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Inrroduction 

During the last few years it has be\.,n SEovm that in fish hemoglobins 

there excist intraspecific variations of at least two types, namely 

ontogenetic as in salmon (Kock, ~vans, and nergstr0ill 1964, Vanstone, 

lioberts, and Tsuyuki 1964) and herring (;ihlkins and lIes 1966), and 

genetically controlled polymorphism as first found in whiting and 

cod (Sick 1961). In sprat (Wilkins and lIeS 1966, 1c.evdal 1966) and 

some other.' clupeoid fishes (Siillpson and Simon Schlothfeldt 1967) 
intras,98cific hemoglouin variations have been described, but these 

variations were neither found to be assosiated with age or length, 

nor has the genetic basis of the variations been worked out completely. 

The present work is part of a Bearch progrElli"1 to fird polY;ilorphic chara­

cteristics for use in segregation studies of fish populations. Most 

interest have been paid to gadoid fishes of cOillffiercial valu~, but 

bloods of species of minor econoJuical importance have also been 

analysed for comparison. 

liiaterial and methods 

blood sam.ples have been obtained by cardiac puncture. Heparin or 

citrate was used as anticoagulant .. The blood specimens W2re stored 

cold, (0-4 0 C) and analyses were carried out within a few days from 

the timG of SuHlP1 in.:r •. 

Agar-gel electrophoresis, descriued .by Sick (1961) W3S applied. Each 

run lasted for 60 minutes with about 50 volts between ends of gel. 



- 2 -

Part of the material was also 2.nalysed by combined starch-/agur-gel 

electro}lho.res:Ls- (uller 1966) with 65 volts between ends of gel for 

90 Llinutes? to control t.lle results obtained by the other method. 

Blood sawples were collected from gadoid fishes from localities on the 

l~Orllvegian coast d.nd the l~ortn Sea. Species, localities, de,te of sQ.illpling 

and nUillbers of sad.lples are listed in 1'able 1 where the results also 

are presented. 

Results and discussion 

The hemoglobidcohlponents of all the species concerned here, moved 

towards the c2.thode in C1.gar gel at pH 7.). l!lig. I shows the rele.tive 

mobili ties of of the heL:lOglobin components, and the hemoglobin pattern 

found for each species. E'or comparison the cod l1emoglobin type Hb 1-1-2 

is shown. 

In all species one or two strong and at least two weak or ~oderately 

strong compon~nts were observed. The electrophoretic mobility of the 

strong components did not differ very Quch from the mobility of the strong 

hemoglobin cOillponents of cod. The highest ca.thodic mobility of strong 

cOclponents was found in coalfish, and the lowest in blue ling. The 

mobiJitie~of the strong components of the other species were found 

wi thin this ::vange. 

Intraspecific vuriation occurred in most species. In the following the 

SE';JJle designations s.rE:; used for corresponding patterns (phenotypes) of 

differnnt species, although the Llobilities of the components were not 

identical (see ffig. I). 

In ling, blue ling c-3.nd tusk hemoglobin patterns wit1)td ther one or both 

of two strong heilloglobin COJilpOnents were found. These patterns were 

similar to the hemoglobin p8.tterns of whiting and cod (l::iick 1961), and a 

si.G.lilar nomenclature Wi:iS chosen. :I'hus the cOlilponents W03rG named Ho 1-1 

and .tiu 1-2 in order of decreaSing cathodic lfiol.)ility, and the he1l10g10bin 

types were cal.l l3d tic 1-1? Hu 1-2 and niJ 1-1-2, according to which of 

thE:; components ttley possessed. 

Bo evidence of ontogenetic variation in tne heilloglobin of these species 

was found. The varlations. may be ~xplained, however, by assuming that 

two allE:;loulOrphic genes, nb,liled HoI 1 and HbI2 , control the synthesis of 

the components ub 1-1 and lib 1-2 respecitvely. This corresponds to 

tI1e genetical control of whiting and cod heiiloglobin types (Sick 1961). 

