisite for DNA barcoding is the establishment of comprehensive
datasets against which unknown sequences may be confidently matched to those
belonging to accurately identified species. These datasets should contain multiple
sequences per species, for as many localities and sister species as possible (Meyer
& Paulay, 2005; Meier ef al., 2006), and be identified by specialists — which
represents a lengthy and costly project. Ideally, a DNA barcoding marker should
be easy to amplify by PCR (Polymerase Chain Reaction), short enough to be
sequenced in both directions by a single primer pair, and be more variable
between than within species (Kress ef al., 2005). The ideal marker would show a
gap between the intra- and inter-specific variability — even for closely related
species; the more the intra-specific variability and the inter-specific divergence
overlap, the less efficient the barcoding marker is (Meyer & Paulay, 2005).

The 650 bp-long mitochondrial COI sequence was proposed by Herbert
et al. (2004) as a marker for the identification of all livings organisms. Authors
have demonstrated the usefulness of COI as a barcode marker for various
organisms such as insects (Herbert er al, 2004; Pons ef al., 2006), marine
gastropods (e.g. Meyer & Paulay, 2005), and Rhodophyta (e.g. Saunders, 2005;
Sherwood, 2009; Le Gall & Saunders, 2010) revealing several cryptic species (e.g.
Saunders, 2008, 2009; Robba ef al., 2006). But other studies have pointed to the
inadequacy of this marker in several groups such as Diptera (Meier et al., 2006),
flowering plants (Kress ef al., 2005), Bryophyta (Liu ef al., 2010) and corals
(Shearer & Coffroth, 2008). For the Phaeophyceae, published studies have
demonstrated that COI successfully differentiates among species of Fucus (Kucera
& Saunders, 2008) and Laminariaceae (McDevit & Saunders, 2009), as well as for
a wide variety of other brown algae from Canada (McDevit & Saunders, 2009).
In a fourth study, however, only limited success was obtained for species of the
genus Alaria due to putative hybridization and a complex species history (Lane et
al., 2007). Further research is needed to assess the potential of COI as putative
barcoding marker in Phaeophyceae.

Sargassum represents a challenging group to test the potential of barcode
markers in Phaeophyceae, in part because low sequence divergence has been
reported among closely related species of the S. sect. Sargassum (Mattio et al.,
2008, 2009). This group has been recently revised, the species now well
circumscribed, using combined morphological and molecular approaches. These
studies have produced a number of sequences and significant datasets are
available for the nuclear ITS-2 (Internal Transcribed Spacer 2), the chloroplast
partial RubisCO operon (ribulose 1.5 bisphosphate carboxylase/oxygénase) and
the mitochondrial cox3 (cytochrome oxydase 3). However, the potential of these
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markers as barcodes, relative to each other and the widely championed COI, has
not yet been tested. The aim of the present study, therefore, was to assess and
compare the identification success of the previous markers within the genus
Sargassum. In addition, Draisma ef al. (in press) have suggested that the
mitochondrial spacer (noted mtsp hereafter) used by Coyer ef al. (2006) be
considered for use as a DNA barcode marker in the genus Sargassum because it
is short and variable. It is thus also considered in this study. For marker
assessment and comparison, we use the three criteria identified by Meier et al.
(2006): Best Match (BM), Best Close Match (BCM) and All Species Barcodes
(ASB) applied to worldwide sequence datasets of 13 sister species belonging to
Sargassum subgenus Sargassum.

MATERIAL & METHODS

Dataset and taxonomical identification

All sequences available for Sargassum subgenus Sargassum species were
retrieved from GenBank and our personal alignments. To gain additional compa-
rative data, a number of additional samples were extracted, PCR amplified and
sequenced following Mattio et al. (2010) using the primers listed in Table 1. The
chloroplast partial RubisCO operon included a portion of the rbcL, the rbcL-S
spacer and a portion of the rbcS. The fragment for the mitochondrial mtsp
included 18 bp of the 3’ end of the 23S gene to the tRNA Val gene, encompassing
also the tRNA Lys gene at the 5" end of the tRNA Val gene (Coyer et al., 2006).
Twenty one additional sequences were obtained for ITS-2, 14 for the partial
RubisCO, 16 for cox3 while 50 sequences were newly obtained for the mitochon-
drial mtsp and 27 for COI. It must be noted here that COI sequences proved to
be the most difficult to generate successfully with about 1/3 of the resulting
sequences belonging to organisms co-extracted with the Sargassum samples,
mainly microscopic Phaeophyceae.

