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ABSTRACT

Sebastes spp from Iceland:c and Greenland waters were analysed for bxochemxcal
genetic varlatlon by agar gel and starch gel electrophoresns The main emphasize was
put on S. marinus, but the oceanic type S. mentella from the Irminger sea and S.
viviparus from coastal Icelandic waters were studied for comparisons. The results

were compared to earlier studies on material from East Greenland. Faroe Islands,

‘ - British sector and off the Norwegian coast (Nedreaas and Naevdal 1991). The S.
marinus samples were collected southwest of Iceland, on the southeast coast, north of °
Iceland and from both sndes of Cape Farewell. S. viviparus were collected from five
locahtles south of Iceland llaemoglobm and three enzymes in liver and muscle tissue
were analysed by use of agar gel and starch gel electrophoresis. Isocitrate
dehydrogenase (IDH) were analysed because it shows polymorphism in liver tissue;
malate dehydrogenase (MDll), malic enzyme (ME) and haemoglobins first of all
because they are species specific. The oceanic type S. mentella showed no- ,
polymorphlsm in either of the enzymes and showed an overall picture identical to .
what has becn found in this species in other areas. Idh-genotypes in the samples from
Iceland S. marinus showed a similar dlstrlbutnon as found around Faroe Islands and
the coast of Norway while the Greenland samples were deviating. Intersample
differences were indicated also in S. viviparus. Pattern of MDH was dlagnostlc for S.
viviparus. In all three species were found somewhat unclear variations that will be -
further studied. The haemoglobm patterns were monomorphrc in all three species in
Iceland, and as found before, clearly diagnostic for S. mentella, while considerable
variation were noted in the material of S. marinus from Greenland.
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INTRODUCTION
Inter- and intraspecific biochemical genetic \anatlon among Sebastes specles were
described by Nedreaas and Naevdal (1989) based on material from the Norweglan
coast and the Barents Sea. By combination of results of electrophoresns of different
protem systems the three species present in the Northeast Atlantic area, Sebastes
marinus, S. viviparus and S. mentella, could be clearly distinguished. S. mentella
differed from the other two species in haemoglobm patterns, while MDH patterns
were dlagnostlc for S. m'tparus Liver IDH showed up to be polymorphic for both
S. marinus and S. viviparus, both sharing one common gene, called 1dh-1(100). S.
mentella was found to be monomorph:c for this gene. S. marinus possessed in
addition one frequent and one rare gene, called Idh-I(60) and Idh-1(120) respectlvely,
while S. vmparus similarly possessed a l'requent gene, Idh-1(50). Later material from
the Faroe Islands (all specnes), Irminger Sea (S. mentella) and East Greenland
(S. mentella and S. marmus) was similarly nmestlgated While the results of S.
mentella and S vwzparus did not deviate from correspondmg results from Norwegian
waters, S. marinus presented new haemoglobin patterns at East Greenland, and this
species also was found to be monomorphlc for the Idh-I(100) gene in these waters,
indicating a clear dlfferentlatnon between Grecnland populations and populations
from more eastern areas.

In the present report electrophoretic studies of the Sebastes species from Icelandic
and Greenland waters are dealt with. The main aim of the study has been to
lmestlgate the population structure of S. marinus in these waters, or more specifically
to see whether the Icelandic populatlons of this specnes are related to the populatlons
at the Faroe Islands or at Greenland A limited material from the other two species
have been analysed for comparison, and for studies on population structure of S
viviparus in Icelandic waters. . :

MATERIAL AND METHODS

Six samples of S. marmus and five samples of S. vmparus were collected durmg an
Icelandic rescarch survey in March 1991. Samplmg locahtles are shown i Flgure |
S. marinus was sampled around Iceland while S. vmparus was sampled in a restricted
area on the southwest coast. One sample of S. mentella was collected from the
Irminger Sea by the Nomeglan ﬁshmg vessel ’Langvm’

leewxse the samples from Greenland were collected durmg a research cruise in’
December 1991 conducted by the Greenland Fisheries Research Instltute. An
overview of the samples are given in Table 1.

‘Sex, age and total length were recorded as a standard procedure Blood, liver and

muscle samples were collected from the fish on board the research vessel, stored ¢ on
mlcrotest plates and sent ina frozen state to the laboratory in Bergen, where it was
kept in an ultrafreezer until analysed The fish sampled in Greenland waters were

- deep frozen in the field and sent in a frozen state to the Iaboratory in Bergen where

the tlssue samplmg was conducted.

