
INTRODUCTION

The Argentinean squid, Illex argentinus
(Castellanos, 1960), is a cephalopod which belongs
to the Ommastrephidae family and is one of the
most important fishing resources in the South West
Atlantic. Its current capture rate is more than
400,000 tons/year in areas off the continental shelf
and the South Patagonian slope in the Argentinean
Sea (Brunetti et al., 1996). It is a neritic-oceanic
species which can be found between 23ºS and 53ºS,

and the most frequented region is that between 35ºS
and 52ºS at depths of between 80 and 400 metres
(Castellanos, 1964; Brunetti and Perez Comas,
1989a, 1989b; Otero et al., 1981).

An exhaustive biological fishing study of this
species has been carried out since 1981, a conse-
quence of which has been the proposal of at least
four spawning groups or stocks, based on the size
structure, the length of the first maturity, spawning
area and period (Brunetti, 1981, 1988; Nigmatullin,
1989). However, to date, the degree of genetic iso-
lation between these groups is unknown. The
current study consider the species’ genetic variabi-
lity and their population genetic structure.
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The application of genetic analysis through the
technique of enzymatic protein electrophoresis to the
study of marine populations is standard practice
nowadays and is extremely valuable in population
identification (Allendorf et al., 1987; May and
Krueger, 1990; Utter, 1991; Avise, 1994). However,
work carried out on squid using this method is still
scarce (Garthwaite et al., 1989; Carvalho and Pitcher,
1989; Carvalho et al., 1992), and this last study is the
only published work on I. argentinus to date.

This current work presents the results of an
extensive search for electrophoretically detectable
enzymatic loci in the muscle of the Argentinean
squid, which would serve as the basis for a more
profound analysis that would provide greater
knowledge of the population genetics structure of
this species.

MATERIAL AND METHODS

A total of 202 individuals captured by the INI-
DEP research vessel “Capitán Oca Balda” during
February of 1994 in the Argentinean Sea was analy-
sed. Once each squid had been individualised, a
piece of skeletal muscle was extracted from the
mantle of each example and frozen on board at
–20ºC. Later, the samples were transported to Spain
in expanded polystyrene boxes with enough dry ice
to ensure that they all arrived at their destination
still completely frozen. Once they arrived, they
were kept at –80ºC in the laboratory until their later
electrophoretic analysis.

The sample analysis was performed using the
technique of horizontal starch (11%) gel electrop-
horesis, following the description given by
Aebersold et al. (1987). Nine different buffer sys-
tems were used:

1- Continuous buffer AC, modified from
Clayton and Tretiak (1972).

2- Discontinuous buffer TC/LB (Ridgway et al.,
1970).

3- Continuous buffer TBE+NAD, modified from
Market and Faulhaber (1965).

4- Continuous buffer TBE, modified from
Market and Faulhaber (1965).

5- Continuous buffer TP, modified from
Guyomard and Krieg (1983).

6- Discontinuous buffer Poulik (Poulik, 1957).
7- Continuous buffer TC pH 6.5, modified from

Shaw and Prasad (1970).
8- Continuous buffer TC pH 8.00, modified

from Shaw and Prasad (1970).

9- Discontinuous buffer TC/LB+TBE, modified
from Market and Faulhaber (1965) and Ridgway et
al. (1970).

With respect to the stains, the ones used in this
work corresponded to enzymatic systems which
required the use of specific substrates for the reac-
tion, in accordance with the protocols described by
the following authors: Aebersold et al. (1987),
Allendorf et al. (1977), Harris and Hopkinson
(1976), Jorde et al. (1991), Morizot and Schmidt
(1990), Pasteur et al. (1988).

Table 1 lists the analysed enzymes and indicates
the ones which provided the best electrophoretic
and staining conditions.

RESULTS

Genetic description and interpretation of zymo-
grams

Forty-six different stains were tested, of which
13 did not show any activity and two gave a reso-
lution that was insufficient for genetic interpreta-
tion. The remaining 31 however, produced consis-
tent enzymatic phenotypes and enabled their
genotype identification, producing a total of 45 loci
that could be used in population studies.

The most conservative genetic explanation was
adopted for estimating the number of loci and alle-
les that coded an enzyme, both when it was descri-
bed for the first time and when there were differen-
ces with other authors, so that the necessary loci
and alleles for their explanation would be mini-
mum. The nomenclature used for the loci and alle-
le designation follows the recent standards descri-
bed by Shaklee et al. (1990). In those enzymes
which presented more than one locus, the Arabic
number suffix describes the different loci in increa-
sing order of mobility with respect to the anode.
The alleles for each locus were designated by their
relative electrophoretic mobility with respect to the
most common allele for this locus which was taken
as *100.

