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ABSTRACT

The aim of the present study was to investigate genotype dependent growth rate in young cod.
The material of 0-group cod was collected from pond produced cod in western and northern
Norway, and analysed for genotype distribution of haemoglobins and several tissue enzymes.
The mean growth rate (measured as size at sampling) of the different genotypes were
compared by analyses of variance. Associations between growth rate and haemoglobin type
were found in one sample, and likewise LDH genotype dependent growth rate was indicated
in one sample. The results are discussed in relation to the biological significance of
biochemical genetic variation.



iud
ICES-paper-Thünenstempel


INTRODUCTION

Studies on blood types and blood protems of cod Gadus morhua were conducted in Norway

in the years 1962 - 1972 (Frydenberg et al. 1965, Mpgller 1968 and unpublxshed) for
appllcatlons on 1dentll‘ cation of self-sustalmng populatxons of this species. Since 1978
likewise tissue enzymes have been studied by starch gel electrophoresrs (Jorstad 1984 and
unpubhshed Jarstad & Nzvdal 1989, G_msa:ter et al. 1991). The more recent studies have

been conducted as baselme studres in connectwn w1th amﬁctal propaganon and sea ranchmg _

of cod.

A

Karpov & Nov1kov (1980) found that the funcuonal propemes of the haemoglobm genotypes

of cod were differentially influenced by envxronmental temperature Likewise Mork;
Gtskepdegard & Sundnes (1984, a,b) found that the three haemoglobm genotypes possessed |

different growth rate capacrtres and Mork & Sundnes (1985) found different survival of
drfferent Ldh-3 and Pgi-1 genotypes of wild captured 0-group cod which weére kept in

k capttvxty J¢rstad (1986) found no genotype dependent growth rate in an extensive sampling

programme of cod produced in a marine pond, while Gjgszter et al. (1992) found indication,

although not consistently, of genotype depcndent growth rate in O-group cod from the

southeast coast of Norway

" The aim of the present study was 1o 1nvest1gate potenual genotype dependent growth rate in
" 0-group cod raised in semi-natural ponds for use in sea ranching. The results will be of value

for understanding the significance of biochemical genetic variation and for the apphcatron of
gene frequencxes or/and genotype dxstnbutlons in studxes of populatmns structure in this and
other fish specres . . .

MATERlAL AND METHODS

Samplmg of blood and tissue have been descnbed by Moller (1968) and Jgrstad (1984). For
analysis of hacmoglobin, the method described by Sick (1965) was applied with modifications
(Jgrstad 1984) Starch gel electrophoresxs was used for analysis of tissue enzymes. After an
initial screening of a large number of enzymes (o 1dent1fy polymorphic loci, the followmg
were chosen for routine analyses, lactate’ dehydrogenase (LDH-3), phosphogluco—mutase

.(PGM), glucose-6-phosphate dehydrogenase (GPD), phosphoglucose isomerase (PGI-1), and
- isocitrate dehydrogenase (IDH- 2) For the present analysts the genettc systems w1th a

'were chosen i.c. haemoglobm LDH and PGI

‘An overview of the samples is gnven in Table 1. All samples were collected m the autumn_ .
when the fish were 4-6 months old and chose to the time of release of the ﬁsh into the natural -

environment. Samples 1-3 were collected from cod produced ina pond near Tromsg whrle
the rest of the samples were drawn from cod produced in the pond Parisvannet, located on
an island west of Bergen. In 1990 and 1991 two groups of fish were produced in the pond

. one offspnng of non-selected broodfish, and one offsprmg of genetically tagged broodﬁsh

The productron of broodfish homozygotous for the rare allele Pgi-1(30/30) is described by

Skaala et al. (1990) and Svasand et al. (1990) Ol'fspnng of the genetwally tagged broodﬁsh g '

(called 6a and 7a) are treated as two groups

>



lndtvrdual length were recorded for all fish sampled. Length at time of sampling is regarded
as a measurement of realized growth rate from hatchmg to samplmg Mean lengths within
frequent genotypes were compared by one-way and two-ways ANOVA statistics.

RESULTS AND DlSCUSSlON .

¢

‘ ' Gene frequencres calculated from observed genotype drstnbutrons are shown in Table 1.
‘ Consrderable variations between samples were found. Frequencics of the gene Hb-I(1) in the

range 0.25 -0.40 for coastal cod in northern Norway and in the range 0.50 -0.60 in western
Norway are in accordance with eatlier findings (Frydenberg et al. 1965, Mgiler 1968, Jorstad
and Nevdal 1989), while the frequencies of the more common LDH and PGI genes were
found to be very "high in some of the present samples compared to carlier findings (Jgrstad
1984, Jﬂrstad and Navdal 1989). Likewise rare genes scemed to be absent or extremely rare
in some samples. As expected in the samples 6a and 7a only the PGI gene Pgi-3(30) is
represented while the other genetic systems are unaffected. However, it is not at all sure that
the gene frequencres in pond produced fish are representative for the populations from which
the broodfish were drawn, because these fnequencres probably are influenced by genetic dnft.
Although the numbers of spawntng cod in the spawmng pond are high (Svisand et al. 1990),
the actual numbers participating in the spawnmg the few days the eggs were collected, are

unknown and probably low. Thus genetic drift is likely to take place, and too much weight
) should not be put on the variation between samples : : ‘