IIaemoglobms were subjected to agar gel electrophoresis at pH of 8.0. Tissue enzymes
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were analysed by starch gel electrophoresns in citric acid/morpholine buffer (AM, pH

6 l) Both methods are d(:SCl'led by Nedreaas and Naevdal (1989)

For routine analysos the gels were stained for the followmg enzymes:

Malate dehydrogenase (MDH), malic enzymes (ME), isocitrate dehydrogenase (IDH),
lactate dehydrogenase (LDH) and phosphoglucose isomerase (PGI). Part of the
material was also stained for esterase (EST). Chose of enzymes are based on earlier
findings (Nedreaas and Nacvdal 1989, 1991). :

Accordance between observed and expected Hardy-Weinberg distributions as well as
intersample homogeneity were tested using standard X2-tests. SRR

o 'RESULTS
IIAEMO_GLOBINS

The haemoglobins in the samples from Iceland showed the same pattern,as described
by Nedreaas and Nzevdal (1989) from the Barents Sea and the Norwegian coast. The
patterns obtained by analyses of haecmoglobins of S. marinus and of S. viviparus are
identical, while S. mentella showed very different and diagnostic pattern compared to
the other two species. ‘The deviating patterns of S. marinus prevnously observed and
described in samples from Greenland (Nedreaas & Naxevdal 1991) were not seen in the
samples from Iceland. However, they were frequent among the material from
Greenland. It was not possible to group all specimens into the five different patterns
described by Nedreaas and Naxevdal (1991), but distribution of "single" and "double"
phenotypes in each sample are shown in Table 2. X* -homogeneity test after grouping
the samples into "east" and "west" groups, gave the l‘ollowmg result:

X2=066 d.f. = 1 h P> 0.05

showing that no significant dlfrerenccs bemeen East and West Greenland S. marmus
could be found in this trait. .

TISSUE ENZYMES
Isocitrate dehydrogenase, IDH

"The overall results of the IDH analyses were in accordance with the inter- and

intraspecific as well as intertissue variation of IDH in Sebastes species described by
Nedreaas and Naevdal (1989). At least two loci are involved. One, called Idh-2,is
monomorphlc (except for a few heterozygotes observed) and well expressed in muscle
tissue. The other one, called Idh-1, is expressed in liver and is polymorphic in S.
marinus and S. viviparus. In S. mentella this locus is monomorphlc, except for a few*
heterozygoles observed. :

The dlstrlbutlons of the Idh 1 genotypes in samples of S. marinus are shown in -

Table 3.In accordance with the previous results (Nedreaas and Naevdal 1989 1991)
three presumed alleles controlling liver Idh-1 components were found. The slowest
moving component is supposed to be controlled by an allele called Idh-1(60), and
likewise Idh-I(120) is controlling the fastest movmg component. Only three Idh-I(120)



copies, as heterozygotes, were observed in the material from Iceland, and only in
sample number two. The frequencies of Idh-1(60) in S. marinus around Iceland vary
from 0.073 to 0.174. For the whole material the frequency is 0.127, which is on the
same level as found among the material from Norwegian water and from the Faroe
Islands. However, corresponding frequencies was zero among the material analysed
earlier from East Greenland and 0.028 in the material analysed from British Sector
northeast of Shetland (Nedreaas and Naevdal 1991). All observed genotype
distributions were in accordance with expected Hardy-Weinbergs distributions.

Contrary to earlier findings, the Idh-1(60) allele was found in most_ot‘ the samples
from Greenland, see Table 3. In addition the allele Idh-1(120) was frequently found.
X2-test on distributions of alleles showed that the variations among Icclandic samples
was not significant (X* = 8.39 , d.f. = 5, P > 0.05. Neither it was possible to find
differences between areas around Iceland by grouping the samples into three groups;
north, southwest and southeast samples (X* = 0.66 , d.f. = 2 , P > 0.05). However, -
such variations were found between the East and West Greenland samples
(X*=17.07, df. = 2, P~ 0.025). Pooled samples from Iceland and Gréenland also .
were highly statistically different (X*= 23.3, d.f. =2, P < 0.01). These differences
were mainly caused by the high frequency of the Idh-1(120) allele occurring in the
samples from Greenland, but also due to different frequencies of the Idh-1(60) allele.

