—

3

d\ by Tred M
. Harold O. Hodgiz

=

NATIONAL MARINE FISHERIES SERVICH T ) oEC
COASTAL ZONE & ESTUARMME STUDIES - £
NORTHWEST FSHERIES CENTER
2725 MONTLAKE BLVD. E.
SEATTLE, WASHINGTCN 9812

possible tasonemic group.
at the plankton

R

Analvsis of such samples
established at e
NAEFS Northwe provide an
additional pa asess the mxmb:zuon and
relative abundance of hnportant fishes as well as of
forage fishes and plankton which constitute
chain,

Endorsement of and participation in the
planktonn phase of the MARMAP Pre
tional scctions of the INPFC through thc acgis of the
Oceanography Subcommitice of the Comniittce on
Binlogy and Rescarch would greatly acccelevate th
acquisition of our knowiedge not only of the salmen
environmeni | '

sorting  center

Visheries Cenver will

rarcicr o
the food

ichthyo-

ogram by na-

But that of other species as well.

Literatruri Crrep

MS 1971,

en circulation in Bering Sca and intluence of

Favorrte, ¥, and W. J. Incranay, Jr. Influence of
Bawers Ridge
Amchitka Pranch, Alaskun 3iream, on migration paths of
sockeye sairmon, /i Biological occavncgraphy of the northern
North Pacific Ocean,

Fish., Hokkaidae Univ.

Mowda Commuemneration vol., Fac.

{(in press.)

Favowrte, F., W.J. Uxgramss. Je, and D, M. Fisk, 1972,
Occanography, INPIG, Annu. Rep. 1970 90-98.

Natroval MariNe corwreies Seavice.  1970-71.0 Tishing in-
formaton. Natl. Oceanic Aunos. Admin.,, Natl, Mar.

¥ish, S«
Decernbzr

zepnongr. Ceater. La Joila, Califl Issues of

[o]
dune (971 W

e TN e o .
o S g
o e .
AN

/;Nljll' ANCE OF BIOCHEMICAL VARIT™
ANTS 1Y "“11)1' CSPECIES OF PACIVIC _
SALAMON AND RAINBOW TROUT f‘

Utter,<<Jampes L. ‘.,A_Jgﬂgfﬂ and /
/

R LR —ar : /

“‘*mm“wmw;x‘m«ru@'fw;v’*“
] NPFC Annuzl Reports hav
n INPFC Annual Report have
described several biachemical variants in fishes thai,
based on scveral lines of indirve
assumed to be gencue (Utier and
Utter, Hodou 1\‘.' and johuosou, 19723,

previous we
ct evidence, we have
1971 ;

Ifbvo hemntcal

Hodgin,

[

races of fish and n deter-
of genetic and ‘or
cean (!!m lwnom areas

.";1!.\:u)1""n s and charneteristics,

envi

of origiy,

o=

] he strongess tests Tor "cxc.m'nm\g CUBCLIC O 110N-

al varianis
In

Crls W

2 oconito! biochent

breoding

sias the
(..»!',II
the

genetic sneciuu

are tosts with ".i")EH ‘ff\'}‘-’"‘"ii‘lf‘ll{i.

inderpretig vesuits off breeding expurrime

lonk for gene

evidence of multipic {oel or a sinale
i

locus, for ovidencs ol ditlerent genes {aii a

¢ Natonal Marine Frawrics Sereioy, Noochuest Pishenies

Ceater, Seaith

RESE \i\CH BY TH{E UNI

foasuhin RE PoaT j9Tre (/97 :,)

PED $TATES 97
locus, and for numerical ratios of progeny t
inrerpretation of dominant, codominant, rCCessive
patterns of expression of genes. I aumbers of progeny
of wvarions biochemical types fie closciy . cniough a
pattern consistent with that r‘re‘dic:cd from parcntal
types, strong evidence will then have been obtained
that the bicchemical variants directly
and that the inheritance 1s Mendelian,