Only sequences from species for which the species taxonomy had
previously been revised and settled by relevant combined morphological
examination and DNA analyses (monophyly) as detailed in Mattio ef al. (2008,
2009, 2010) were considered. For Sargassum sect. Sargassum species, very little
sequence divergence was found with all markers. However, they represent clear
distinct morphological entities which were considered as distinct species (see
Mattio et al. 2008, 2009, 2010). Sequences with uncertain identification or for
which the morphological analyses were not possible (i.e. specimens for which only
silica gel samples were available or for data downloaded from GenBank lacking
associated herbarium vouchers for morphological analysis) were discarded.
Species for which only one sequence was available in the dataset were also
discarded. The five resulting alignments included data for 132 ITS-2, 87 partial
RubisCO, 50 mtsp, 23 COI and 94 cox3 sequences.

Our alignments are relatively limited compared to the thousands of
sequences used by Meier ef al. (2006) in their study of Diptera or the hundreds of
red algae specimens analysed by Le Gall & Saunders (2010) but equivalent to the
brown algae dataset of Kucera & Saunders (2008) and McDevit & Saunders
(2010) for which good results were obtained. We believe that our datasets respect
the basic prerequisite for testing barcode markers by containing multiple
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Table 1. List of primers and annealing temperatures corresponding to the five markers assessed in
this study: the nuclear Internal Transcribed Spacer 2 (ITS-2), the chloroplatic partial RubisCO
operon (Rub), the mitochondrial spacer (mtsp), and the mitochondrial Cytochrome Oxydase 1
and 3 (COI and cox3)

Markers  Primers Primers’ sequences Reference AT (°C)
sy S8SBF  S-CGATGAAGAACGCAGCGAAATGCGAT-¥  Yoshida ef al. 2000 s
© 25BR-2  5-TCCTCCGCTTAGTATATGCTTAA-3 Yoshida et al. 2000
R F 5-CATCGTGCTGGTAACTCTAC-3’ Phillips 1998 al
“ S97R  5-CATCTGTCCATTCWACACTAAC-3’ Peters & Ramirez 2001®)
. mtsp-F  5-CGTTTGGCGAGAACCTTACC-3' Coyer et al. 2006 =
"MEP mtpsR  $-TACCACTGAGTTATTGCTCCC-3’ Coyer et al. 2006
col  GAZF2 5-CCAACCATAAAGATATWGGTAC-Y Lane et al. 2007 =
GAZR2 5-GGATGACCAAARAACCAAAA-3 Lane et al. 2007
CAF4A  5-ATGTTTACTTGGTGRAGRGA-3’ Kogame et al. 2005
c0x3  CAR4A 5-CCCCACCARTAWATNGTNAG-3 Kogame et al. 2005 4

(aA)W=AorT,R=AorG,Y=CorT,N=A,T,CorG
(b) Modified by J. Buchanan

Table 2. Sequence dataset summary for the five barcode-markers assessed in this study: the
nuclear Internal Transcribed Spacer 2 (ITS-2), the Chloroplatic partial RubisCO operon (Rub),
the mitochondrial spacer (mtsp), and the mitochondrial Cytochrome Oxydase 1 and 3 (COI and
cox3). The number of sequences per species and per marker is indicated

ITS-2 Rub misp COI cox3
Sequence overlap (bp) 489 609 282 650 434
Number of sequences 132 87 50 23 94
Number of species 13 13 11 7 12
Sargassum aquifolium 39 21 17 5 32
Sargassum carpophyllum 4 3 2 2 3
Sargassum howeanum 4 3 2 2 4
Sargassum ilicifolium 23 13 7 6 14
Sargassum obtusifolium 15 9 6 0 9
Sargassum pacificum 12 7 4 2 6
Sargassum polycystum 9 5 2 0 6
Sargassum polyphyllum 5 3 0 0 4
Sargassum scabridum 7 7 2 3 5
Sargassum spinuligerum 7 10 5 3 7
Sargassum swartzii 2 2 0 0 0
Sargassum sp. 1 3 2 2 0 2
Sargassum sp. 2 2 2 2 0 2

sequences per species (2 to 39, Table 2), which were sampled from several
localities in the Indo-Pacific and represent 7 to 13 closely related species of
Sargassum subgenus Sargassum (Table 2 & 3, Fig. 1). Figure 1 shows a Neighbour-
Joining analysis of 132 ITS-2 sequences alignment representing 13 species.
Congruent results were obtained for RubisCO, mtsp, COI and cox3 and may be
available upon request to the first author. A detailed list of the sequences
considered in this study is listed in Table 4 with GenBank accessions.