In S. viviparus only two allehc genes in lner IDH were found. The slowest-movmg

component, controlled by the allele Idh-1(50), moved more slowly than the slower.

moving component of S. marinus. The second component moved as the most common
component of S. marinus, and the same designation is given to the controllmg gcne

1dh-1(100). In contrast to S. marinus the slowest-moving component is the more _

common one in S. viviparus. Dlstnbutlons of genotypes are shown in Table 4. The -

gene l'requencles are at the same level as found by Nedreaas and Neaevdal (1989) in

samples from the Northeast Atlantic. Some differences between samples in genotype
distributions and gene frequencies were indicated, but the numbers within samples

were too low for statistical tests. However, heterozygote deficiency according to
Hardy-Weinberg equilibrium were seen in some samples, Table 4, and in the pooled

samples this deficiency was found to be statlstlcally significant (X>=4.8,df. =1, -
P < 0.05). A possible explanatlon of this is that different gene pools of S. viviparus .
exist in these waters, and in some samples as well in the pooled samples Wahlung’s

effects are seen. ~

No variation in IDH patterns was found in the sample of S. mentella. -

Other enzymes

None of the other enzymes studied gave any new results compared to earlier studies
(Nedreaas and Neevdal 1989) except that MDH showed a possible polymorphlc system
in muscle tissue, and this will be further studied by isoelectric focusing and other

techmque. Likewise the patterns of esterase indicated more genetic variation than:
revealed until now, and also this enzyme will be further studied.
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DlSCUSSlON

The results of the present study show that the structures of Sebastes sp. in the North- ‘
Atlantic are more complicated than hitherto recognized. Probable heterogenelty :
among samples and clear indications of Wahlung’s effects in S. viviparus show that
this species in Icelandic waters is not composed of one random mating populatlon

“The sub-units, however, do not scem (o be connected to specific geographxc areas,

because the samples in the present study were collected from’ nearby fishing stations.

. Different sex ratio in the different samples indicate sex-dependent mlgratron, which

possibly could explain the reason why different sub-umts are sampled at close
locations.

'The main emphasnze in the present study, however, was laid on S. mannus The _

present results on haemoglobin are in close accordance with previous result of
Nedreaas and Nzevdal (1991) who found a series of double phenotypes in Greenland ,
waters, which only occasionally (Naevdal 1978) had been found elsewhere. The genetic
basis of these variations has never been revealed, and the quahty of the present
material did not allow for exact typing of the specimens according to the descrlptlons .
of Nedreaas and Naevdal (1991). However, frequencies of phenotypes deviating from
the "normal" pattern could easily be calculated (Table 2). Analyses of fresh

"haemoglobm would be preferable for closer examinations of the deviating
haemoglobm types, and thus the genetic basis could possmly be revealed

Between sample heterogenelty was also evident concerning distribution of IDH
genotypes In Icelandic water no statistically significant variation was found, although

' some samples showed- deviation close to statistical significance. In the prevnous

investigation S. marinus was found to be monomorphic for liver IDH in the .

~ Greenland sample. In the present study, however, the Idh-1(60) allele was found at-
. rather hngh frequencnes in several samples from Greenland; and in addition the

Idh-1(120) allele was relatlvely frequent in some samples The latter allele has only

: occasmnally been seen before (Nedreaas and Naevdal 1991), and a few copxes were
“also found among the present Icelandic samples. Statistically significant variations

were found between samples from East and West Greenland and between the total of

'samples from Iceland and Greenland respectively. The main contributor to these

variations was the frequencies of the Idh-1(120) allele, although the frequencies ol‘

E : Idh-I(60) also varied significantly.

| «The smgle sample of S. mentella analysed here did not deviate from earlier studies on
~ this species (Nedreaas and Naevdal 1989, 1991), and thus it scems to be no reason for

regardmg the oceanic S. mentella in the Irmmger sea as devnatmg from S mentella ;

: recorded elsewhere. '

In conclusnon the present study has mdlcated that the populatlon structure of the

" Sebastes specles in the North-Atlantic is comphcated The clearest barrier is found

bet“een Iceland and Greenland, although the samples collected in various location
within the main areas do not scem to represent extensive random matmg populatlons
Sub-structures are indicated allhough not connected to certain geographlc areas. For

‘ ,l‘urther studnes on such problems, a closer grid of samplmg stations are needed for -

the whole area of the species’ dlstnbutlons In addition to the trait used here



(haemoglobins and IDH) new characteristics are needed. Analyses of Mt-DNA and
nuclear DNA offer possibilities in this direction.
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Table 1. Location and number of specimens collected for electrophoresis.