The zymograms obtained with the different
enzymatic stains used together with their genetic
interpretation are now described. In all cases, the
interpretation which is given agrees with the current
subunit structure of each enzyme. In spite of not
having previous electrophoretic information for
each enzyme, whenever possible, the results obtai-
ned in this work were compared to those described
for the species earlier by Carvalho et al. (1992).
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The enzymes analysed are presented already
classified into three groups according to activity
and degree of resolution.

Enzymes without activity

Of the 48 enzymatic stains used, the following
13 did not show any activity: Alcohol dehydrogena-

se (ADH), Aconitate hydratase (AH), Alanine ami-
notransferase (ALAT), Catalase (CAT), Esterase
(EST), Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), alfa-Glucosidase (aGLU), N-Acetyl-
beta-glucosaminidase (bGLUA), Glycerate dehy-
drogenase (GLYDH), Hexokinase (HK), L-Lactate
dehydrogenase (LDH), Lactoylglutathione lyase
(LGL), Hydrogen peroxide oxidoreductase (POD).
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TABLE 1. Enzymes screened, electrophoretic buffers and stains tested. E.C.Nº: Enzyme Commission number. Key of
the buffers (the order indicates the best resolution): 1: AC; 2: TC/LB; 3: TBE+NAD; 4: TBE; 5: TP; 6: Poulik; 7:
TC pH 6.5; 8: TC pH 8; 9: TC/LB+TBE. Key of the stains: 1: Aebersold et al., 1987; 2: Allendorf et al., 1977; 3:
Harris & Hopkinson, 1976; 4: Jorde et al., 1991; 5: Morizot & Schmidt, 1990; 6: Pasteur et al, 1988. # stain modi-
fied with agar 2%.

Enzyme E.C.N° Abbreviation Buffer Stain

Aspartate aminotransferase 2.6.1.1 AAT 2, 5 1
Acid phosphatase 3.1.3.2 ACP 5 3#
Adenosine deaminase 3.5.4.4. ADA 8, 7, 1 1
Alcohol dehydrogenase 1.1.1.1 ADH 3 2#
Aconitate hydratase 4.2.1.3 AH 4 1
Adenylate kinase 2.7.4.3 AK 1 1
Alanine aminotransferase 2.6.1.2 ALAT 5 1
Catalase 1.11.1.6 CAT 5 1
Creatine kinase 2.7.3.2. CK 8, 9 1
Diaphorase 1.6.4.3 DIA 9, 3 2#
Esterase 3.1.1.- EST 6, 2 1
Esterase-D 3.1.-.- ESTD 2 1
Fructuose bisphosphatase 3.1.3.11 FBP 1, 5 1
Fumarate hydratase 4.2.1.2 FH 3 1
beta-N-Acetilgalactosaminidase 3.2.1.53 bGALA 5 1
Glyceraldehyde-3-phosphate dehydrogenase 1.2.1.12 GAPDH 3, 5 3
alfa-Glucosidase 3.2.1.20 aGLU 5 1
N-Acetil-beta-glucosaminidase 3.2.1.30 bGLUA 5 4
Glutamate dehydrogenase 1.4.1.2 GLUDH 2 1
Glicerate dehydrogenase 1.1.1.29 GLYDH 1 5#
Glycerol-3-phosphate dehydrogenase 1.1.1.8 G3PDH 3, 1 1
Glucose-6-phosphate dehydrogenase 1.1.1.49 G6PDH 2, 1, 6 2
Glucose-6-phosphate isomerase 5.3.1.9 GPI 2 1
Hexokinase 2.7.1.1 HK 2 1
L-Iditol dehydrogenase 1.1.1.14 IDDH 2 2
Isocitrate dehydrogenase 1.1.1.42 IDHP 8, 7, 1 2#
L-Lactate dehydrogenase 1.1.1.27 LDH 3 2#
Lactoylglutathione lyase 4.4.1.5 LGL 6 1
alfa-Mannosidase 3.2.1.24 aMAN 5 4
Malate dehydrogenase 1.1.1.37 MDH 1, 3 2#
Malic enzyme (NAD+) 1.1.1.39 ME 3 2#
Malic enzyme (NADP+) 1.1.1.40 MEP 2 2#
Mannose-6-phosphate isomerase 5.3.1.- MPI 4 3
Octanol dehydrogenase 1.1.1.73 ODH 9, 1, 2, 5 2#
Dipeptidase 3.4.-.- PEPA 4 4
Tripeptide aminopeptidase 3.4.-.- PEPB 4 4
Proline dipeptidase 3.4.-.- PEPD 4 4
Peptidase-S 3.4.-.- PEPS 4 4
Phosphogluconate dehydrogenase 1.1.1.44 PGDH 1 1
Phosphoglucomutase 5.4.2.2 PGM 8, 4 1
Pyruvate kinase 2.7.1.40 PK 2 6
Hidrógeno peróxido oxidoreductasa 1.11.1.7 POD 5 3
General (unidentified) protein PROT 2 1
Superoxide dismutase 1.15.1.1 SOD all 1
Tyrosine aminotransferase 2.6.1.5 TAT 5, 9 1
Xanthine dehydrogenase 1.1.1.204 XDH 3 2#