T 1§



W TYv_ AL s A4tvAit AR T Thhaduiaahy fhy vt iy vt 24

Assessing potential for Sargassum DNA barcoding 471

IRD3958 Sargassum howeanum NC
UPF2621 Sargassum obtusifolium FP
IRD1566 Sargassum polyphylium FJ (+8)
IRD# CP08-612 Sargassum pacificum FP
UPF3975 Sargassum pacificun FP (+2)
IRD3962 Sargassum howeanum NC
UPF2651 Sargassum obtusifolium FP
UPF2662 Sargassum obtusifolium FP (+23)
IRD1613 Sargassum polyphyllum NC
IRD3950 Sargassurm howeanum NC
IRD3965 Sargassum spinuligerum var. crispata NC
_I IRD1537 Sargassum obtusifolium HI
&7 1 |IRD1633 Sargassum obtusifolium HI (+1)
100 [- WELT-A028417 Sargassum scabridum NZ
-IRD5181 Sargassum sp. 1 Can (+1)
— IRD3972 Sargassum spinuligerum NC (+5)
IRD1519 Sargassum camophyllum NC (+2)
97 1 |IRD1516 Sargassum carpophyllum NC
IRD# TZ0049 Sargassum polycystum TZ
AB043613 Sargassum polycystumn M
RD1590 Sargassum polycystum FJ S. sect. Polycystae
IRD1571 Sargassum polycystum FJ (+4)
| IRD1680 Sargassum polycystum S
] 100 | IRD1609 Sargassum sp. 2 NC (+1)
IRD1644 Sargassum sp.2 S
IRD1562 Sargassum ilicifolium FJ
IRD1586 Sargassum ilicifolium FJ (+11)
IRD1578 Sargassum ilicifolium FJ S. sect. llicifolia
IRD3930 Sargassum ilicifolium NC
IRD1620 Sargassum ilicifolium NC
IRD1618 Sargassum ilicifolium NC (+7)
IRD1651 Sargassum ilicifolium S
IRD3912 Sargassum swartzii NC (+1)
77 | IRD3929 Sargassum aquifolium NC
IRD1531 Sargassum aquifolium NC
IRD1624 Sargassum aquifolium NC (+7)
IRD5192 Sargassum aquifolium Run
98 [ IRD3927 Sargassum aquifolium NC (+10)
IRD1557 Sargassum aquifolium FJ S. sect. Bindeniana
IRD# TZ0561 Sargassum aquifolium TZ
IRD1632 Sargassum aquifolium HI
IRD1662 Sargassum aquifolium S (+5)
IRD1653 Sargassum aquifolium S
IRD# TZ0398 Sargassum aquifolium TZ (+2)
83 L IRD5189 Sargassum aquifolium Run
IRD1536 Turbinatia omata NC

S. sect. Sargassum

S. sect. Zygocarpicae

100

g

0.02

Fig. 1. Neighbour-Joining (NJ — Kimura 2 parameters) analysis based on 132 sequences alignment

of the nuclear ITS-2, 489 bp-long (including gaps), representing 13 taxa of S. subgen. Sargassum.

The number of identical sequences is indicated between brackets if relevant and listed in the
Table 3. Bootstrap values are indicated when above 70% and were based on 1000 replicates.
Root: Turbinaria ornata. The topology obtained with the four other markers is similar; trees may
be obtained on request to the first author. Localities abbreviations: Can: Canary Is., EI: Easter
Is., FJ: Fiji Is., FP: French Polynesia, HI: Hawaii, JP: Japan, K: Kermadec Is. (NZ) M: Malaysia,
NC: New Caledonia, NZ: New Zealand, S: the Solomon Is., Sey: Seychelles, TZ: Tanzania,
Va: Vanuatu, Viet: Vietnam, WLS: Wallis.
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Table 3. Identical sequences as referred in Fig. 1

Sequence in the tree

Identical sequences not in the tree

IRD1662 Sargassum aquifolium S

IRD# Sh1466 Sargassum aquifolium HI
IRD3925 Sargassum aquifolium NC
IRD3949 Sargassum aquifolium NC
IRD1681 Sargassum aquifolium Va
UPF3976 Sargassum aquifolium FP