Allclism (genes at a single locus) of numerous
biechemical variants deseribed by this laboratory has
been inferred by lines of evidence including: (1)
lcchoplmn,nc patterns for particular
are consistent with allelic variants of the

that permit
(o}

refllect renes

o]

starch  gel

proLCins that

samue protcins in other species, {2) repeatabiiity of
expression from  duplicate samplings of a given
individual, (3) stability of expression over long

developmental periods, and (4) coaformance of
frequencies of phenotypes to a Hardv-Weitberg
statistical disiribuiion.  (Sce Utter et al., 1972, for a
revicw of the biochemical systerns through June 1970
and Hedgins, 1972, for a more
our criteria for allelism.)  Althougly, as stated alove,
we have assumed that biochemical voriants that nizet
these criteria are indecd allelic, we have not previousty

detalled statement of

demonstrated such a relation through data from
breeding cxpcrimcnts

C:Pn{’!‘l’:“ data for

for the

Howing specics and blochcmxral svsterns @ sockeye

salimon-—phospheglucomutase

(P(l ul) s

salmon—tetravolium oxidase (fO); coho salmon-——
transfervin (Tin); rainbow irout alpha elyeero-
T\

phosphate dchydrogenase (AGPD), lacta !
genase (LDH) alate dcl.}dfcghnam (MDHD, TO,
and Tin.. Tlicse data substantiate
Mendelian the

and st[pport such hypotheses for the same systeimis In
other salimonid species where family
vet, available.

inheritance for systems  investizated

data are not, 2s

IixrErRnENTAL PrROCEDUREY

Parents of progeay used mn this study were obtained

as fellows: coho
(Washington State Deparu

o
AN

salmon—=38kyiomish  Hawchery
i of Fisheries) ; chinnol
sockeye mn.m:\—~ﬁd\1¢ fisiy this
facility: (the  National Marine Fishorics  Serviee
laboratory in Scattle) @ rainbow  tous—adult
reaved ar this ety 3 and male anadromous rainbog
trout (stecthead) frear the Chambers Creck Hatchery
of the Wishingten Sute Deparvtiient Al

progeny weee haitched and reared under similar condi-

lkU"‘]‘l""‘ to

{ish

of Game.

tions at this facility,  CGhinook and sockeve sidinan
proseay were tesied betweea 2 and mott s atter
hawching,  Ceoho sadmane and rainhow trout were
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tested between 6 and 9 months after hatching ;. some-
what larger fish were required frem these specics
because a blood sample—dillicult to obtain from small
fish—was needed to test for T

All biochemical systems but T were found in
skeletal muscle extracted as deseribed by Utter and
Hodgins (1976G).
obtained by withdrawing blond from the pericardial
cavity of freshly killed fish with a capillary pipette.
Approximately one drop of whole blood was ex-
pressed mnto two drops of Alsever’s solution (a citrate-
dextrose-saline anticoagulant) in 1073 mm culture
tubes.  ILlach sample was centrifuged at 1000xg for
3 minutes befove testing,

Detatls of clectrophoresis were deseribed by Utter
and Hodgins (1969). Bullcr systems for the respee-
tive biochemnical variants were as described by Utter
and Hodgins (1972). Specific staining methods for
cnzymes followed those described by Shaw and
Prasad {1970). Tfn was detected by a nonspecific
protein staining method using a 0.19) nigrosin-
buflale black selution disselved in a 5:4:1 water-
methanol-acetic  acid Destaining
carricd out with the
solution.

Descriptions of cach
studied in this report
(Utter 1p
Hodgins, 15/0; Utter, 1971 ; Utter and Hodgins,

Blood plasma for Th typing was

mixture.
water-methanol-acetic  acid

was

of the biochemical svsicms
have been given clsewhere
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assunung Mendelian inheritance,
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Tanre 16,

Observed md (in paventhoeses) expected POGN

phenotypes of pareats and progeny in sockeye salmon

matings assuming dendelian inhericance,

Progeny phenotypes

Lot AA AD
1 G (0) 90 (99.5)
2 0(0) 90 {98.5)
3 G (0) 73{8}H
Control 1] 0

Tasrr 7.