Enzymes with little activity and insufficient
resolution

Octanol dehydrogenase (ODH).

A cathodal zone of moderate activity, probably
variable and with insufficient resolution was detec-
ted for this enzyme, but could not be genetically
interpreted.

Xanthine dehydrogenase (XDH).

Presented an anodal zone of weak activity, with
insufficient resolution that could not be genetically
interpreted.

Enzymes with good activity and resolution

A list follows which describes the interpretation
of the electrophoretic patterns that were obtained
with the 31 remaining enzymatic stains.

Aspartate amino-transferase (AAT)

A total of two moderately active anodal zones
were observed for this enzyme and this has been
interpreted as the expression of two loci, AAT-1*
and AAT-2*, both monomorphic.

Acid phosphatase (ACP)

An intensely active anodal zone, close to the ori-
gin, has been observed in this enzyme and it has been
identified as the expression of the ACP* locus where
two alleles have been detected, *100 and *225.

Adenosine deaminase (ADA)

A single variable anodal zone with moderate
activity was observed for this enzyme and has been
considered as a locus expression, ADA*, with two
alleles: *69 and *100. The homozygotes showed a
single band and the heterozygotes three bands, a
characteristic pattern of dimeric proteins.

Adenylate kinase (AK)

This enzyme presented three anodal zones of dif-
fering intensity activity. The first very close to the ori-
gin, is a weak zone, quite unclear and with a very dif-
fused aspect that could not be genetically interpreted.
The second and third zones are moderately and inten-
sely active respectively and have been identified as

the expression of two loci AK-1* and AK-2*. None of
these two loci presented allelic variation.

Creatine kinase (CK)

Three zones of activity with different intensity
and resolution have been detected in this enzyme,
each one is considered to be the expression of a
locus: CK-1*, CK-2* and CK-3*. Loci CK-1* and
CK-2* have moderate activity and resolution and
did not present any variation whatsoever in all the
analysed individuals. Locus CK-3* is variable with
good activity and resolution and presented two alle-
les: *95 and *100. 

Diaphorase (DIA)

Two anodal zones of activity very close to the
advancing electrophoretic front were observed for
this enzyme. The first zone is weakly active and
without any variation and has been considered as
the expression of a single monomorphic locus DIA-
1*. The second zone is variable with intense acti-
vity and resolution, it has been identified as locus
DIA-2* in which three alleles have been detected:
*95 ,*100 and *103.

Esterase-D (ESTD)

A single anodal zone has been observed for this
enzyme. It has good resolution without variation
and has been interpreted as the expression of a
monomorphic locus ESTD*.

Fructose-biphosphatase (FBP)

A single anodal zone of moderate activity wit-
hout variation was observed for this enzyme and it
was interpreted as the expression of a monomorp-
hic locus FBP*.

Fumarate hydratase (FH)

This enzyme presents a single invariant anodal
zone of moderate activity and intermediate resolu-
tion, that was defined as an FH* locus.

beta-N-Acetylgalactosaminidase (bGALA)

This enzyme presents a single anodal zone of
weak activity close to the origin with moderate
resolution, which has been interpreted as a mono-
morphic locus bGALA*.
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Glutamate dehydrogenase (GLUDH)

A single anodal zone of weak activity was
detected in this enzyme with moderate resolution. It
was interpreted as the expression of a monomorp-
hic locus GLUDH*.

