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I N T R O D U C T I O N  

Polymorpl~isms in the enzymes lactate dehydrogenase (LDH) and 
aspartate aminotransferase (AAT) of herring, Clupea Fa~engus, were 
described by ODENSE, ALLAN and LEUNG (1 966a, b). In  LDH five different 
phenotypes were found. The LDH molecule consists of two kinds of 
monomers designated A and B under control by separate loci. The five 
different phenotypes represent two mutant alleles at the B locus and one 
at  the A locus. In  AAT two rare mutant alleles were observed. 

Intraspecific variation both in weak and in strong components of 
serum esterase have been described, and the two groups of components 
were assumed to be controlled by genes at separate loci ( N ~ V D A L  1969). 

The present paper deals with electrophoretic analyses of LDH and 
esterase phenotypes in herring samples from Norwegian waters, especially 
variation among samples from different localities. Analyses of AAT 
based on a limited material is reported. 

MATERIAL AND M E T H O D S  

Sampling localities are shown in Fig. 1 and listed in Table 1 together 
with sampling dates, numbers of specimens in each sample and other 
available data. Fig. 1 also shows sampling localities of the samples 
(no. 1 -10) previously analysed for serum esterase (NBVDAL 1969). 
The results of these analyses are included in the followi~~g discussion. 

LDH types were determined from analyses of sera in samples num- 
bered 10-15 and 20, and from muscle extract in the other samples. 
Sample 19 was analysed for AAT types from muscle extract. Analyses of 
esterase were performed on all samples of which sera were a.vailable. 

Combined starch and agar gel electrophoresis (MOLLER 1966) for 
three hours was carried out to reveal the LDH types and for two hours to 
reveal the AAT types. The zones of enzyme activity were stained as 



Fig. I .  Sampling localities of blood samplrs of herring from the Norwegian coast and 
the hTorth Sea. 



Table 1. Distributioii of LDI-I phenotypes i11 samples of herring froin the Norwegian coast and the North Sea. 

60G31'N, 00°05'E 
Nortli Sea, 19-20 June 68 
Eid, Nordfjord, 1 July 68 
57" 10'N, 07'40'E, 
North Sea, 2 Aug. 68 
Bastøy, Oslofjorden, 
30 Aug. 68 
Nøtrerq,  Oslofjorden, 
30 h g .  68 
Langijorden, Romsdal, 
2 1 Sept. 68 
Langfjorden, Romsdal, 
21 Sept. 68 
Langfjorden, Romsdal, 
2 1 Sept. 68 
64"25'N, 08"25'E, off 
Trøndelag, 20 Feb. 69 
64"02'N, 08"25'E, off 
Trendelag, 26 Feb. 69 
60G40'N, 02"30rE, 
North Sea, 24 March 69 
La~gcsundsfjorclen near 
Poi-sgrui~ii, 26 March 69 
Alfoten, Nordfjord, 

Adult autumn 
spawrlers 
l-group 
Immature autumn 
spawners 
Immatui-e, about 
20 cm 
0-group 

LDI-I phenotypes Gene frequency 
AAUB t\AB13' AAB'B' XABB AA'BB B' B" A' 

Immature, 13-16 cm 

I 

IndicaLions of sanlple Samplc 
no. 

Immature, 16 c111 l 

Locality and date of 
sampling 

Norwcgian spring 
spawners 
Norwcgian spring 
spawriers 
Mainly auturiin 
spawncrs 
Xdult spring 



Fig. 2. Photograph of herring lactate 
dehydrogenase activity after combi- 
ned starch and agar gel electropho- 
resis at pH 9.0 for three hours. From 
left to right the types are BB', BB, BB, 
B'B', BB, BB, and BB'. 

described by ODENSE et al. (1966a, b). Analyses of esterase were carried 
out as described previously (NZVDAL 1969). 

R E S U L T S  AND D I S C U S S I O N  

Patterns similar to the LDH phenotypes described by ODENSE et al. 
(1966a, b) were found in the present material (Fig. Z), and they were 
interpreted to represent the same genotypes. The observed LDH pheno- 
types were named AABB, AABB', AAB'B', AABB" and AA'BB by 
ODENSE et al. (1966a, b), wherc B' and B" represent mutant alleles at the 
B locus and A' represent a mutant allele at  the A locus. The LDH 
components were well separated by the present method and the pheno- 
types usually easily recognized. The distributions of the phenotypes are 
given in Table 1. 