Observed and {in

Phenotypes of
Yi
parents

BB Male Female
109 (9.5 AB jt)
107 (98.3) BS AR

90 (1) BB A
100 BE Biz

parentheses) expected TO

phenotypes of parents and progeny in chinook salmon

matings assuming Mendelian inheritance,

Progeny phenotypes

Phenotypes of

Lot AA AB
2-10 i2 (10.53) 9 (i0.5}
2-11 12 (10) 21 (20)
2-13 10 (10) 20 (20)
4-14 8 (11) 14 (11)
5-19 0 {0) 29 (39)
5-12 G {0) 40 (40)
7-13 [UE(E) 11 {14.5)
Control 100 0

parcnts
BB Male Female
0 () AB AN
7 (10) AB AR
10 (10) AB AB
0 (0) AA AB
1(0) AA BB
0 (0) BR AA
15 (1+4.5) B Al
0 AA AA

Observed and (in parentheses) expected Tin phenotypes of parents and progeny in coho salmon matings

Pregeny phenotypes

Phenotypes of parents

Lot AA AC cc AB BB BC Male Female
23 0 17 18 18 0 17 BC BC
(0) (17.3) (17.5) (17.5) 0) (17.5)
51 ] 0 27 0 0 33 BC CC
©) ©) (30) (0) © (30)
53 0 31 19 ¢ G 0 AC cC
© (25) (25) {0} ) (G))
Control I\ Q 0 0 0 CcC CC

20

Tabre 19,
assutiing Mendclian inheritance.

AA

Lot \B BB

13133 1301 0 19 21

' Q) (20) (29

1343% 1347 -0 ¢ 18

©) ©) (1%)

SH2 0 20 22
) (21) (2

1
Control 0 0 4

Progeny phenotypes

AC BC eo!
¢ .0 G
) (0) ©
0 26 16
0 (39) (15)
0 0 ¢
©) ©) )
0 0 0

Gbserved and (in parentheses) expected TO phenotypes of parents and progeny in rainbow trout matings

Phenotypes of parents

Male Female
e “5{{ . __A:ﬁ_w

BC BC

AD BB

BB Bt
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Tanrr 20.
phenatypes of

Observed and (in parentheses) expected T

parents and proeny inorainbow troat

matings assuming Mendelian inheritance.

Phenotypes

Progeny phenotypes of parents

Lot AA AB BB Male I f:*n(xlr‘
1313x 1301 7 (8.3) 22 (16.4) 4(8.3) ©  AB AB
1356 1341 32 (230) 28 (30) 0 (0) AB AA
Control . 50 G -0 AA T AA
Tansre 21, Observed and (in parentheses) expected AGPD

phernotypes of parents and progeny in rainbow trout mat-
ngs assuming Mendelian inheritance. .

I hcno;ypns
of pdrcms

Progeny phenotypes

T.ot AA AB BB Male Female
SH2 0¢(e) 2721 202D AB BB
Control 0 0 . 140 BB BB

TasLe 22, Observed and (in parentheses) expected LDH
phenotypes of parents and progeny in rainbow trout mat-
ings assuming Mendelian inheritance.

Phc‘mty pes
of parents

Let B3

S118 0(0) 45(¢5) o ©) BB

SHI4 0@ 111y oW ppR B2'RY
Control 200 0 0 B¥RY BYpY
1972). Yhenotypic designations given in these papers

- arc retained here.

The phenorypes of most of the systems studied hers
are codominantly C\'Drmscd by starch gel clecuro-
phoresis (L.e., all allcles ol a genetic system ave fully
expressed in heterozygous individuals),  Thus the
presumed genotype can be interprered directly from a
given phenetype. The data for the fully codominant
systems are given in Fabies 16 through 22, In these

systenis, the O‘.m rved phenetypes of the parents and

progeny arc presented and the expected numbers of

progeny-—assiiming simple AMendelian inherizance—
O el

arce shown in parentheses. In svstens involving two
alleles, all three possible phenotypes (the two homo-
zygous plicnotvees and the howerosyeote) are listed,
“uot be ex-
Simil arly, all six

although some of these phenotypes may
pected to accur from these matings.
possible phicnotvpes are listed In systems involvios
Controls are dota from one or mare
matings where bath parents have e same homozy-

three alleles.

gous blicnotype,
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VARIANTS 1IN U'rROGENY AND Tuem PareNTts

Pacific Salmon

Each of the sockeye salmon PGM crosses (Table 16)
involved a heterozygous individual with a common
(BB) homozygote. Although none of the crosses
deviated sxrrnrfl_‘,mly from expected ratios, an cxcess
of homeczygous progeny was found in all three matings.
These deviations become significant when the data are
pooled  (Chi-zquare =4.04, degrees of freedom=
I, .05>P for chi-square test >.01), suggesting that
some sclective factor favored the BB pl.knocypc.