Grycerol-3-phosphate dehydrogenase (G3PDH)

A single anodal invariant zone of activity was
detected in this enzyme that was assumed to reflect
the expression of a single locus G3PDH*.

Glucose-6-phosphate dehydrogenase (G6PDH)

A single variable zone of activity was detected
in this enzyme. It has weak resolution and has been
interpreted as the expression of a single locus
G6PDH*, with two alleles: *100 and *107. The
observed phenotypes correspond to a dimeric pro-
tein where the heterozygotes show three bands and
the homozygotes one.

Glucose-6-phosphate isomerase (GPI)

A single anodal invariable zone with intense
activity and good resolution was detected in this
enzyme which was identified as the expression of a
monomorphic locus GPI*.

L-Iditol dehydrogenase (IDDH)

This enzyme presented a single anodal zone of
activity which was variable with good resolution
and was interpreted as the expression of a single
locus IDDH* with two alleles: *100 and *113.

Isocitrate dehydrogenase (IDHP)

Two anodal zones were detected for this enzyme,
both were variable with intense activity and good
resolution. They were interpreted as the expression
of two loci: IDHP-1* with alleles *68 and *100;
and IDHP-2* with alleles *94 and *100. All the
homozygotes present a phenotype with a single
band, whereas the heterozygotes present three bands
which is the pattern of the dimeric proteins.

alfa-Mannosidase (aMAN)

This enzyme presents a single anodal zone of acti-
vity. It has good resolution without variation and has
been interpreted as a monomorphic locus aMAN*.

Malate dehydrogenase (MDH)

This enzyme’s zymograms present four anodal
zones with different intensities that were interpre-
ted as being the expression of three loci: MDH-1*,
MDH-2* and MDH-3*. The fourth zone corres-
ponds to the interloci heterodimer between the first
and second locus. The remaining heterodimers
were not seen, possibly because they overlapped
the expression of one of the other three loci. The
intensely active locus MDH-1* and moderately
active locus MDH-2*, did not present any variation
in the total of analysed individuals. However, locus
MDH-3*, with intense activity and good resolution,
presented two alleles *100 and *160. The indivi-
dual homozygotes presented a single band with
three for the heterozygotes, which is typical of the
dimeric proteins.

When using buffer number 3 (Table 1), the
resulting zymograms for this enzyme are the equi-
valent, in activity and resolution zones, to those
obtained for the malic enzyme (ME). In this case,
the two loci detected in ME are identical to those
designated MDH-2* and MDH-3*, both in allele
quantity and individual variation.

Malic enzyme-NAD (ME)

This enzyme presents two intense anodal zones
of activity with good resolution and each one is
considered as the expression of a locus: ME-1* and
ME-2*. Locus ME-1* did not show any variation.
However, two alleles were detected in locus ME-
2**100 and *160, in which the individual homozy-
gotes are observed with a single band and the hete-
rozygotes with three, a characteristic of dimeric
proteins. A zone of weak activity which is observed
between both loci was considered to be the expres-
sion of the interloci heterodimers.

Malic enzyme-NADP (MEP)

A single variable anodal zone of intense activity
and resolution has been detected for this enzyme,
which is interpreted as the expression of the locus
MEP* with two alleles: *95 and *100.

Mannose-6-phosphate isomerase (MPI)

Two anodal zones with good activity and resolu-
tion have been observed for this enzyme and each is
considered to be the expression of loci MPI-1* and
MPI-2*. Locus MPI-1* did not show any variation
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in the total of analysed individuals. Two alleles were
detected in locus MPI-2*: *85 and *100. The slow
allele showed the same electrophoretic mobility as
locus MPI-1*. All heterozygotes present two bands
which are characteristic of monomeric proteins.

Dipeptidase (PEPA)

A single variable anodal zone of activity was
observed with the glycyl-leucine dipeptide. It was
interpreted as a single locus, PEPA*, with three
alleles: *95, *100 and *105.

Tripeptide aminopeptidase (PEPB)

A single anodal zone of moderate activity was
observed for leucyl-glycyl-glycine tripeptide.
There was no variation and it was interpreted as a
single monomorphic locus PEPB*.

Proline dipeptidase (PEPD)

The zymograms obtained with the phenylalani-
ne-proline dipeptide presented a single variable
anodal zone of activity that was considered to be
the expression of a single locus PEPD*, with three
alleles: *80, *90 and *100. 

