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Introduction
Octopus vulgaris has been identified as a marine resource for a

possible new commercial fishery in South Africa.1,2 The use of
genetic methods in fishery population studies is an important
facet of both fisheries stock assessment and management.3

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.4–6 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.3 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.3 Genetic markers have
increasingly been used in the identification of finfish stocks.7–12

By comparison, the use of genetic methods in cephalopod popu-
lation studies has been modest13–16 and genetic studies on
octopus specifically have focused mainly on phylogeny.17–20

As one of the most intensively studied cephalopod species,21

O. vulgaris is still undergoing taxonomic revision. Long considered
to be globally distributed,22 it has now been restricted to
the Mediterranean and Eastern Atlantic through morphologi-
cal description.21,23 However, species previously classified as

O. vulgaris have recently been separated from the O. vulgaris
complex and described as a separate species through genetic
studies19,20 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,17–19,24 with
DNA sequences available from individuals from several regions
including South Africa. Given that the taxonomic classification
of the South African species is uncertain,25 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.1,2,38

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
5´-ACCATAATTCAATGTGACGTGATATT-5´ and mtDNA
reverse 5´-AAATAGAAAATGATGCTTCTATATATTCTAA-3´ sup-
plied by Inqaba Biotech (Pretoria). The PCR reactions were set
up in 25 µl reaction volume, containing: 2.5 µl 10 mM NH4 buffer,
2.5 µl 50 mM MgCl2, 2.5 µl BSA, 2.0 µl 100 mM dNTPs, 1 µl primer
(3.2 pmol), 0.4 µl Taq (BIOTAQ™ DNA Polymerase) and 1–5 µl
DNA. Thermal cycling was hot-started (96°C for 5 min, held at
85°C while Taq 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 5 min.19 The amplified product was cut out of agarose gel and
purified using a Promega Wizard® SV GEL and PCR clean-up
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This study on Octopus vulgaris focused on the COIII 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 COIII 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.

Fig. 1. Collection sites of Octopus vulgaris around the South African coast. The
number of samples collected per site is indicated in brackets.



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 CLUSTAL W in
BioEdit,26 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*
4.0b1027 and MEGA version 2.1.28 Distance analy-
sis was performed using Neighbor Joining (NJ),
assuming a Kimura 2-parameter and HKY85
model29 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 Warnke30 in Gen-
bank (accession numbers SA: AJ250487; TdC:
AJ250477). The South African COIII 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 COIII region of Octopus vulgaris sequenced in this study, aligned and compared to
octopus COIII sequences from other regions.

Continued on p. 605



presented. Four distinct clusters were visible.
The South African and Tristan da Cunha haplo-
types fell within the Mediterranean cluster
also containing results for Senegal, Taiwan and
Venezuela. A second cluster consisted of the
O. vulgaris/Octopus mimus complex from Costa
Rica and North Chile, whereas the last two
groups were formed by O. vulgaris from North
Brazil and Octopus bimaculatus/bimaculoides from
California. All these clusters were supported by
high bootstrap values (92–100%).

Average sequence divergence was calculated
within and between groups. Within the Mediter-
ranean group, O. vulgaris (595 bp) from South
Africa displayed less sequence divergence from
Senegal (0.67%) and Mediterranean (1.51%)
individuals than O. vulgaris from Venezuela
(3.85%) and Taiwan (3.87%). Sequence diver-
gences (595 bp) within the groups were as
follows: Mediterranean 2.73%, Costa Rica group
2.31%, Brazil group 0.19%, and the California
group 16.47%.

Distance matrixes using a Kimura-2 parameter
(Table 2) and Jukes-Cantor, HKY 85 (data not
shown) models produced similar values. These
distance data also support the close relation
(0.01–0.0 = no divergence) between the South
African, Tristan da Cunha, Senegal and Mediter-
ranean sequences.

Discussion
No distinction could be made between O. vulgaris collected on

the east (Port Alfred to Port Elizabeth) and west (Hout Bay to
Kleinmond) coasts of South Africa on the basis of genetic
variation in the COIII region. These data do not, therefore, refute
the hypothesis of a single O. vulgaris genetic population around
the coast. However, a similar study, conducted on abalone from
around South Africa, did find a significant difference between
the east (Wave Crest to Struisbaai: haplotype diversity = 0.31)
and west coasts (Dassen Island to Quin Point: haplotype diver-
sity = 0.78).31 However, when sites in close proximity to Cape
Agulhas were compared, the east (Struisbaai: haplotype diver-
sity = 0.69) versus west (Cape Point: haplotype diversity = 0.86)
distinction could not be made, indicating mixing around this
cape.

Population genetic studies on several other species have not
shown genetic variation between west and east coasts. These
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Fig. 2 (continued)

Table 1. Abbreviations, origin and accession numbers of DNA sequences for the
various species compared.

