Rhodes Centenary

Genetic analysis of the
Octopus vulgaris population
on the coast of South Africa

Ané Oosthuizen™, Meesbah Jiwaiji’ and Paul Shaw’

This study on Octopus vulgaris focused on the COIlll gene region of
mitochondrial DNA. Sequences from 21 samples from the Eastern
Cape, and 14 samples from the Western Cape, were compared to
determine whether different populations exist along the South
African coast. A 380-bp segment of the COIIll region of mtDNA
was amplified using the polymerase chain reaction with specific
designed primers. Phylogenetic inference was made using maxi-
mum parsimony (MP), maximum likelihood (ML), and distance-
based methods. All sequences conformed to a single haplotype.
Lack of variation within and between east and west coast samples
precluded further population genetic analysis. The sequence
obtained in this study was also compared with other sequences
lodged in the Genbank database. Phylogenetically, the South Afri-
can O. vulgaris is closely related to O. vulgaris from Senegal (0.67%
divergence) and the Mediterranean (1.51% divergence). Within the
Mediterranean group, O. vulgaris from South Africa displayed less
sequence divergence from Senegalese and Mediterranean individ-
uals than O. vulgaris from Venezuela (3.85%) and Taiwan (3.87%).
These data do not, therefore, refute the hypothesis of a single
O. vulgaris genetic population around the coast.

Introduction

Octopus vulgaris has been identified as a marine resource for a
possible new commercial fishery in South Africa."” The use of
genetic methods in fishery population studies is an important
facet of both fisheries stock assessment and management.’
Failure to detect stock structures within a population can lead to
biological changes, influence productivity rates and cause loss
of genetic diversity within a species.”® This in turn can lead to
ineffective fisheries management as the underlying functioning
of the population is not understood and the response of the
stock to management measures cannot be predicted.’ The aims
of this study were to investigate the genetic variation within
South African O. vulgaris in the mitochondrial DNA (mtDNA)
COIII region, to determine population structure and, also, to
derive the phylogenetic relatedness of South African and Medi-
terranean O. vulgaris.

Recently, there have been significant advances made in the
field of genetic stock identification.” Genetic markers have
increasingly been used in the identification of finfish stocks.”"
By comparison, the use of genetic methods in cephalopod popu-
lation studies has been modest”™ and genetic studies on
octopus specifically have focused mainly on phylogeny.”™
As one of the most intensively studied cephalopod species,”
O. vulgaris is still undergoing taxonomic revision. Long considered
to be globally distributed,” it has now been restricted to
the Mediterranean and Eastern Atlantic through morphologi-
cal description.”® However, species previously classified as
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O. vulgaris have recently been separated from the O. vulgaris
complex and described as a separate species through genetic
studies'” to support the morphological taxonomic revision.
The molecular analyses of octopus phylogeny have focused on
allozymes, and mtDNA (gene coding regions: COI, COII, COIII,
16s rRNA, etc.). Studies on octopus, and O. vulgaris in particular,
have focused on the COIII gene region of mtDNA,"”"* with
DNA sequences available from individuals from several regions
including South Africa. Given that the taxonomic classification
of the South African species is uncertain,” it is essential to deter-
mine the phylogenetic status as well as population structure of
the species, because of the proposed fishery for O. vulgaris."**

Materials and methods

Sample collection

Octopus vulgaris was collected intertidally and by scuba diving
from various sites around the South African coast (Fig. 1).
Approximately 3-5 cm of arm tip was removed from each speci-
men, after which the octopus was released. The samples were
preserved in 95% ethanol. No morphological differences were
observed between specimens, therefore no voucher specimens
were collected.

DNA extraction, PCR and sequencing

The total genomic DNA was extracted using a QIAGEN DNeasy”
tissue kit; after addition of the ATL buffer and proteinase K, the
tissue was incubated overnight at 55°C before the protocol was
completed. The elute was tested on agarose gel to determine
DNA yield.

Initial primers were designed (R. Kirby, Rhodes University) to
amplify 700 base pairs (bp) of the COIII region; however, no
products were amplified. A second set of primers was then
designed (M. Jivaji, Rhodes University) to match conserved
regions within the COIII sequences available in Genbank for
O. vulgaris. A 380-bp segment of the COIII region of mitochon-
drial DNA was amplified using the polymerase chain reaction
(PCR) with these specific designed primers: mtDNA forward
57 -ACCATAATTCAATGTGACGTGATATT-5" and mtDNA
reverse 5 -AAATAGAAAATGATGCTTCTATATATTCTAA-3 " sup-
plied by Ingaba Biotech (Pretoria). The PCR reactions were set
up in 25 ul reaction volume, containing: 2.5 ul 10 mM NH, buffer,
2.5ul 50 mM MgCl,, 2.5 ul BSA, 2.0 11 100 mM dNTPs, 1 ul primer
(3.2 pmol), 0.4 ul Tag (BIOTAQ™ DNA Polymerase) and 1-5 ul
DNA. Thermal cycling was hot-started (96°C for 5 min, held at
85°C while Tag was added), followed by five cycles of 93°C (50 s),
45°C (50 s) and 72°C (1 min), followed by 28 cycles of 93°C (50 s),
50°C (30 s) and 72°C (1 min). The last step of 72°C was prolonged
for 5min.” The amplified product was cut out of agarose gel and
purified using a Promega Wizard® SV GEL and PCR clean-up