Peptidase-S (PEPS)

Three intense zones of activity were observed
with the peptide leucyl-tyrosine and they were
interpreted as the expression of three loci, PEPS-
1*, PEPS-2* and PEPS-3*. Locus PEPS-1*, was
very close to the origin and presented three alleles:
*100, *114 and *155. Two alleles were detected in
the remaining loci: *92 and *100 in locus PEPS-2*,
and *90 and *100 in locus PEPS-3*.

6-Phosphogluconate dehydrogenase (PGDH)

This enzyme presents a single anodal zone of
intense activity and good resolution which was
interpreted as the expression of a locus PGDH*. In
the total of analysed examples, only one individual
presented a phenotype with three bands which was
interpreted as a heterozygote for the rapid variant
*105.

Phosphoglucomutase (PGM)

This enzyme presented a single anodal zone of
intense activity with good resolution which has

been interpreted as the expression of a locus PGM*
with three alleles: *64, *100 and *114. The
homozygotes present a single band and the hete-
rozygotes two, the typical expression of a mono-
meric protein.

Pyruvate kinase (PK)

Three anodal zones of activity with different
intensities and resolutions were detected in the
zymograms obtained for this enzyme. The one clo-
sest to the origin had moderate activity without any
variation and was interpreted as the expression of a
monomorphic locus PK*. The two others presented
weak activity and such very deficient resolution
that they could not be genetically interpreted.

General protein (PROT)

Four invariant anodal zones of intense activity,
with good resolution were detected for the general
proteins which were interpreted as the expression
of four loci: GP-1*, GP-2*, GP-3* and GP-4*.

Superoxide dismutase (SOD)

A single zone of intense activity and good reso-
lution, without any variation, was observed for this
enzyme which was interpreted as a monomorphic
locus SOD*.

Tyrosine aminotransferase (TAT)

Two anodal zones of activity were detected in
this enzyme. The first had moderate activity and
good resolution. It did not present any variation in
the analysed individuals and is considered to be the
expression of a monomorphic locus TAT-1*. The
second had intense activity and was interpreted as
the expression of locus TAT-2* with two alleles:
*89 and *100. The general pattern detected corres-
ponds to a monomeric protein where the individual
homozygotes present a single band and the hete-
rozygotes two.

DISCUSSION

Selection of the loci for the study of genetic
variability

The use of a considerable number of loci has
been suggested for estimating the genetic variation
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in natural populations (Nei, 1973; Nei and
Roychoudhury, 1974). After several decades of appl-
ying electrophoretic techniques in fish, most authors
consider that the use of a large number of loci is
more important than the use of a great number of
individuals (Gorman and Renzi, 1979). This is due to
the variance which exists in the heterozygosis bet-
ween the different loci in a species (Nei et al., 1976).

With the aim of allowing the obtained loci to be used
in later population analyses of the Argentinean squid,
a large number of enzymatic stains were used, which
in turn, provided a high number of well-resolved
loci. At the same time, the sample used was also
large (N=200) and this ensured the identification of
as large a number as possible of allelic variants pre-
sent in the species sampled area.
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TABLE 2. Summary of the resolution for the studied enzymes (46) with observed loci (47) and detected alleles in Illex argen-
tinus. a equivalent to MDH-2*, b equivalent to MDH-3*.

Enzyme Locus Resolution Detected alleles

Aspartate aminotransferase AAT-1* monomorphic
AAT-2* monomorphic

Acid phosphatase ACP* polymorphic *100, *225
Adenosine deaminase ADA* polymorphic *69, *100
Alcohol dehydrogenase no activity
Aconitate hydratase no activity
Adenylate kinase AK-1* monomorphic

AK-2* monomorphic
Alanine aminotransferase no activity
Catalase no activity
Creatine kinase CK-1* monomorphic

CK-2* monomorphic
CK-3* polymorphic *95, *100

Diaphorase DIA-1* monomorphic
DIA-2* polymorphic *95, *100, *103

Esterase no activity
Esterase-D ESTD* monomorphic
Fructose bisphosfatase FBP* monomorphic
Fumarate hydratase FH* monomorphic
beta-N-Acetilgalactosaminidase bGALA* monomorphic
Glyceraldehyde-3-phosphate dehydrogenase no activity
alfa-Glucosidase no activity
N-Acetil-beta-glucosaminidase no activity
Glutamate dehydrogenase GLUDH* monomorphic
Glycerate dehydrogenase no activity
Glycerol-3-phosphate dehydrogenase G3PDH* monomorphic
Glucose-6-phosphate dehydrogenase G6PDH* polymorphic *100, *107
Glucose-6-phosphate isomerase GPI* monomorphic
Hexokinase no activity
L-Iditol dehydrogenase IDDH* polymorphic *100, *113
Isocitrate dehydrogenase IDHP-1* polymorphic *68, *100