IRD1624 Sargassum aquifolium NC

IRD3914 Sargassum aquifolium NC
IRD3916 Sargassum aquifolium NC
IRD3920 Sargassum aquifolium NC
IRD1622 Sargassum aquifolium NC
‘WELT-A28413 Sargassum aquifolium K
‘WELT-A23190 Sargassum aquifolium K
IRD4041 Sargassum aquifolium NC

IRD3927 Sargassum aquifolium NC

IRD1682 Sargassum aquifolium Va
IRD1582 Sargassum aquifolium FJ
IRD1592 Sargassum aquifolium FJ
IRD1660 Sargassum aquifolium S
IRD1677 Sargassum aquifolium S
IRD1668 Sargassum aquifolium S
IRD1667 Sargassum aquifolium S
IRD1666 Sargassum aquifolium S
IRD1661 Sargassum aquifolium S
IRD1656 Sargassum aquifolium S

IRD# TZ0398 Sargassum aquifolium TZ

IRD# TZ0449 Sargassum aquifolium TZ
IRD# TZ0225 Sargassum aquifolium TZ

IRD1519 Sargassum carpophyllum NC

AB043067 Sargassum carpophyllum JP
IRD1511 Sargassum carpophyllum NC

IRD3962 Sargassum howeanum NC

IRD1611 Sargassum polyphyllum NC
IRD3953 Sargassum polyphyllum NC

IRD1586 Sargassum ilicifolium FJ

IRD# TZ0852 Sargassum ilicifolium TZ
IRD# TZ0223 Sargassum ilicifolium TZ
IRD# TZ0686 Sargassum ilicifolium TZ
IRD3931 Sargassum ilicifolium NC
IRD1589 Sargassum ilicifolium FJ
IRD1569 Sargassum ilicifolium FJ
IRD1652 Sargassum ilicifolium S
IRD1647 Sargassum ilicifolium S
IRD1645 Sargassum ilicifolium S
EU169861 Sargassum ilicifolium Sey

IRD1618 Sargassum ilicifolium NC

IRD3935 Sargassum ilicifolium NC
IRD3938 Sargassum ilicifolium NC
IRD3944 Sargassum ilicifolium NC
IRD3908 Sargassum ilicifolium NC
IRD1616 Sargassum ilicifolium NC
IRD1617 Sargassum ilicifolium NC
IRD3940 Sargassum ilicifolium NC

UPF2662 Sargassum obtusifolium FP

MERU1 Sargassum obtusifolium EI
MER4 Sargassum obtusifolium EI
MER3 Sargassum obtusifolium EI
MERS Sargassum obtusifolium EI
‘WELT-A028408 Sargassum scabridum K
‘WELT-A028409 Sargassum scabridum K
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Table 3. Identical sequences as referred in Fig. 1 (cont’d)

Sequence in the tree Identical sequences not in the tree

WELT-A028410 Sargassum scabridum K
WELT-A028411 Sargassum scabridum K
WELT-A028412 Sargassum scabridum K
UPF2661 Sargassum obtusifolium FP
UPF2675 Sargassum obtusifolium FP
UPF2633 Sargassum obtusifolium FP
UPF2636 Sargassum obtusifolium FP
UPF2656 Sargassum obtusifolium FP
UPF2754 Sargassum pacificum FP
UPF2783 Sargassum pacificum FP
UPF3972 Sargassum pacificum FP
UPF2763 Sargassum pacificum FP
UPF2767 Sargassum pacificum FP
UPF2743 Sargassum pacificum FP
UPF2778 Sargassum pacificum FP
UPF3978 Sargassum pacificum FP

IRD1633 Sargassum obtusifolium HI

IRD1538 Sargassum obtusifolium HI

UPF3975 Sargassum pacificum FP

UPF3973 Sargassum pacificum FP
UPF3974 Sargassum pacificum FP

IRD1571 Sargassum polycystum FJ

AB043114 Sargassum polycystum Viet
IRD1626 Sargassum polycystum WLS
IRD1640 Sargassum polycystum Va
IRD1642 Sargassum polycystum Va

