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 QUANTITATIVE GENETICS

Introductioﬁ

Mendel's Law of heredity, a first step {n.mOdern.génepicgg
was applied initially only to qua]ftatfve'charactéks showing dfscdn—-”
tjnhous variations. It had been discussed yhether or not it was gobdl
d}-bdd.to dpp]y.thjs 1aw'to a quantftativevcﬂdracter shwané cﬁntjhu;
ous vériationg, covering many biologica1 variétions. Thereafter, the
mu]tip]e.genes,(po]ygene) theory was introdUcpd by combiningftheibio;-
1ogigé] statjstics with Mendel's Law of heredity; qnd later, it wa§.
consiﬂered that a.quant{tﬁtive éharacter could also be gonfned by'thé

’;hrombsome genes. - Fuﬁthermore; the genetics of ﬁﬁantitative.charac->
ter wené éstab1i§hed'Qn the basis of the.intrbduction of. population
genétics.'whiéh have advapccd tremendqus]y‘in récent years; a1$o-on:-
the basis of study dfythe.theofy of breéd{ng Erops and livcstock.

There are many'unfaVbrab]e aspects to using creatures living iﬁ water;
as research materials  for genetics apd breediﬁg studies,.becauéé,éx;'
tensive faci]itiés and much labor are needed to culture and breed :
aquatic creatures and also because of purely technical difficu1tieg.

"However, in recent years, thc theory of quantitative genetics began
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In closing, we express our deep appreciation to the
Committee of the Meeting of the -Japan Fisheries Society, held in
the Autumn of 1978, the Chairmen and Scientists who attended the

discussions.

. We are also deeply grateful to Hr. K. Wada of Pearl
Research Laboratory for helping with the translation of English ’

.scfipts; to Mr. 1. Haneu of Univérsity of Tokyo for his assist-

ance in‘editing"and correct%ons; to Mr. H. Satake of Koseisha-
Koseigaku and many other people for their efforts.

December, 1978

The Planning Committee:

K. Fujino (Kitazato University,

Department of Fisheries)

K. Suzuki (Freshwater District Fish- -
eries Research Laboratory)

Y. Nose (Tokyo University,’

Department of Agriculture)
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3. Fish cytogenetics (based on chro- )
mosomal engineering)............. Y. 0jima (Kansaigakuin Uni-
_ versity, Department of Scien:
4. Chromosomal abnormality due to , : :
pollution ... ..., Longwell, A.C.,(NMFS, Mil-
C . ford, USA) : _ .

"I1. Aquaculture now and in the future... Y. Nose, Chairman.
: (Tokyo University)

o Agar (o i, A. Miura (Tokyo University
o T DSTI : for Fisheries) .
2. Invertebrates.......couuuuuenenn. K. Numachi (Tokyo University
. ' : Institute of Oceanography)

_ . 3. Fish ...... .. S K. Suzuki (Freshwater Fish-.
‘ . e . " eries Research Laboratory,
‘ at Ueda) - . :

TI1.DTSCUSSTON wueeeeeeeeeeeeee K. Fujino, Chairman .
S ‘ (Kitazato University, .De-
‘partment of Fisheries)

Closing speech ..;.;..; ............. S. Sudo .
: (Tohoku University, Depart-
- ment of Agricu]ture)_ :

. ~ - In Part I, the results of basic studies of aqua-genetics
| from many aspects were presented. In Part IT, the actual _state of
| aquaculture was presented. In the former, recent results concerning
‘ the .following studies were presented and various possibilities of ap-
- plying these studies were suggested: quantitative genctics, the pur-
pose of which is to study quantitative character which is of great
importance in the. breeding studies; population genetics—the biochem- .
ical polymorphisms , useful ‘as indicators, are mainly studied; cyto-
genetics ‘as a basic study of chromosomal engincering; and, finally, .
. genctic effects on wild populations.by water pcllution. In the latter,
‘ the recent states of agar, invertebrates and fish were introduced. .
| Throughout these speeches, the necessity of accumulation and organiza-
tion of basic knowledge relative to the -resources and the techniques
for breeding. as well as the importance of developing strategic mea-
sures for breeding studies were stressed. o
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INTRODUCTION

jn 1965, a Symposium concerning aquacu]ture_Was held by
the Japan Fisheries Socfety and the studies and techniques.rélated )
to this field wére discussed. Since then, the basic studiésnre1ated.-
to aquaculture and, in particular, to isozymé genetics;'populétibn
genetics and cytogenet1cs have been developed remarkably. On the
other hand, techniques of aquacu]ture have also_ advanced greatly and
it is now cons1dered that - genetic improvements of species are very

'1mportant. It is also considered important to have genetic contro]
.of wi]d populations and, in fact, there is a possibility to control" .

them. Twice 1n 1966 and again twice in ]975 Meetings were held by
the Japan Aqua-Resources Preservation Soc1ety concern1ng aquacu1ture,-

in cooperation with scientists interested in genetics and breeding

of aqua-creatures. Methods, techniques, plans for possible aquacul-

‘ture and other problems were discussed.