IDPH-2* polymorphic *94, *100
L-Lactate dehydrogenase no activity
Lactoylglutathione lyase no activity
alfa-Mannosidase aMAN* monomorphic
Malate dehydrogenase MDH-1* monomorphic

MDH-2* monomorphic
MDH-3* polymorphic *100, *160

Malic enzyme (NAD+) ME-1* monomorphica

ME-2* polymorphicb *100, *160
Malic enzyme (NADP+) MEP* polymorphic *95, *100
Mannose-6-phosphate isomerase MPI-1* monomorphic

MPI-2* polymorphic *85, *100
Octanol dehydrogenase bad resolution
Dipeptidase PEP-A* polymorphic *95, *100, *105
Tripeptide aminopeptidase PEP-B* monomorphic
Proline dipeptidase PEP-D* polymorphic *80, *90, *100
Peptidase-S PEP-S-1* polymorphic *100, *114, *155

PEP-S-2* polymorphic *92, *100
PEP-S-3* polymorphic *90, *100

Phosphogluconate dehydrogenase PGDH* polymorphic *100, *105
Phosphoglucomutase PGM* polymorphic *64, *100, *114
Pyruvate kinase PK * monomorphic
Hydrogen peroxide oxidoreductase no activity
General protein PROT-1* monomorphic

PROT-2* monomorphic
PROT-3* monomorphic
PROT-4* monomorphic

Superoxide dismutase SOD* monomorphic
Tyrosine aminotransferase TAT-1* monomorphic

TAT-2* polymorphic *89, *100
Xanthine dehydrogenase XDH* bad resolution



If the criterion of at least one locus being detected
in those cases where there is activity in spite of insuf-
ficient resolution is used, then the total number of loci
observed during this work was 52. However, not all
these loci can be used in the study of genetic variabi-
lity of the squid and their selection must be based on
the following criteria: a) the enzyme resolution must
be sufficiently clear to permit the observed phenoty-
pes to be easily read and to allow their correct genoty-
pe interpretation. For these reasons, the stains with
poor resolution or those where the observed variation
could not be genetically interpreted (ODH, XDH)
were rejected; b) one must take into account those
loci which were detected in different stains and that
were identical in mobility, quantity of alleles and
observed individual variation (loci 1*, 2* of ME and
2*, 3* of MDH). Only the ME loci or the MDH loci
should be used in population studies; c) all the loci
which are going to be used must have been correctly
resolved in the total of individuals. Even with these
restrictions, a large number (45) of useful loci remain
for the variability analysis in the Argentinean squid.
Table 2 provides a summary of the resolution type for
each of the studied enzymes, together with observed
loci and detected alleles.

The principal use of this work compared to that
of Carvalho et al. (1992), lies both in the greater
number of resolved loci and the more detailed inter-
pretation of the obtained zymograms. The latter is
especially important for those research teams who
would like to undertake more exhaustive future
population studies of the Argentinean squid. There
is a great need for understanding the patterns for
genetic diversity in this species, both from an evo-
lutionary point of view and for the management of
the fishing grounds. It should be made clear that
only two of the postulated four spawning groups
were studies in this work. Any future studies which
include all the known groups will probably reveal
polymorphism in some of the loci that were shown
to be only monomorphic by this work.

Measurement of genetic variability

Carvalho et al. (1992) reported identical results
in the number of loci for the following enzymes:
AAT, ADA, CK, DIA, ME, ESTD, FBP, FH,
G3PDH, G6PDH, GPI, MPI, PEPB, PGDH and
SOD. However, for the AK, IDHP, MDH and PGM
enzymes, the number of detected loci in this work
differ from those reported by Carvalho et al.
(1992), probably due to the differing electrophore-
tic conditions employed in the two studies.