The ratios of TO phenotypes in chinook salmon
progeny {Table 17) approximate cxpected values
bascd on parcntai phenotypes. The only qua“tzmvc
exception @ Mendelian inheritance in all of these
matings is seen in lot 3-10. In the AAXBB cross,
only heierozygous progeny are expected ; however,
one BB individuai was found in this lot. It secms
most likely that this individua! is from another lor and
had been placcd in the wrong helding tank because
the remaining individuals arc all of the expected
phenotyvpe

With tha },o\sdwlc {“(CCPUOR of lot 33, all of the ratios
of Thi phenotypes of coho salmon progeny (Table 18
conform closcly to expected values.  Thi support of
the assumption of Mendelian inheritance of coho
sain s
use ol‘th:s systemas a populdum; marke
The marked diflerences in distribution of transferrins
between Puget Sound and Columbia River coho
(Utter et al., 1970) indicate that this system should be
uscful for coniparisons of populations scparated by

e Iy
ore oxtonsive
NGIL oxicuasive

vin this specles.

rclatively small distances.

Rainbow Trout (Stecthead)
The numbers of progeny of the different TO
phcnoupm (Table 19} all approach expected values
based on the phenotypes of the parents,  We were
fortunaie in {inding two BC phenotypes {a reasonulily
¢ phenetype in our :t')d\s) aniong our parent fish.
}tlmufh numbers of progenv of both Tin croses
(.lab. 20y fell within acceptable Iinits; the double
heterozvgous cross (1313 1301) approached signi-
fieance (L.c., clinnce might not acconm for differcrices
between observed and expected—.2 2> P for 11[—\(][1’11(}
test >.03). Shouid this trend persist upon furdher
sampling, The may prove uscful in demonstrating
cffcets of envirommental vanables as it has in voles

(Tamarin and Keehs, 1969) and as has been snggested
for skipjack wra (Fnjino and Kang, 1968).
spasvning ruinbow trout had
heterozvgons AGPD phenntype, The  rato of

vhenotypes among its progeny (Table 21) clearly in-

Only one of our
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dicates Mendcelian inheritance.
Both matings involving LDV vartants {(Table 223

L} an

males and BYB
expected,  had

were between homozygons B3R
females.  All progeny
heterozyvgous (BYB®7) phenotypes.,

tesied,  as

of codominance
occurs in MDH variants of rainbow trout.  Bailey

A possible exception w0 the ruie

et al. (1970 olserved that two loci of 1‘wxin'r)o\v trout
appcar to code for MDI subunits (B’} Dn ing rise to
active enzyuies having the same clecuo E)A.orcuc
mobility.  One of these loci also coded for an alleli

subunit (B). Because the B’ subunit was synthe l/Cd
in 2l individuals, It was Impossible to qualitatively
diffcrentiate between BB° heterozygoies &
homozvgotes.  (Using  densitrometric  methods,
Bailey ¢t zl., 1970, were able to quantitatively dif-
ferentiate these two genotypes on the basis of diflerent
intensitics of staining of bands having the same
mobilitics ; our MDH phenotypes do not appear to
reflect these differences as clearly.) In spite of this
limitation, our NMDH data {Table 23) support the
hypothesis of Mendelian inheritance. The hetero-
zygous parent was taken from a population where the
frequency of the \IDII variant was reasonably low
(proporiion of variant DH phenotypes—=0.17) ; 1*

.
Crolos

t .:_ genotype wus 3]
(ratncr than ;-B). The progeny data indicaung
approximately equal numbers of homezygous and
heterozygous individuals are consistent swithy  this
assumpticn,

Tapre 23.  Observed and (in parentheses) expected NDH
phenotypes of parents and progeny in rainbow trout mat-
assuining Mendelian inheritance.