The accordance oeteeen observed distributions of he~oglo~in types 

(phenotypes) and calculated .tiardY-~0inDerg distriuution of genotypes, 

Table I, greatly supports this hypothesis. 
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Two strong heilloglobin components, named Hb 1-1 and Hb 1-2, also 

occured in haddock, coalfish, pollack and blue Whiting, but only 

one of the single-banded phenotypes was found in each species. 

Howeyer, it follows from the distribution and the calculated gene 

frequencies, Table I, that one of the hypothetical genes is too 

rare to be expected in a homozygotous state in the present material. 

Therefore a corresponding mode of irt...heritance of hemoglobin types 

may exist also in these species. 

In coalfish vc,riations were very r8.1'e as only one specimen out of 

288 differed froill the normal hemoglobin pattern of this species. 

In ~orway pout and hake no individual variation in the strong h~mo­

glooin cOlIlponents were found. 

In all species the strong cOdponents were acco""lpanied on tneir cathodic 

side by weeker C01l1jJonEmts nallled Hb 1-1 and Hb 1-2. Sick (1961) found 

that corresponding components in whiting and cod increased in strength 

upon storing and this was evidently also the case in tue species 

concerned here. 

In ling and blue ling other weak components of still higher cathodic 

mObility were pr-asent (see Fig. i). Also these components varied 

alllong specidens, but they often h&ve a r,:ither diffuse appearilnce, and 

therefore further studies have not been undertaKen. In hake a illoderat­

ely strong component with about twice feS great cathodic J!lobili ty as 

the m.ajor hellloglooin co;:nponent was present in some of the specilflens. 

COLlponents siuilar to the Hb 11 components of whiting and cod were 

found present in he.ddock, coalfish, pollhck, Norway pout and hake 

at positions between the point of ap~licdtion and and the major 
COiJ.p;t'$.Dents 

cOLlponents. The relative .>.Jlobili ties of th2se· I differed among 

species, and also intraspeclfic variations were indice.ted, although 

not clear enough for classification of SpccLl,=,ns into well dGfined 

groups. ~xcept for so~,}e very faint b"'J.nds, no co''}pon8nts comparable 

to fib 11 cOLlponents could be detecetd in ling, blue ling and tusk. 

The intraspecific v2riations described here could also be found by 

combined starch-/agar gel electrophoresis at pH 9.0 (anodal wovement1 

This confirills that the variations are re8,l molecular differences and 
not methodical artifacts. 

Although the material was limited, the present obserVations clearly 

showed t~at intraspecific variations, probably genetically controlled, 
are present in several gadoid species. 
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Heruoglobin of haddock, coalfish, Norway pout, blue whitng,hake, ling, 

blue ling and tusk were studied oy agar gel electrophoI_(3?_~S Joth 
inter- and itntraspecific v2,riations in hellloglotin patterns occured. 
Intraspecific variations were found to be present in haddock, coal­

fish (only one specimen differed frOlll the llnordal" pattern), pollack, 

blue whiting, ling, olue ling and tusk. A hypothesiS of genetical 

control involving two allelomorphic genes is proposed to explain 

the variations within each species. The popUlation data coincided 

with this hypoth2sis. No indication of ontogenetic variation in 

hemoglobin patterns have 02en found. 
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Table I. Observed distributions of heLQoglobin types in salfiples of 

gadoid fishes compared to expected Hardy-Weinberg distribution. 