IRD1566 Sargassum polyphyllum FJ

IRD3903 Sargassum spinuligerum NC
IRD3955 Sargassum howeanum NC

IRD3968 Sargassum polyphyllum NC
IRD3978 Sargassum spinuligerum NC

IRD3972 Sargassum spinuligerum NC

IRD# TZ0397 Sargassum spinuligerum TZ
IRD# TZ0400 Sargassum spinuligerum TZ
‘WELT-A028416 Sargassum scabridum NZ
IRD3961 Sargassum spinuligerum var. crispata NC
IRD3963 Sargassum spinuligerum var. crispata NC

IRD5181 Sargassum sp. 1 Can
IRD1609 Sargassum sp.2 NC
IRD3912 Sargassum swartzii NC

IRD5182 Sargassum sp. 1 Can
IRD1634 Sargassum sp. 2 Va
IRD1532 Sargassum swartzii NC

Sequence alignment and distance analyses

Partial RubisCO, cox3 and COI sequences were aligned by eye with no
ambiguities using the BioEdit sequence alignment editor (Hall, 1999). ITS-2
sequences were aligned based on secondary structure as described by Stiger ef al.
(2003). Mitochondrial mtsp sequences were aligned with Clustal W using default
parameters (Thompson ef al., 1994) and adjusted manually in BioEdit.

All distance analyses were carried out using “TaxonDNA™ developed by
Meier ef al. (2006) (available at http:/taxondna.sf.net) following the method
proposed by Meier et al. (2006). In order to test if intra-specific and inter-specific
genetic variability were overlapping, the frequency of intra-specific and inter-
specific uncorrected pairwise distances was plotted for each dataset. The unique-
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ness of a barcode sequence for a given species was assessed for each marker by
testing if identical sequences were shared by individuals of different species.
Species-specific barcode sequences were constructed as consensus of all con-
specific sequences (for each marker independently), and their uniqueness was also
tested. The intraspecific sequence variability was summarized using IUPAC
(International Union of Pure and Applied Chemistry) codes as suggested by
Meier et al. (2006).

The three criteria BM, BCM and ASB were calculated using TaxonDNA
for each alignment. The principle of Best Match (BM) is to find for each sequence,
one by one, its closest pairwise match in an alignment. The identification is
considered a success if the query sequence and the match are from the same
species, mismatched names are considered as failures, while equally good matches
from different species are considered as ambiguous. The principle of Best Close
Match criterion (BCM) is similar to BM except that the relative frequency of all
intra-specific distances is plotted to determine a threshold value below 95%. All
sequences without a match below the threshold value remain unidentified. The
All Species Barcode criterion (ASB) assembles a list of all barcode sequences
similar to the query sequence using the same threshold as for BCM. Identification
is considered a success if the query sequence is associated to all con-specific
barcode sequences. It is considered ambiguous if the query sequence is associated
to only part of the con-specific barcode sequences. Finally, the query sequence is
considered as misidentified if it is associated to barcode sequences which do not
belong to the good species.

RESULTS

Intra- versus inter-specific variability and barcode uniqueness

Plots of intra-specific and inter-specific uncorrected pairwise distances
for each barcode-marker are shown on Fig. 2. Intra-specific and inter-specific
distances were found to overlap for each marker (4.8 to 20.93% of all
observations) with the exception of the nuclear ITS-2 for which no overlap is
observable within the 0.2-0.4% interval of pairwise distances. The nuclear ITS-2
also represents the marker for which the least observations are present within the
total overlap interval (4.8% of all observations) while the partial chloroplastic
RubisCO shows the highest number of observations within both the total and the
90% overlap (20.93% of all observations, Fig. 2).

Pairwise comparison of all barcodes and species consensus barcodes
showed mixed results for each of the markers assessed (Table 5). Both individual
barcodes and species consensus barcodes were unique in mstp and COI datasets
while none was unique in the partial RubisCO dataset and only species consensus
barcodes were unique in ITS-2 and cox3 datasets.