P . Phenotypes
----  Progeny phenotypes of parents
Lot BB BB Male Female
. SH8 20 (22.5) 25 (22.5) BB’ BB’
Contral 68 6 B'B’ B’

INFERENCES FROM VARIANT DaTa

Data froin cach of the crosses deseribed above are
consistent with an assumption of Neadclian in-
heritance for the genes contreliing the observed bio-
chemical variants. This finding was expected and
virtuaily climinated the possibility that these variants
could be artifacts reflecung dilferent enviremnental
stresses (although they may indirectly reilect environ-
mental  diflvrences 1hwough processes of naural
selection).  The data also suggest that these variants
do not vary in chinook salimon, colio salmou, sockeye
salmon, nor in rainbow trout Letween the _]unx.,tlg life

history stage and time of spavwning,

The data give strong support for hypotheses of
Mendelian inheritance for simitar {probably homne-
logous) variants of other salmonid species where
data have not vet been obtained. Such
variants we have siudied include: LD of sockeye
salimon (Hodgins, Ames, and Utter, 1969), PGM of
rainbow trout (Reberts, Wohnus, and Olno, 1869 ;
Utter and Hodgins, 1972), LDIT variams of the B?
locus 111 chum salmon and coho salmon (Utter et ai
1672, and NDE var
872).

It 1s now possible to extend use of these

fainily

L,
riants in pink salmon {Utter ct al.,

variants
with increased confidenee in their genetic nature.
Thieir use in racial studies hias been well documented
{(Utter et al, 1972) and will continue. Studics of
possxblc genetic linkages in rainbow trout are in
progress within our stocks. The variants also are
potentially important in studying possible sclective
factors that influence their presence in different
environments.  An understanding of these factors may
lead to a much clearer understanding of the signi-
ficance of
populations.

these  biochemical genctic varanis in

Literavure Crrep

Barcey, G. 8., A. C. Wiwsox, J. E. Hawver, and C. L. Jonx~sox.
1970. Multiple forms of supernatant malate dehydrogenase
insalmonid fishes.  J. Biol. Cheru, 245(22) : 5927-59-40.

Fujine, K., and T. Kaxc. 1968,
Genetics 35 79-91,

Honcins, H. 1972, Scrological and hiochemical studics in
racial identification of fishes.

Transferrin groups of tunas.

Ir Raymond C. Simon and
Peter A, Larkin (cditors), The stock concept in Pacific salmon,
p. 199-208. H. R. MacMillan Lectures in Fisheries, Univ,
Brit. Columbia, Vancouver, B.C.

RorperTs, F. L., J. F. Wornxus, and S. Ouxo. 1969,
glucomutase polymorphism in the rainbow trout, Salmo
gairdneri,  Expcerientia 25: 1109-1110.

Suaw, C.R., and R. Prasap.  1970.
of cnzvines: A compilation of recipes.  Biochem. Genet.
4:297-320.

Tasarin, R, L, and C.J. Kaers. 1969,
biotogy. II. Genctic
fluctuating populations of two vole species,  Lvelution 23
183-211.

Urrer, FOM. 1971
rainbow trout {Salmo gairdneri) and Pacific salmon (Oaes-

Comp. Binchein, Physiol. 398 : 891-893,

AL L Ases, and HLO. Hopeins, 19700 Trans-
ferrin polvinerphism in ccho satmon (Oncorhynchius kisuizh).
J. Tish. Res. Board Can. 27 23712373,

Urrer, .M., and H. O. Moodins, 1968, Lactate delivdro-
genase isozymnes of Pacific hake {Merluectus productus). J. Vixp.
Zool. 172: 59-67,

e, 1370, Phosphoglucomutase

Phosphao-

Starch gel electrophoresis

Alicrotus population
changes at the transferrin locus in

Tetrazoliin  oxidase - phenotypes  of

rhyuchus spp.J.
Yirrer, FONL, W

nolymorphism in




~amanths Lbefore

RESEARCH BY TEHI

sockeye salmon.  Comp, Diochem. Physiol, 36(1) : 193-199.

— . 1971, Biochemical vadants in the Pacific hake,
INPIC, Annu, Rep. 19659 1122113,

=, 1972, Biochemical genctic variation at six loci in
four stocks of rainhow trout,  Trans. Am. Fish, Sec. 101(3):
491502,

Urrer, T, M., IL O. Hoparss, and A, G. Jonsox. 1972,
Biochemical studies of geactic differences among species and

stocks of fish.  INPFC, Annu. Rep. 1970 96-101.