, 

opecies, localities and 
i.... . 

types 1 tiei.i.lOglo bin 
dates of s8..illpli ng,. I·" I 1: .' I 1 21' P. I 2 No~ q1 :tlO - ,fiD - - fiD ~ 

I . ! . I : j ; 
1 ! I 

Haddock, Gadus aeglefinus t t ! 

i I 
I 

1 hjelills0Y, Finmark ObS! I 1 115 116 I 

28. v. 65 
1 

I 

I i 
llialanger, Trolils0 obs! I 1 97 98 
28. x. 65 i i 

I I I 
i I I 

I 110tal, l\iorterh Norway obs! I 2 I 212 214 0.004 
i I 

1 i i I , I lViyking, Hords..land obs! I 5 I 80 85 0.03 
April 67 I 

! I 

exp! 0.1 4.9 I 80.0 85.0 1 
I 

! 
~ 
I 

Coalfish, G. virens 
J 
I 
1 

Bordaland I 

I 16~ XII. 65 obs; 114 114 
I 

1 1 
Veidholhlen, J)JordJil0re obsl 1 I 33 34 
17. XII. 65 I j 

1 i 
! 

1140 .h.0stbanken, £ofoten I 140 obsl i 
8-9. 111. 65 J I I 

I I I 
i J I 

Tot-l obs 
1 

I 
1287 1 288 0.002 
I 

I I 
Pollac.k, G. poll&chius ! I I j 

I ! iviyking, Hord&land obs 76 I 5 I - 81 0.97 I ! April 67 
1 

I 
1 
I 

76.21 4.7 
i exp iO.01 81.0 

I I 

I 
I blue whiting, G. J:2outassou I 

TennholJilen, .Nordland obs I I 10 ·1 10 
6. x. 67 I j I 

I I I 
25 n.lil. .i)JVv marsteinen obs I I 50 I 50 

I 
I I 24. V. 67 I I 

I t 

! 
! 

! 
I 
I I 

50 Utsira I I 

n.Ll. W I I 

I ! 19. VIII. 67 oos i ! I 87 87 I 
I I I I I 

30 i:i. Kristiansand I 1 

I 
n.ill. ! 

21-22. VIII. 67 obs i 4 i 70 74 i 

I 
i 

1 i 
Vi Ono., lV10re 00S I 91 

I 
! 91 

6. IX. 67 I 

I ,,,-
I I 

Total obs i 4 1308 312 0.006 
I 
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Species, 10caliti8s, 
dates of sampling. 

and 

Norway pout, G. eSillarki 

W Ona, lVI0 re 
6. IX. 67 

Bake, Merlucius merlucius 

25 n.lil. l"<W Mars teinen 
24. v. 67 

8. IX. 67 

Ling, ... 01 va 11101 va 

Tenn holmen, ~ordl&nd 
6. ·X. 66 

IvWking, rlordaland 
April 67 

25 n.m. ~w ~arsteinen 
24. V. 67 

.Jr-.;sB2.y Ground 
2.-9 IX.; 67 

-;jfotal 

Blue ling, lvI. oyrkelang 

25 n.u. NW.~Marstcinen 
24. V. 67 

Bressay Ground 
8. IX. 67 

Tusk, vros~ius brosme 

25.n.ill. l\JvV IVlarsteinen 
24. V. 67 

W Ona, IVI0re 
6. IX. 67 

nrGssy cTround 
8.-9. IX. 67 

~'otal 

OiJs\ 

I , , 
I 

obsj 

I 
obs! 

I 
I 
f 

obsj 

I 
Obs! 

I 
! 

I 
ousl 

I 
oust 

! 

Bemoglobin types 

1-1 Hb 
i 

I-1-2!Hb 
i 

1 
1 , 

; 
t 

nd varititioh 
! 

nd variatiojn 

nd variation 

3 

5 

1 7 

4 

9 

3 

'3 

1-2 No. 

50 

15 

37 

7 

14 

j 

17 
I----------------~--------~----·--~ 
j 

obsl 
I 

exp! 

I 
obsl 

! 
t 

exp! 
I 

1 15 

1.8: 13.6 

I 
i 

1 ;12 

1.0 112.3 

25 

25.6 

I 

138 I , 
:37.7 ! 

I 
! 