With respect to the detected genetic variability,
20 of the 47 resolved loci (P=0.42) demonstrated
some form of polymorphism (ACP*, ADA*, CK-
3*, DIA-2*, G6PDH*, IDDH*, IDHP-1*, IDHP-
2*, MDH-3*, ME-2*, MEP-1*, MPI-2*, PEPA*,
PEPD*, PEPS-1*, PEPS-2*, PEPS-3*, PGDH*,
PGM*, TAT-2*), although only 6 (ADA*, DIA-2*,
IDHP-1*, MEP*, MPI-2*, PGM*) are polymorp-
hic according to the 95% criterion (P=0.13). These
values are similar to those encountered by Carvalho
et al. (1992), who obtained 12 polymorphic loci
from 25 resolved loci of which 7 were polymorphic
according to the 95% criterion.

ACKNOWLEDGEMENTS

We would like to express our thanks to Dr. N. E.
Brunetti (INIDEP, Argentina) for collecting the
samples and to F. Rivas for her technical assistan-
ce. B. Jerez received a fellowship from the Spanish
Agency for International Co-operation (AECI) for
his stay in Girona, Spain and assistance for the trip
from UNESCO, ROSTLAC contract 883.501-4.
This paper is a part of the PhD work of BJ at the
Universidad de Mar del Plata, Argentina.

REFERENCES

Aebersold, P. B., G. A. Winans, D. J. Teel, G. B. Milner and F. M.
Utter. - 1987. Manual for starch gel electrophoresis: a method
for the detection of genetic variation. NOAA Tech. Rep. NMFS,
61: 1-19.

Allendorf, F. W., N. Mitchell, N. Ryman and G. Stahl. - 1977.
Isozyme loci in brown trout (Salmo trutta L.): detection and
interpretation from population data. Hereditas, 86: 179-190.

Allendorf, F. W., Ryman, N. and F. Utter. - 1987. Genetics and fis-
hery management: past, present, and future. In: Ryman, N. y F.
Utter, (eds.) Population Genetics and Fishery Management.,
pp. 1-19. University of Washington Press, Seattle.

Avise, J. C. - 1994. Molecular markers, natural history and evolu-
tion. Chapman and Hall, New York, 511 pp.

Brunetti, N. E. - 1981. Distribución de tallas y biología reproduc-
tiva del calamar Illex argentinus en el Mar Argentino. In:
Angelescu, V. (ed.): Campañas del B/I “Shinkai Maru” 1978-
1979. Contr. INIDEP, Mar del Plata, N° 383: 105-119.

Brunetti, N. E. - 1988. Contribución al conocimiento biológico
pesquero del calamar argentino (Cephalopoda,
Ommastrephidae, Illex argentinus). Ph. D. tesis, Universidad
Nacional de La Plata, Argentina, 135 pp.

Brunetti, N. E. and J. A. Perez Comas. - 1989 a. Abundancia y
composición poblacional del recurso calamar (Illex argenti-
nus) en aguas uruguayo-bonaerenses en mayo. Rev. Frente
Marítimo, 5(A): 39-59.

Brunetti, N. E. and J. A. Perez Comas. - 1989 b. Abundancia dis-
tribución y estructura poblacional del calamar (Illex argenti-
nus) en aguas de la plataforma patagónica en diciembre de
1986 y enero-febrero de 1987. Rev. Frente Marítimo, 5(A): 61-
70.

Brunetti, N. E., M. L. Ivanovic and B. Elena. - 1996. Calamares de
la Familia Ommastrephidae. In: Boschi, E. (ed.): El Mar
Argentino y sus recursos pesqueros. Vol. 2. Moluscos. INIDEP.
MS.

148 B. JEREZ et al.



Carvalho, G. R. and T. J. Pitcher. - 1989. Biochemical genetic stu-
dies on the Patagonian squid Loligo gahi d’Orbigny. II.
Population structure in Falkand waters using isozymes, morp-
hometrics and life history data. J. Exp. Mar. Biol. Ecol., 126:
243-258.

Carvalho, G. R. , A. Thompson and A. L. Stoner. - 1992. Genetic
diversity and population differentiation of the shortfin squid
Illex argentinus in the South West Atlantic. J. Exp. Mar. Biol.
Ecol., 158: 105-121.

Castellanos, Z. A. de - 1960. Una nueva especie de calamar argen-
tino, Ommastrephes argentinus sp. nov. (Mollusca,
Cephalopoda). Neotropica, 6(20): 55 58.

Castellanos, Z. A. de - 1964. Contribución al conocimiento bioló-
gico del calamar Illex argentinus. Bol. Inst. Biol. Mar., 8: 4-34.