PITUITARY GONADCTROPIC ACTIVITY
AND OVARIAN ANTIGLENS FOR PRE-
DICTING AGE AT NMATURITY OF
HIGH SEAS SOCKEYE SALMON -

by Willlam D. Gronlund, Harold O. Hodgins,
and Lthel A, Blood*

Previous studies at the National Marine Fisheries
Service (NMUIES) laboratory in Scattle of a maturitv-
rotein {SM antigen) in fem ey

related lipoprotein {(SA[ antigen) in female sockeye
salmon blood (Ridgway, 1961 ; Hodgins and Utter,
1969) and of gonadotropic hormone {GH) activity in
pituitary glands of sockeve and chum salmon (Gron-
lund, 1969; Gronlund and IHodgins, 1970) have
demonstrated that both provide valid criteria for the
identification of matmum fish taken at sca several

|~ ar accurgte T(‘ll(‘(‘awhl’“

of inshore runs from i
maturity of sockeye salon taken at sea are essential.
The possibility of detecting the onset of sexual maturity
in sockeye during the vear before spawning led us to
investigate piwnitary GH further and to investigate
the relations between antigens In ovaries and the
maturation process.

Blood Si1 antigen can be induced with estrogens
(Arncs, 19\)7) in immature male and female sockeye
salmon ; Dbiood SN antigen can alse be induced in
immature female rainbow wout but not in immature
female coho sahmon with: pituitary extracts (Gronlund,

59).  The antigen 1s detected in both the blood and
ovarics of maturing female salmon, and its presence
in bloed of high scas sockeye salmon s consistent with
known age-maturity dan (Hodgins and Uuner, 1969).
The GH is detected I extracts of maturing sockeye
salmon pinntary glands, and levels of activitv——using
gonad weight augmentation bioassays— are cousistent
with other mawrity eriterta (Gronland and Hodgins,
1970).

Beeause of lack of sensitivity, the bioassay by gonad
welght angmentation veed for GIT was uot applicable
to individual pituitay ghads frowm ng seas sockeve,
and a moere sensitive test was needed t carlier matavity

* Nauomal Marine Fishertes Servier, Necthwest Pishicries

Center, Seattle,

seas sampling, data on age at -

)

r a/
/]
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I)lCdlCll!)'l\ ‘were (o be possible using GH as an in-

dicator. —

Whereas SM antigen is detectable in the ovaries of
all high scas sockeye salmon with SM antigen in biood
(SM+), some fish without detectable SM antigen in
blood (SM—) did have detectable SN antigen in
ovarics. To assess ovarian SN antigen as a maturity
factor, we examined the relation bct\\ ecn blood and
gonad SN antigen.

The purposes of the present studies were to: (1)
examine ovarian and serum proteins from maturing
sockeye salinon to determine how many ovarian con-
stituents were detected by anti-SM sera and to make
preliminary investigations of their physico-chemical
propertics for use in identification of their roles in the
maturation process and (2) investigate a new GH
assay procedure based on radioactive phosphorous
(32P) uptake by immature salinonid testes.  Using this
method, we examined the GH activity of individual
pitvitary glands of high seas sockeve salmon.  We alse
partially characterized the hormone as a first step in
the development of immunochemical assay procedures,
which are extremely sensitive and can be used to
quantitate GIl activity in blood as weil as in pitui-
taries.

Experniental ProcEpures

Ovarian SA Antigen Tests

Salmon captured atsca on 1967-71 cruises of the RV
George B. Ielez were frozen whole and transported to
the NMFES laberatery in Scattle. The fish were
partiaily thawed and ovaries removed. Ovaries
were cither homogenized with phosphate buffered
physiological salinc in a glass hand homogeuizer, in a
mechanical homogenizer, or were cut 1 smail picces
and crushed. All methods gave essentially the same
results. The saline extracts were then tested for SM
antigen using the immunodiffusion test that was used
with blood (Ridgway, Klontz, and Mawsumoto, 1962).

Ovarian SM Antigen Purification

Ovarics pooled from female sockeye salmon cap-
tured on the high scas and keptin frozen storage were
processed by w modification of the method describied by
Wallace, Jared, and Lisen (1966) for separation and
purification of phosvitin—an protcin containing a high
percentage  of phosphorous-—from  eggs of several
Ax part of this
process, i water-insoluble material which they called
the * phosvitin-lipavitellin complex ™ s separated.

vertebrate spectes ncluding teleosts.

We previeusly found that protein material from ma-
ture salmon ovavies; serologically cros-reactive widh
serum SM O antigen, is water insoluble. This in-