Muscle extract showed stronger LDH activity than sera, and all 
specimens could be determined for LDH phenotypes from muscle extract. 
When sera were analysed a few specimens of some samples could not be 
determined due to the weakness of the zones, and thus the numbers of 
specimens determined for LDH types were lower than the numbers 
determined for esterase types in some samples. When stored frozen tlie 
LDH activity of sera was reduced considerably after a few weeks while it 
persisted for at least half a year in muscle. 

Of the 100 specimens analysed for AAT types two showed a three band 
pattern whicli was interpreted as the phenotype SS' of ODENSE et al. (1966 
a, b) while all the others showed a one band pattern, probably the one 
named SS (Fig. 3). 



Table 2. Observed distributions of esterase phenotypes in herring, 
compared with expected distribution according to the Hardy-Weinberg law. 

Sample 
no. 

11 obs. 
exp. 

12 obs. 
exp. 

13 obs. 
exp. 

14 obs. 
exp. 

15 obs. 
exp. 

16 obs. 
exp. 

170bs. 
exp. 

18 obs. 
exp. 

20 obs. 
exp. 

23 obs. 
exp. 

Types of weak esterase zones 1 Types of strong esterase zones 

Esrn1ml 1 Es m,m, 1 Es m,m, I No. 1 q, I Es FF ( Es FM I ES MM I Es MS / Es MS, I No. 1 qr 1 4% 1 q~ 

87 8 - 95 0.96 - 6 90 - - 96 0.03 - - 

87.6 7.3 0.2 0.1 5.6 90.3 - - 
67 12 1 80 0.91 1 16 83 - - 100 0.09 - - 

66.2 13.1 0.6 0.8 16.4 82.8 - - 
81 10 3 94 0.91 3 103 - - 106 0.01 - - 

77.8 15.4 0.8 0.01 2.9 103.1 - - 

106 14 1 121 0.93 - 1 123 - - 124 0.004 - - 

104.7 15.8 0.6 0.0 1.0 123.0 - - 
68 2 1 71 0.96 - 1 79 - 80 0.01 - - 

65.4 5.5 0.1 0.01 1.6 78.4 - - 
40 2 1 3 64 0.79 5 16 72 - - 93 0.14 - - 

39.9 21.2 2.8 1.8 22.4 68.8 - - 
51 3 1 5 87 0.76 4 11 87 2 - 104 0.09 0.01 - 

50.3 31.7 4.9 0.8 16.8 84.2 1.9 - 

69 16 6 91 0.85 - 11 89 - - 100 0.06 - - 
65.7 23.2 2.0 0.4 11.3 88.3 - - 

183 88 9 280 0.81 1 15 2 76 3 1 296 0.03 0.01 0.002 

183.7 86.2 10.1 0.3 17.0 274.5 2.8 1.1 
139 16 3 158 0.93 1 3 152 3 - 159 0.02 0.01 - 

136.7 20.6 0.8 0.04 5.0 150.8 3.1 - - 



Fig. 3. Photograph of herring aspartate aminotra~lsferase 
activity after combined starch and agar gel electropho- 
resis at pH 9.0 for two hours. From left to right the types 
are SS, SS, and SS'. 

Comparing tlie results of the present study 
with correspoi~ding results from the West Atlantic 
(ODENSE et al. 1966a, b) ,  the B' gene seems to be 
somewhat more frequent on the European side 
while the S' gene seems to occur at about the same 
frequency on botli sides of the Atlantic as far as 
can be stated from tlie present material. The 
LDH genes B" and A' were found only in two and 
one specimens respectively, and tlie AAT gene St' 
were not found at  all in the samples from Nor- 
wegian waters. They were also very rare in tlie 
samples from the West Atlantic. 

Distributiolis of esterase phenotypes are shown 
in Table 2. Relatively good accordance between 
observed distributions and expected Hardy-Wein- 

berg distributions wcre found, but in some samples tiiere was a n  
excess of hypothetical homozygotes. This may be caused by mixing of 
individuals from populatioiis wllicl~ differ in frequencies of tlie esterase 
controlling genes. The hypothesis of genetical control ( N ~ V D A L  1969) 
still seems to be valid, but modifications or other explanations cannot be 
excluded. 