South Africa

1. Port Alfred (n=10)
2. Port Elizabeth (n=11)
3. Kleinmond (n=5)

4. False Bay (n=4)

£, Hout Bay (n=5)

Fig. 1. Collection sites of Octopus vulgaris around the South African coast. The
number of samples collected per site is indicated in brackets.
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system. DNA was sequenced in one direction
(forward) using BigDye® Terminator v. 3.1 Cycle
Sequencing kit and run on an ABI 3100 genetic
analyser (PE AppliedBiosystems).

Data analysis

Sequences from 21 samples from the Eastern
Cape and 14 samples from the Western Cape
were compared to determine whether different
populations exist along the South African coast.
Sequences were aligned using CLUSTALW in
BioEdit,” with further modifications by eye.
Analyses were carried out with both 595-bp re-
gion (published sequences only) and the 380-bp
region (published plus sequence from this
study).

Phylogenetic inference was made using maxi-
mum parsimony (MP), maximum likelihood
(ML) and distance-based methods in PAUP*
4.0b10” and MEGA version 2.1.” Distance analy-
sis was performed using Neighbor Joining (NJ),
assuming a Kimura 2-parameter and HKY85
model” of sequence evolution. Analysis for MP
was a heuristic search algorithm, with tree-
bisection, branch swapping and random se-
quence addition. Ten additional replicates were
analysed for distance and parsimony searches.
Analysis for ML was similar with heuristic
searches, tree-bisection, branch swapping and
stepwise additions. Confidence was assessed by
1000 bootstrap resamplings for distance and par-
simony with 100 iterations for the maximum like-
lihood approach. Loligo vulgaris reynaudii (EMBL/
Genbank accession number: X97960) was used as
an out-group to root all trees.

Results

Sequence comparisons

No sequence variation was observed between
individuals from the same region or between in-
dividuals from the Eastern (n = 21) and Western
Cape (n = 14) regions. All sequences conformed
to a single haplotype. Lack of variation within
and between east and west coast samples pre-
cluded further population genetic analysis.

The sequence obtained in this study was an
exact match of a previous O. vulgaris COIII se-
quence from False Bay, South Africa, and from
Tristan da Cunha lodged by Warnke” in Gen-
bank (accession numbers SA: AJ250487; TdC:
AJ250477). The South African COIIl sequence
from the present study was compared with a
range of O. vulgaris and other octopus species
COIII sequences lodged in the EMBL/Genbank
database (Table 1). The 380-bp COIII region of
O. vulgaris sequenced in this study is illustrated
in Fig. 2.

Phylogenetic trees

All three tree construction methods revealed a
similar topology for both the 380-bp and 595-bp
regions (Figs 3 and 4, 380 bp region shown only).
Results from the MP and NJ tree topologies are
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Fig. 2. The 380-bp COlll region of Octopus vulgaris sequenced in this study, aligned and compared to
octopus COIIl sequences from other regions.
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Table 1. Abbreviations, origin and accession numbers of DNA sequences for the
various species compared.