Clayton, J. W. and D. N. Tetriak. - 1972. Amine-citrate buffers for
pH control in starch gel electrophoresis. J. Fish. Res. Board
Can., 29: 1169-1172.

Garthwaite, R. L., C. J. Berg, Jr. and J. Harrigan. - 1989.
Population genetics of the common squid Loligo pealei Le
Sueur, 1821, from Cape Cod to Cape Hatteras. Biol. Bull., 177:
287-294.

Gorman, G. C. and J. Renzi, Jr. - 1979. Genetic distance and hete-
rozygosity estimates in electrophoretic studies: Effects of sam-
ple size. Copeia, 1979: 242-249.

Guyomard, R. and F. Krieg. - 1983. Electrophoretic variation in six
populations of brown trout (Salmo trutta). Can. J. Genet.
Cytol., 25: 403-413.

Harris, H. and D. A. Hopkinson. - 1976. et seq. Handbook of
Enzyme Electrophoresis in Human Genetics. North-Holland,
Amsterdam.

Jorde, P. E., Gitt, A. and N. Ryman. - 1991. New biochemical
genetic markers in the brown trout (Salmo trutta). J. Fish.
Biol., 39: 451-454.

Market, C. and I. Faulhaber. - 1965. Lactate dehydrogenase isozy-
me pattern of fish. J. Exp. Zool., 159: 319-332.

May, B. and Ch. C. Krueger. - 1990. Use of allozyme data for
population analysis. In: Whitmore, D.H., (ed.).
Electrophoretic and isoelectric Focusing Techniques in
Fisheries Management. pp. 24-80. CRC Press, Boca Raton.

Morizot, D. C. and M. E. Schmidt. - 1990. Starch gel electropho-

resis and histochemical visualization of proteins. In:
Whitmore, D.H. (ed.): Electrophoretic and Isoelectric
Focusing Techniques in Fisheries Management, pp. 24-80.
CRC Press, Boca Raton.

Nei, M. and A. K. Roychoudhury. - 1974. Sampling variances of
heterozygosity and genetic distance. Genetics, 76: 379-390.

Nei, M., P. A. Fuerst and R. Chakraborty. - 1976. Testing the neu-
tral mutation hypothesis by distribution of single locus hete-
rozygosity. Nature, 262: 491-493.

Nei, M. - 1973. Analysis of gene diversity in subdivided popula-
tions. Proc. Natl. Acad. Sci. U.S.A., 70: 3321-3323.

Nigmatullin, Ch. M. - 1989. Las especies de calamar más abun-
dantes del Atlántico Sudoeste y sinopsis sobre la ecología del
calamar (Illex argentinus). Rev. Frente Marítimo, 5(A): 71-82.

Otero, H. O., S. I. Bezzi, R. G. Perrotta, J. A. Perez Comas, M.
Simonazzi and M. A. Renzi. - 1981. Los recursos del Mar
Argentino Parte III. Distribución, estructura de población, bio-
masa y rendimiento potencial de la polaca, el bacalao austral,
la merluza de cola y el calamar. Contr. INIDEP, Mar del Plata,
N° 383: 28-41.

Pasteur, N., G. Pasteur, F. Bonhomme, J. Catalan and J. Britton-
Davidian. - 1988. Practical isozyme genetics. Ellis Horwoods
Limited, Chichester, 215 pp.

Poulik, M. D. - 1957. Starch electrophoresis in a discontinous sys-
tem of buffer. Nature, 180: 1477.

Ridgway, G. J., S. W. Sherburne and R. D. Lewis. - 1970.
Polymorphism in the esterases of Atlantic herring. Trans.
Amer. Fish. Soc., 99: 147-151. 

Shaklee, J. B., F. W. Allendorf, D. C. Morizot and G. S. Whitt. -
1990. Gene nomeclature for protein-coding loci in fish. Trans.
of the Am. Soc., 119: 2-15.

Shaw, C. R. and R. Prasad. - 1970. Starch gel electrophoresis of
enzymes a compilation of recipes. Biochem. Genet., 4: 297-
320.

Utter, F. M. - 1991. Biochemical genetics and fishery management:
an historical perspective. J. Fish Biol., 39 (Supplement A): 1-20.

Scient. ed.: J.M. Gili

BIOCHEMICAL GENETICS IN THE ARGENTINEAN SQUID 149





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 400
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /ESP <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