Species Abbreviation Origin Accession
number

Octopus vulgaris O. v.1 South Africa, this study —
O. v. 2 South Africa AJ250487
O. v. 3 Tristan da Cunha AJ250477
O. v. 4 Senegal AJ250476
O. v. 5 Mediterranean AJ012121
O. v. 6 Taiwan AJ250479
O. v. 7 Venezuela AJ250478
O. v. 8 North Brazil AJ012123
O. v. 9 North Brazil AJ012124
O. v. 10 Costa Rica, Caribbean AJ012126
O. v. 11 Costa Rica, Caribbean AJ012127
O. v. 12 Costa Rica, Pacific AJ012125

Octopus mimus O. m.1 Costa Rica, Pacific AJ250480
Octopus mimus O. m.2 North Chile AJ012128
Octopus bimaculoides O. o. U.S.A., California AJ250482
Octopus bimaculatus O. a. U.S.A., California X83100
Octopus dolfeini O. d. X83103
Loligo vulgaris reynaudii L. r. X97960

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 8 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 O.v. 7 0.36 0.04 0.04 –
5 O.v. 11 0.35 0.10 0.10 0.09 –
6 O.v. 10 0.35 0.12 0.12 0.10 0.01 –
7 O.v. 12 0.34 0.14 0.14 0.12 0.03 0.03 –
8 O.v. 9 0.32 0.13 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 O.m. 2 0.34 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 O.v. 4 0.37 0.01 0.01 0.04 0.10 0.11 0.13 0.12 0.12 0.13 0.22 –
13 O.v. 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 O.m. 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. 0.35 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 O.v. 3 0.36 0.01 0.00 0.04 0.10 0.12 0.14 0.13 0.13 0.14 0.22 0.01 0.04 0.13 0.12 0.12 –



studies focused on demersal teleosts32,33 and benthic
invertebrates34 with planktonic eggs and larvae,
indicating free movement of larvae between the
west and 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.35

Molecular genetic analysis of cephalopods has,
however, been hampered by low levels of variabil-
ity.16 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.36,37 Genetic
variability detected by the microsatellites indicated
that more than two genetically distinct populations
exist off the northwest coast of Africa.37 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.16 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
Söller et al.19 and Warnke et al.20 The latter20 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,23 and Mangold,21 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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strap values (%) after 1000 replications.] Scale bar indicates branch length.
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Evolution of Labeo victorianus
predates the Pleistocene
desiccation of Lake Victoria:
evidence from mitochondrial
DNA sequence variation

Justus Rutaisirea*, Anthony J. Boothb,
Charles Masembec, Silvester Nyakaanac and
Vincent B. Muwanikac

The climatic history of Lake Victoria is reported to have fluctuated
greatly in the last 400 000 years, with three major desiccations
recorded from seismic studies, the most recent dating to about
15 000 years ago.1 This has created the impression that the entire

faunal diversity of the lake has arisen within the last 15 000 years.
However, recent analyses based on mitochondrial DNA
(mtDNA) sequences of East African cichlids have shown that the
latest desiccation of Lake Victoria did not lead to a complete
extinction of its endemic cichlid fauna and that the major lineage
diversification took place between 100 000 and 200 000 years
ago.2–4 In this paper we report that the genetic divergence in the
cyprinid fish, Labeo victorianus, based on mtDNA sequence varia-
tion, suggests that the evolution of this species also predates the
most recent desiccation of Lake Victoria.

Samples for this study were obtained from the Kagera and Sio
rivers that drain into Lake Victoria. A total of 38 samples were
obtained, 19 from each river. Fresh muscle tissue was excised
from under the skin, with care taken to avoid contamination,
and immediately stored in 25% dimethylsulphoxide (DMSO)
saturated with NaCl.5 In the field, samples were kept at ambient
temperature, and at –80°C in the laboratory. Total genomic DNA
was extracted from the samples using the QIAGEN DNeasy
tissue kit (QIAGEN) following the manufacturer’s protocol. A 446
base-pair segment of the 5’ hypervariable part of the control re-
gion was PCR-amplified using primers LaviF (5’-CACCCCCT
GGCTCCCAAA-3’) and LaviR (5’CCTCCTTGGTTTAGGGGTT
TGACAAGG-3’) specifically designed for this study. The primers
were biotinylated interchangeably at the 5’ end. Amplifications6

were carried out in 50 µl reaction volumes containing 2–5 ng of
total genomic DNA, 50 pmol of each primer, 50 pmol dNTPs,
10 mM Tris HCl, 1.5 mM MgCl2, and 0.8 units of Taq Polymerase
(Boehringer Mannheim). The cycling parameters used were as
follows: one cycle of initial denaturation at 94°C for 5 min
followed by 34 cycles of denaturation at 94°C for 1 min, anneal-
ing at 56°C for 2 min and extension at 72°C for 3 min. The
double-stranded PCR product was separated into single strands
using streptavidin-coated paramagnetic beads (DYNAL®).
Single-stranded DNA was dissolved in sterile, distilled water
and used as a template for sequencing by the dideoxy
chain-termination method,7 using Sequenase kit version 2.0
(Amersham Pharmacia Biotech), [�-35S]-dATP (Amersham
Pharmacia Biotech) and a primer complementary to the tem-

Geological data show that Lake Victoria dried out some 15 000
years ago. These data suggest that the entire faunal diversity within
the lake has evolved since this time. However, mitochondrial DNA
sequence diversity in the endemic cyprinid fish, Labeo victorianus,
was high (24 haplotypes in 38 individuals; percentage sequence
divergence of 0.74%), suggesting that the evolution of this species
predates this Late Pleistocene climatological event. This finding is
consistent with what has been reported earlier for cichlid fishes in
the lake.

aDepartment of Wildlife and Animal Resources Management, Makerere University,
P.O. Box 7062, Kampala, Uganda.
bDepartment of Ichthyology and Fisheries Science, Rhodes University, P.O. Box 94,
Grahamstown 6140, South Africa.
cInstitute of Environment and Natural Resources, Makerere University, P.O.Box 7298,
Kampala, Uganda.
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<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00667
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