Discussion Species Abbreviation  Origin Accession
No distinction could be made between O. vulgaris collected on number
the east (Port Alfred to Port Elizabeth) and west (Hout Bay to o e ov South Africa. this stug
Kleinmond) coasts of South Africa on the basis of genetic ctopus vulgaris o v Sgﬂih Aftica: this study AJ250487
variation in the COIll region. These data do not, therefore, refute O.v.3 Tristan da Cunha AJ250477
. . . . . O.v.4 Senegal AJ250476
the hypothesis of a single O. vulgaris genetic population around ovs Mediterranean AJO12121
the coast. However, a similar study, conducted on abalone from O.v.6 Taiwan AJ250479
. C 1o T g . Oov.7 Venezuela AJ250478
around South Africa, did find a significant difference between o8 North Brazil AJO12123
the east (Wave Crest to Struisbaai: haplotype diversity = 0.31) O.v.9 North Brazil AJo12124
. . . O.v.10 Costa Rica, Caribbean AJ012126
and west coasts (Dassen Island to Quin Point: haplotype diver- ov 11 Costa Rica. Garibbean  AJ012127
sity = 0.78). However, when sites in close proximity to Cape O.v.12 Costa Rica, Pacific AJ012125
Agulhas were compared, the east (Struisbaai: haplotype diver- Octopus mimus o.m.1 Costa Rica, Pacific AJ250480
sity = 0.69) versus west (Cape Point: haplotype diversity = 0.8¢) ~ 9¢10Pus mimus o.m2 North Chile AJ012128
_y_ . p R p yp_ i y Y Octopus bimaculoides O.o. U.S.A., California AJ250482
distinction could not be made, indicating mixing around this  octopus bimaculatus 0a U.S.A., California X83100
cape. Octopus dolfeini O.d. X83103
Population genetic studies on several other species have not  Loligo vulgaris reynaudii L. r. X97960
shown genetic variation between west and east coasts. These
Table 2. Pairwise distances between haplotypes based on the Kimura-2 parameter model. Haplotype abbreviations as in Table 1.
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17
1 Loligo
2 O.v.5 0.38 -
3 O.v. 1 0.36  0.01 -
4 Owv.7 0.36 0.04 0.04 -
5 O.v. 11 0.35 0.10 0.10 0.09 -
6 Owv.10 035 0.12 0.12 0.10 0.01 -
7 Ov.12 034 014 014 012 003 003 -
8 O.v.9 0.32 0.18 0.13 0.11 0.08 0.09 0.08 -
9 O.v.8 0.33 0.12 0.13 0.11 0.09 0.09 0.08 0.00 -
10 Om.2 034 0.14 0.14 0.12 0.03 0.03 0.00 0.08 0.08 -
11 O.d. 0.36 0.23 0.22 0.22 0.20 0.20 0.20 0.20 0.20 0.20 -
12 Owv.4 037 001 001 004 010 011 013 012 012 013 022 -
13 O.w.6 0.37 0.03 0.04 0.04 0.11 0.11 0.14 0.14 0.13 0.14 0.23 0.03 -
14  Om.1 0.34 0.13 0.13 0.12 0.03 0.03 0.01 0.08 0.08 0.01 0.19 0.12 0.13 -
15  O.o. 035 0.12 0.12 0.10 0.09 0.09 0.09 0.09 0.09 0.09 0.18 0.12 0.12  0.09 -
16 O.a. 0.34 0.12 0.12 0.11 0.09 0.09 0.09 0.09 0.08 0.09 0.19 0.12 0.13 0.09 0.05 -
17 Ow.3 036 001 000 004 010 012 014 013 013 014 022 001 004 0143 012 0.12 -
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studies focused on demersal teleosts™* and benthic
invertebrates™® with planktonic eggs and larvae,
indicating free movement of larvae between the
westand east coasts. O. vulgaris produces planktonic
larvae, and oceanographic studies along the South
African coast have suggested that the dispersal of
ichthyoplankton may occur on a large scale.”

Molecular genetic analysis of cephalopods has,
however, been hampered by low levels of variabil-
ity." The COIII region examined here might be too
conserved, i.e. there is not enough genetic variation
present to show differences between populations
and other criteria such as microsatellite DNA mark-
ers should be explored to investigate population
structures. Microsatellite markers are now available
for octopus and have been used in a population
study on octopus in northwest Africa.**” Genetic
variability detected by the microsatellites indicated
that more than two genetically distinct populations
exist off the northwest coast of Africa.” Micro-
satellites were also successfully employed to distin-
guish population structuring in squid (Loligo forbesi),
where other techniques involving mtDNA and
allozymes failed to detect differences.” The South
African O. vulgaris, based on data from this study,
should be treated as a single population for fishery
management purposes until more in-depth genetic
research can be conducted.

Phylogenetically, the South African O. vulgaris is
closely related to O. vulgaris from Senegal (0.67%
divergence) and the Mediterranean (1.51% diver-
gence). These results are similar to those found by
Soller et al.” and Warnke et al.” The latter” further
postulated that populations from France, Senegal,
South Africa, Tristan da Cunha and Venezuela are
from the same taxon. However, the high sequence
divergence (this study, 2.86-3.87%) between the
Mediterranean (including South Africa, Senegal)
and Taiwan and Venezuela might support conclu-
sions drawn from morphological data by Mangold
and Hochberg,® and Mangold,” that indicated a
Mediterranean and eastern Atlantic distribution
only. Nevertheless, further taxonomic classification
of octopus should take morphology, reproductive

and molecular data into consideration to ensure an all-round

approach to systematic analyses.
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laboratory space, and Rhodes University for funding.
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