Best Match, Best Close Match and All Species Barcodes

Results for the three criteria (BM, BCM and ASB) are displayed in
Table 5 and Fig. 3. They appeared unrelated to the overlap results (e.g. no overlap
in ITS-2 pairwise distances while its identification success is the lowest). The ASB
criterion had the least success with the maximum ambiguous identifications
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Fig. 2. Plot of intra- and inter-specific genetic distances for the five barcode-markers assessed in
this study: the nuclear Internal Transcribed Spacer 2 (ITS-2), the Chloroplatic partial RubisCO
operon (Rub), the mitochondrial spacer (mtsp), and the mitochondrial Cytochrome Oxydase 1
and 3 (COI and cox3). Total overlap range (with corresponding percentage of observations it
represents) and 90% overlap (largest 5% of the intra-specific and lowest 5% of the inter-specific
excluded) are indicated.
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Table 5. Identification success based on the three different criteria: Best Match (BM), Best Close
Match (BCM) and All Species Barcodes (ASB) for the five barcode-markers assessed in this
study: the nuclear Internal Transcribed Spacer 2 (ITS-2), the chloroplatic partial RubisCO
operon (Rub), the mitochondrial spacer (mitsp), and the mitochondrial Cytochrome Oxydase 1
and 3 (COI and cox3). Uniqueness of barcodes per species and uniqueness of species consensus
barcodes are also indicated

Uniquenessof  Uniqueness of

. - Success ~ Ambiguous  Misidentified No match
barcodes per  species consensus  Criterion

0y 0 0, 0,
species? barcodes? (%) (%) (%) (%)
BM 58.33 39.39 227 0
ITS-2 no yes BCM 46.96 34.08 1.51 17.42
ASB 8.33 73.48 0.75 17.42
BM 63.21 35.63 1.14 0
Rub no no BCM 62.06 34.48 1.14 229
ASB 4597 51.72 0 229
BM 83.01 3.77 13.2 0
mtsp yes yes BCM 81.13 3.77 13.2 1.88
ASB 4528 50.94 1.88 1.88
BM 91.3 434 434 0
COI yes yes BCM 91.3 4.34 434 0
ASB 60.86 34.78 434 0
BM 74.64 234 2.12 0
cox3 no yes BCM 71.27 22.34 212 425
ASB 65.95 29.78 0 425

Identification success

100% I
80%
B No match
60% O Misidentified
40% O Ambiguous
B Success
20%
0% .

BM BCM ASB BM BCM ASB BM BCM ASB BM BCM ASB BM BCM ASB
ITS-2 Rub mtsp Cox1 Cox3

Fig. 3. Identification success based on the three different criteria: Best Match (BM), Best Close
Match (BCM) and All Species Barcodes (ASB) for the five barcode-markers assessed in this
study: the nuclear Internal Transcribed Spacer 2 (ITS-2), the Chloroplatic partial RubisCO
operon (Rub), the mitochondrial spacer (mtsp), and the mitochondrial Cytochrome Oxydase 1
and 3 (COI and cox3).

combined to the lowest misidentifications scores. BM and BCM criteria showed
relatively similar results with success always higher than ambiguous and misiden-
tified scores. Therefore only these two criteria have been considered hereafter for
comparisons between markers. The best identification success was obtained for
the mitochondrial COI (91.3% for both BM and BCM), followed by the mito-
chondrial spacer misp (83.01% for BM and 81.13% for BCM), and the mito-
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chondrial cox3 (74.64% for BM and 71.27% for BCM) while the nuclear ITS-2
and the partial chloroplastic RubisCO obtained less success (Table 5). The mito-
chondrial mitsp and COI were the markers showing the least ambiguous identifi-
cations (3.77-4.34%) and no match scores (0-1.88%) but the maximum
misidentification scores (4.34-13.2%); while ITS-2, partial RubisCO and cox3
showed relatively high scores of ambiguous identifications (22.34-39.39%) and no
match (2.29-17.42%) and the lowest misidentification scores (1.14-2.27%).

DISCUSSION

The first and most obvious result of this study is that none of the five
markers assessed was able to identify accurately (ie. 100% identification success)
closely related, but morphologically well circumscribed, species of Sargassum
subgenus Sargassum.

For instance, the COI barcode-marker showed the best global results in
distance analyses compared to the four other markers. Both individual COI
sequences and species consensus barcodes were unique, identification success
using BM and BCM was the highest (91.3%) and ambiguous, misidentification
and no match scores were among the lowest (Table 5). Nevertheless, an important
proportion of intra- and inter-specific distances were found to overlap (Fig. 2) and
the marker proved very difficult to sequence with 1/3 of the obtained sequences
not corresponding to the target organisms (Sargassum). It must also be underlined
that these results were based on a very limited sampling (23 sequences represent-
ing 7 species, Table 2) and several authors have demonstrated that identification
success of a barcode marker may vary in regard to the size, geographical span and
relatedness of species of/in the dataset considered (Meyer & Paulay, 2005; Meier
et al., 2006; Lohse, 2009; Bittner ef al., 2010; Liu ef al., 2010).