1= Sebastes marinus (Iceland), 2= S. viviparus (Iceland), 3= S. marinus
(Greenland) and 4= S. mentella (Irmingersea). '

sample station . Depth Number of
no. No. Date N.lat. W.long. (m) specimens
1-1 TH19130 7.03.91 63.23 16.15 339-356 38
1-2 TH19133 7.03.91 63.27 15.47 165-207 84
1-3 TA19119 7.03.91 66.59 18.30 185 96
1-4 TV19137 9.03.91 64.17 24.45 ‘170-178 72
1-5 TV19134 9.03.91 64.10 23.58 258-286 48
1-6 TA19193 21.03.91 67.06 22.50 248-260 41
total 379
2-1 TV19187 14.03.91 63.35 22.36 192-206 33
2-2 TV19198 156.03.91 63.15 21.18 186-202 6
2-3 TV191100 15.03.91 63.09 21.05 301-306 24
2-4 - TV191101 15.03.91 63.08 21.09 ° 419-425 24
2-5 TV191102 15.03.91 63.07 20.54 286-310 20
total 107
" 3-1 PA012003 11.10.91 60.23.7 42.06.1 176-210 77
3-2 PA012004 -~ 11.10.91 60.24.7 42.12.7 172-171 31
3-3 PA012005 11.10.91 60.45.4 41.563.5 210-228 15
3-4 PA013015 24.10.91 61.59.3 50.23.7 289-221 59
3-5 PA013016 24.10.91 61.59.2 50.32.5 366 21
3-6 PA013017 25.10.91 62.02.4 50.22.6 347-295 20
3-7 PA013018 25.10.91 62.05.5 50.40.9 350 2
total 225
4-1 12.12.90 total 146




Table 2. Distribution of hacmoglobin phenotypes in

Sebastes marinus off Greenland. A= one band,

B=two bands.

henotype

sample total no. A 8
no. oS, 085 |9, of B
3-1 35 29 6 017
3-2 9 7 2 022
3-3 6 5 1 0.17
3-4 19 16 3 0.16
3.5 4 1 3075
total 73 58 15  0.21

Table 3.

Sebastes marinus from Icelandic waters

frequencies.

(1-1 to 1-6)

and from off
Greenland (3-1 to 3-6). Observed distribution of isocitrate dehydrogenase (IDH)

phenotype together with expected Hardy-Weinberg distributions and calculated gene

Distribution of phenotypes Gene frequencies
) Saﬂ'\ple’ 90/80 00/80 60/100 60/100 § 1007100 100/100 | 60/120 807120 | 100/120 100/120 ’

no. oBs BP o8s . o8BS o' o BP. o8s B 960 9100 9120
RE| 1 o024 4 553 33 3224 - - . 0.0 0.08 0.92 -
1-2 4 186 17 2083 60 58.33 - - 3 25 0.15 0.83 0.02
1-3 2 -1.63 21 21.75 73 72.63 - - . 0.0 0.13 ~ 0.87 .
1-4 2 217 21 2066 49 4917 - . - 0.0 0.17 0.83 .
1-5 .- .026 7 649 41 4126 - . - 0.0 0.07 0.93 .
1-6- . 039 8 7.22 33 3339 - - . 0.0 0.10  0.90 .

total 9 655 78 8248 289 287.0 - 3 25 013 0.87 _0.004
3-1 1 0.3 7.9 .52 480 4 05 3 61 .0.07 087 006
3-2 - 01 2 16 5 54 - 02 2 1.6. 011 078 0.1
3.3 - et 2 17 11 113 - 61 2 17 0.07 0.87 0.07
3-4 - 07 11 97 .34 347 - 0.0 - 0.0 0.12 0.88 -
3.5 . 0.0 1 0.9 12 121 - 00 1 0.9 0.04 093 0.04
“3.6 - 0.0 - 0.0 17 170 - 00 - 0.0 . 1.00 -
3.7 - 00 - 00 2 20 - 00 - 0.0 . 1.00 )
total 1 09 19 ‘221 133 1293 4 09 8 10.6 _ 0.08 0.88 0.04

Table 4. Sebastes viviparus from Icelandic watefs..

Observed distribution of isocitrate dehydrogenage
(IDH) phenotype together with expected Hardy-Weinberg

distributions and-calculated gene frequencies.

Distribution of phenotypes Gene frequencies
samplo 50/30 50/50 507100 807100 | 100/100 1007100
ro. | s ee o8s oo | s er 959 9400
.24 15 153 15 143 3 3.3 0681 0.318
2-2 4 4.2 2 1.7 - 0.2 0.833 0.167
23 15 158 9 7.3 - 09 0.813 0.188
24 15 107 2 107 7 27 0.667 0.333
25 11 98 & 84 3 1.8 07 0.3
total 60 55.5 34 43.1 13 8.4 0.72 0.28
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Figure 1. Sampling locations of Sebastes spp. for electrophoretic analysis.

*= Sebastes marinus and o=S. vivparus.