Several bands in tlie region oi tlie Es nil and Es m, components were 
indicated on some electrophoretograms, but they showed only sinall 
differences in electrophoretic mobility, and separation into niore pheno- 
types is hardly possilsle by the prcsent method. Distiiictioii between the 
m, and m, phenotypes only is therefore a si~nplification which may reduce 
the reliability of tlic type determinations. In  addition the weakness of the 
components may cause errors. However, differences of tlie order observed 
among some of the present samples (see below) cannot be explained as a 
result of incorrect type cletermiiiations alone. Due to tlie weakness of the 
zones the numbers of specimens determined for m,m, types wcre often 
lower than the numbers determined for types of strong esterase compo- 
nents and LDH. 

Tables 1 and 2 show that variations iii frequency distributions of 
phenotypes among samples occurred in both groups of esterase and in 



LDH. The significance oi these variations have been tested by xZ- 
honiogeneity tests. The results of the previous ailalyses (NBVDAL 1969) 
of saniples numbered one to ten are included in the tests. 

Among the total samples the variations were significant at the one 
per cent level in both groups of esterase while the variatioils in distribu- 
tions of LDH phenotypes were insignificant. 

When treating the samples of North Sea autumn spawners separately, 
the differences in distributions of the types of weak esterase zones were 
found to be significant while the variations in distrib~ltions of types of 
strong esterase components and LDH types were insignificant. This 
variation was largely contributed to lsy sample 7 which were collectecl 
at  B l ~ d e n  Ground and probably represent tlie Down herring stock while 
the other samples more likely represent either the Bank herriilg or 
Kattegat autumn spawners (HARALDSVIK 1969). Sample 10, collected in 
Icattegat, deviated from the North Sea samples with regard to distribu- 
tions of types of strong esterase zones (low nuinlsers of specimens prevented 
statistical tests), but iiot i11 types of weak esterase components. 

All specimens in sample 5 of North Sea spring spawners were of tlie 
Es m,m, phenotype, and the sample contained oilc specimen with the 
rare Es S, componeiit. However, the small izumlsers of specimens in tliis 
sample prevented further concl~~sions. Ui~fortunately, analyses of LDH 
phenotypes were not unclertaken on the first ten samples. 

When treating the samples collectecl from inshore waters separately, 
the variation amoilg saniples was foulid to be significant at  the one 
per cent level in distributions of types of both groups of esterasc, ancl at  the 
5 per cent level in distributioil of LDH phenotypes. Some samples 
coincided with the North Sea sainples (for instalice no. 14 and 15 from tlie 
Oslo fjord) or with samples from Norwegian spring spawners (for instance 
no. 18) wliile others showed frcqueiicy clistributions iiot found in samples 
from offshore waters. No markecl geographical treilcl could be seen in 
the variations. The results indicate that the herring in Norwegiail 
inshore waters may be recruited both by immigration from offshore 
waters (by drift of larvae or by active immigration) 01- from local spawn- 
ing, and that herring in these areas, especially the sinall herring, may 
represent different groups in different years and areas. However, for a 
conlplete account of thc herring stocks in inshore waters ailcl tlie origin 
of the youi~g herring whicli occur in the fjords, the present material is too 
limited. 

I t  may be concluclecl that the present study on herring enzymes has 
shown that among groups of herrilig in Norwegian waters and in the 
North Sea significant variations exist in characteristics whicli probably 
are genetically controlled and not affected by ellvironmcntal factors. 



S U M M A R Y  

1. By use of combined starch and agar gel electrophoresis 10 samples 
(1258 specimens) were studied for serum esterase polymorphism, 13 
samples (1454 specimens) for lactate dehydrogenase (LDH) poly- 
morphism~ and one sample (100 specimens) for asparate aminotrans- 
ferrase (AAT) polymorphism. 

The samples were collected in Norwegian waters and tlie North 
Sea. 

2. I n  two groups of esterase (weak and strong components) ancl in LDH 
and AAT intraspecific, hereditable variations were observed. 

3. Frequencies of LDH and AAT phenotypes were found to be similar 
to corresponding frequencies observed in samples from Canadian 
waters. 

4. Statistically significant variations among samples were observed in 
distributions of tlie phenotypes, especially the esterase plienotypes. 
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