Both the mitochondrial misp and cox3 markers have shown relatively
good results with unique individual (mstp only) and species consensus barcodes,
good identification success under BM and BCM criteria (71.27-83.01%), and
reasonable ‘ambiguous + misidentified + no match’ scores (16.97-28.71%). The
alignment of cox3 sequences was straightforward but the alignment of misp
sequences was not possible without the help of clustal W and significant re-
adjustment by eye. Moreover, a large proportion of intra- and inter-specific
distances were found to overlap in both markers (15.32-19.86% of all observa-
tions). Conversely to the three mitochondrial datasets, ITS-2 and partial RubisCO
datasets demonstrated low success for identification purposes. Identification
success under BM and BCM criteria were below 65% while ‘ambiguous + misiden-
tified + no match’ scores ranged from 36.77 to 53.01%. The alignment of the partial
RubisCO sequences was straight forward while that of the nuclear sequences
requested significant eye-adjustment to fit the secondary structure of ITS-2.

The very limited barcoding identification success of ITS-2 and partial
RubisCO markers suggests that they do not represent good candidates for DNA
barcoding studies in Sargassum. However, the identification success of COI
obtained in this study encourages further research to assess its potential in a
numerically and geographically larger dataset. If COI was to be considered as
barcode marker for Sargassum, its practical limits, in particular concerning
sequencing efficiency, would have to be overcome with more specific primers. The
mitochondrial mifsp and cox3 could represent alternative candidates. Both
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markers’ sequences are easy to produce but if cox3 sequences are easy to align,
the alignment of misp sequences is time consuming. Both datasets are relatively
limited (50 and 94 sequences respectively) and would need to be reassessed based
on larger datasets.

Finally, we were surprised that ITS-2 and partial RubisCO led to such
low identification success since they represent two of the markers usually
employed in molecular-assisted taxonomic studies of Sargassum (Stiger et al.,
2003; Philipps et al., 2005; Mattio et al., 2008, 2009, 2010). We suspected that the
low genetic variability reported for these markers in one of the sections of the
genus (S. section Sargassum) may be at the origin of these low scores. To test this
hypothesis, analyses of the Best Close Match criterion were re-run using modified
datasets for which the closely related but morphologically well circumscribed
species belonging to S. sect. Sargassum were considered as a single taxon. All
markers (Table 6) show high scores of identification success (71.21-97.7%) com-
bined to lower values in ambiguous, misidentification and no match scores. These
results confirm the impact of the low genetic variability of S. section Sargassum
species on the barcoding identification success in the fives markers assessed here.

Table 6. Identification success (%) based on Best Match (BM) and Best Close Match (BCM) for
the five markers assessed in this study based on modified datasets where all taxa belonging to
S. section Sargassum were considered as a single taxon

_ Success Ambiguous Misidentified No match
Criterion (%) (%) (%) (%)
BM 85.6 12.87 1.51 0
ITS-2 BCM 71.21 9.84 151 17.42
BM 100 0 0 0
Rub BCM 97.7 0 0 229
BM 98.11 0 1.88 0
misp BCM 96.22 0 1.88 1.88
BM 100 0 0 0
col BCM 86.95 0 0 13.04
BM 100 0 0 0
cox3 BCM 78.72 0 0 21.27

Barcoding in Phaeophyceae is at its early beginning, searching for the
adequate DNA regions. The work presented here is a preliminary assessment of
five markers, issued from the three cellular compartments (nuclear, chloroplastic
and mitochondrial), focusing on several closely related and well circumscribed
species of the genus Sargassum. Our datasets contained several sequences per
species collected from various localities in the Indo-Pacific but the limited number
of sequences available was the major flaw of the study. Despite this bias, results
have demonstrated the inefficiency of the nuclear ITS-2 and partial chloroplatic
RubisCO at identifying species with confidence while they have suggested the
potential of the mitochondrial markers (mtsp, COI and cox3). Additional research
is needed based on larger datasets to further assess the identification success of
these markers. However, we believe that no good barcoding marker will be identi-
fied for the genus Sargassum before one can genetically discriminate between the
very closely related and morphologically distinct species of S. section Sargassum.
This cannot be achieved without a good understanding of the Sargassum taxo-
nomy, implying critical morphological work and significant revisions.
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