'Mean | lengths of ﬁsh of drfferent genotypes within samples are shown in Tables 2-4. These
~ values were tested by one- way ANOVA within samples, and by two- -ways ANOVA for all

or groups of samples Concerning haemoglobins significant differences were found in sample
No. 4; fish of genotype Hb-1(2/2) showmg the highest mean length. Thrs isin accordance ‘with
the results of Mork et al. (1984 a,b), and Nzvdal et al. (1992) found highest mean lengths
of Hb-1(2/2) regardless of environmental temperature under expenmental conditions. No trend
or tendencies were seen among the non-significant differences, and two-ways ANOVA gave
no indication of srgmﬁcant interactions between genotype and sample concemning. mean
lengths

.Likewise only one sample (sample 6) showed srgmf' cant drfferences in mean length

concemmg LDH genotype No sign of 1nteracuons were found and no trend among the non-
srgmﬁcant drfferences exeept that the geneucally tagged cod (sz-3(30/30) were on average
smaller in 1990 and larger in 1991 than the rest of the fish raiscd in the same pond. This,

' however, are due to dtfferences in age at start of the pond expenment and not assocrated wrth
_ genotype (Blom ‘et al. 1990). ‘

.Thus the present. study have shown indication of genotype dependent growth rate in only two

cases of totally 27 compansons However, the results are not consistent, and the differences
are showing up only in a few samples This is in accordarnce with earlier ﬁndmgs (dosa:ter
et al. 1992) and the btologtcal srgmﬁcance of biochemical genetic variation rn fish sull seems

'obscure .
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Table 1. Allele frequencies in samples of 0-group cod produced in marine ponds . for stocking

purposes. 6a and 7a represent samples of genetically tagged cod i.e. offspring of boodstock
homozygotous for the gene Pgi-1(30). :

Sample no.| Locality Year Numbers Hb-TI Ldh-3 . Pgi-1

. 1 2 | 70 100 150 30 707 100 150
1 TROMSO 1987 140 .31 .69 .39 .60 .01 .02 .01 .63 .34
2 TROMS® 1988 191 .28 .76 .41 .s6 .03 .03 - .63 .34
3 TROMS® 1989 172 .24 .76 .36 .61 .03 .02 - .61 .38
4 PARISVANNET 1988 286 .58 .42 .38 .62 - .01 .02 .76 .21
5 PARISVANNET 1989 252 .47 .53 .26 .74 - .01 .02 .83 .13
6a PARISVANNET 1990 145 .57 .43 .25 .74 - 1.00 - - -
6b PARISVANNET 1990 160 .62 .38 .32 .68 - .13 .01 .71 .16
7a PARISVANNET 1991 243 .58 42 .32 .68 - 1.00 - - -
7b PARISVANNET 1991 162 .55 .45 .43 .57 - .02 ° - .70 .28

Table 2. Mean lengths (in mm) of cod of different haemoglobin types. :
s: standard error, n: numbers One sample showing significant genotype dependent
length variation is underlined, ‘ ’

Sample no.  Hb-I(1/1) Hb-I(1/2) . Hb-I(2/2)
T s n T s n 1 s n
1 150.9 3.6 14 147.2 1.6 55 145.1 1.9 64
2 13}.7 8.7 9 146.3 3.0 72 147.5 2.4 106
3 143.3 5.4 12 147.5 2.3 57 148.2 1.7 97
4 143.2 1.5 94 142.4 1.3 139 150.8 2.3 48
S 162.5 2.8 54 164.2 1.5 127 161.6 2.3 70
6 156.3 2.2 107 156.6 2.1 135 157.5 3.0 53
7 102.8 3.0 110 102.9 1.7 167 100.6 2.6 66




Table 3. Mean lengths {(in mm) of cod of different LDH genotypes. s: standard error, n: numbers
One sample showing significant genotype dependent length variation is underlined

Sample no. Ldh-3(70/70) Ldh-3(70/100) Ldh-3(100/100)

1 s n T s n 1 s n
1 142.1 3.6 19 ) 146.8 1.5 76 146.7 2.1 48
2 141.4 4.5 33 149.1 3.0 82  146.0 3.1 63
3 147.4 4.1 23 147.6 1.7 77 147.7 2.4 62
4 144.0 2.2 46 142.1 1.3 132 145.9 1.7 107
5 168.5 4.4 23 162.6 1.9 89  162.7 1.6 140
6 172.8 4.6 27 156.8 2.2 120 156.7 1.8 156
7 99.8 3.4 53 101.1 1.6 188 96.0 1.6 165

Table 4. Mean lengths (in mm) of cod of different PGI-genotypes.
S: standard error, n: numbers

Sample no.| Pgi-1(30/30) ‘ Pgi-1(100/100) Pgi-1(100/100} Pgi-1(150/150)
1 s n 1 s n 1 s n 1 s n
1 - o 146.6 .1.9 53 145.0 1.8 73 ©149.8 2.7 11
2 - . . 144.5 2.7 77 149.1 3.2 77 141.5 5.3 23
3 - 147.4 2.3 61 147.7 1.8 82 144.1 3.8 23
4 - 143.0 1.2 161 144.6 1.7» 96 140.8 7.4 9
5 - 162.5 1.2 17s 165.6 2.8 53 151.4 4.4 5

6a 155.9 1.8 146 - -

6b - 163.6 2.7 83 158.3 4.3 36 122.0 4.0 2
7a 102.8 1.5 243 - - -

b . - 98.3 2.5 76 88.4 2.1 71 . 93.4 3.2 9