41 

41.0 

51 

51.0 I 
! 
I 

0.21 

0.14 

obsl 
exp! 

t 

I 

2 :24 
i 

j , 
;89 j 0.12 

I 

! 115 
i 

1. 7 i 24 3 i 89.1 
I 

i 
! 
j 
! 

obs 5 9 4 

115. 1 
i ""1 

18 

I 
; 

1 

! 

I 
I 

OOS 1 4 2 7 i 
I i 
! I 

b 1 6 119 8 33 I o· sI ! I 
-------i~, --------~---------+--------l 

o b s 1 2 132 14 58! \.). 48 
1 I 

1j.4 ~8.9 15.7 58.0 I 
i 

exp. 

I 



F
ig

. 
l:8

 

~
 

~
 

_
.-

-
--
~
 
~
~
 
~
 
~
'
l
!
N
 
~
~
 

~
 
~
 

~
 

-
-
' 

~
~
 
~
 

t:
::

::
::

::
::

l 
c:

..
-=

.t
 

t:
::

.:
::

:=
J 

C
::

:_
::

J
 

r::.
::..

::::
:.::

.::J
 

r.:
:..

_:
::J

 
t::

:..
"::

:::
::"

.J 
c=

.:
::

::
::

I 

.....
. ~
 

_.
-
-
'-

--
_

 ..........
... 
~
~
 

-
-
-

-
-
-
. 

C
O

O
 

H
A

D
D

O
C

t(
 

C
O

A
 l

 F
 I

S
H

 
P

O
L

lA
C

K
 

B
L

U
E

 W
H

IT
IN

G
 

N
O

R
W

A
Y

 

H
b

H
-2

 
H

b
H

-2
 

H
bI

··2
 

H
b
I
~
H
~
 

H
b

l+
2

 
H

b
H

 
H

b
I+

2
 

H
b

H
-2

 
H

b
I-

2
 

PO
U

T
 

-
--

--
~
 

1i'
tz?

..lZ
Z;

I 
~
~
-
-

-
~
 

~
~
~
 

~
 

~
~
 

~
 
~
 

~
~
 

c:
::

::
::

::
J 

. .
.
;
l
I
>

-
-
-

-
-
~
 

_
.-

-"
 

+
 H

A
K

E
 

U
N

 C
l 

B
L

U
E

 
L

IN
G

 
T

U
S

K
 

H
b

H
 

H
b

H
-2

 
H

bi
-2

 
H

b
H

 
H

b
I+

2
 

H
b

I-
2

 
H

b
H

 
H

b
!+

2
 

l1
br

~2
 
. 

H
e
m

o
g

.l
o

b
in

 
p

a
tt

e
r
n

s
 

o
f 

so
m

e
 

g
a
d

o
:t

d
 
f
is

h
e
s
 

o
b

ta
in

e
d

 
b

y
 

a
g

'a
r 

g
e
l 

e
le

c
tr

o
p

h
o

r
e
s
is

 
a
t 

pH
 

7
.2

. 

L
e
g

e
n

d
: 

F
'i

ll
e
d

 
in

 
b

a
rs

: 
S

tr
o

n
g

 
b

a
n

d
s
. 

O
p

en
 
b

a
rs

: 
R

b
 

II
-c

o
m

p
o

n
e
n

ts
 

(m
o

d
e
ra

te
ly

 
s
tr

o
n

g
 
b

a
n

d
s
).

 

C
ro

s
s
 

h
a
tc

h
e
d

 
b

a
rs

: 
O

th
e
r 

m
o

d
e
ra

te
ly

 
s
tr

o
n

g
 
b

a
n

d
s
. 

S
in

g
le

 
lj

.n
e
s
: 

1
{

ea
k

 
b

a
n

d
s
. 

A
rr

o
w

S
 i

n
d

ic
a
te

 

th
e
 

p
o

in
ts

 
o

f 
a
p

p
li

c
a
ti

o
n

. 