Relative to the progress just: described a Symposium was

“held by the Japan Fisheries Society in order to ]earn the present -day

state- of aquacu]ture and breeding and in order to deve1op aquacu]ture
and to qseAthg Tatest studies. The contents of speeches and discus-
sions are iﬁ this book. This Symposium was held on October 9, 1978,

at the Tokai UnlverSIty (Shimizu C1ty, Sh1zuoka Prefecture) accord-

ing to the foHowlng program. - L i ‘ ‘

"GENETICS AND -BREEDING OF AQUA-CREATURES NOW AND IN THE FUTURE"

Opening speech ...mvieiiennnnn M. Nomura (Tokye University
: ' ‘ for Fisheries)

‘'I. Progress in aqua-genetics.......... S. Sudo, -Chairman ‘
: (Tohoku University, Depart-
_ : : ment of Agriculture)- ~
1. Genetics of quantitative charac-
LS ittt e i ettt K. Wada (Pearl Research La-
_ ' ‘ boratory)
2. Biochemical polymorphisms and .
" population geneticsS........cu... K. Fujino (Kitazato University
S : Department of Fisherices)
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In contrast .to the quantitative‘character, there is a qua--
litative character shouing a discontinuous variation. Historically,
as mentioned preViousiy, the inheritance of this qnaiitative charac-.
ter was explained in the genetic theory by Mende] ~Thereafter, onf'
the hasis of the 1ntroduction of the bio]ogica] statistics and a]so
con51der1ng the aspect of multiple- genes it was estabiished that a
'quantitative character is also governed by the chromosome genes,
.Similarly to the case of the qualitative character. The genes govern;l
?1”9 quantitative characters are called polygenes. It is conSidered
that many genes,.each with a Timited inf]uence,'comp]ement~each'otherﬁfi
and participate in the manifestation of a character.'-Aspnill be:des- if
“cribed in the fo]lowing, concerning the_statistica] studies ofga
quantitative-character it is necessary to bear in mind the.fact that‘-‘
the probahility patterns inciude many hypotheses, like a norma] pat— |

tern of distribution, as mentioned prev1ous]y

2. Phenotype and genotype.va]nes'and-the'partition.of their variancest
(*square of standard deyiation) ‘ .
Differing from the qha]itatiVe charaCter; the genotype of a
'quantitative character cannot be assumed from the measurements. There—.
fore, a genotype va]ue (effect of genes. G) and a phenotype va]ue
;(practical measurement P) are-used as quantitative aspects. The

phenotype value is expressed as the sum of the genotype value and
the non—genetic effect,'the'effect of the environment (E):

P = 6 + E ..oviiiiiiiiiian... R oo (1)
G is a portion determined by the genotype governing the quantitatiVe
character of a certain 1nd1v1dua1 E is a variance determined by

~the enVironmental effect on the character. E is also called the




to be applied to aqua-creatures in order to study the breeding and

homogeneity of experimental aquatic creatures.

In this paper,‘th1s theory, 1ts app]1cat1on and the prob-

lems - lnvolved are dlscussed

1. Quant1tat1ve ‘character and po]ygenes
A measurab1e character show1ng contlnuous var1at10ns, froml
morphological chanacter (11ke: length, weight, or co]or tone) to a

physiological reaction, is called a quantitative character. Genera' ‘

the econom1ca]1y 1mportant aspects, Tike growth and the resultant vo-

lume of product1on, often reflect the above variations. 'In order to

Afurther the studies, 1t is desirable that many statistical individu¥ :f

1

a]s‘te neasufed, as statistical analyses are prerequisites. The me—
thod of genetic analysis of a'qnantitative character, now described,
is based on the assumption that‘the character variation shows normal
distribution. HoweVer; the metnod of quantitative.genetics can also
be apnlied'to measurements shcwing asymmetric distnibution by abproxi-

mating the norma] distribution and transforming the scales, like the.

transformat1on of a 1ogar1thm Even when. the measurements can be ex-
pressed only by who]e numbers, 11Le the numbers of 1ntermuscu1ar
bones, it is cons1dered to be a quant1tat1ve character showing conti-

nuous var1at1ons. Furthcrmore, concerning s1aness, suscept1b111ty

“to illness is an  "all or none" character: whether to become i1l or

not. Based on the idea of becoming i11, when the potential of this =
character ‘exceeds a certain Timit, it is intendcd to treat this as a

quantitative character.
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V., and V.. are respectively: a genotype variance, an

G> 'E* A D I
environmental variance, an additive genetic variance, a dominant .

v ) v

variance, and an epi-hypostatic variance (epistasis variance).

Partttiomng of the_phenotype variances is‘usu511y'achieved
by.analysis of the variances. This is a baeic‘study'tonanaJyze‘thei
qnantttatiVe charactervgenetical]y' Especia]]y, the'ratio of the
add1t1ve genotype var1ance 15 1mportant fq~breed1ng, as w111 be -
descrlbed later - For the purpose of th1s ana1y51s, the method of
comparing .a pure line or an inbred line w1th hybr1d groups and a]so'ﬁ
the methods of crossings, utilising tne data on twins and expertf
mental plans for twins, are used.-.cohtingency tab]esfof the vart;
ance components of various kinds of popu1ation§ were.obtained ﬁow—\
ever, when G and E are not 1ndependent and there are both a corre]a-

tion and an 1nteract10n between G and E, the partition of var1ances‘_-

cannot be used. Concernxng the correlation between the genotype and

the enyironment, 1t was theorlzed how to estimate the component of~
variance.

. ‘ In the fo]]ow1ng, an example is g1ven of the app11cat10n of
this theory to the aquat1c creatures. Concern1ng the fo]]ow1ng three

characters: the weight after spawn1ng, the number of eggs spawned and

the size of the eggs, Gall (3) estimated the additive phenotype, do-

minant and epistasis variances, using domestic * Rainbow trout,

bred jn.California, USA (two lines of sub-population).

Ten of each. of the H and V lines were combined and crossed
(g 1 to ‘3 1). As the.offspring of each line, a recipnoca] Cross F];

two reciprocal cr‘osses'F2 (9 HY x d vii and 9 VH»3~3 Hy); and two



random error. Using statistical lanqguage, the sum of ellg of the indi-
viduals, belonging to one population, equals zero ahd, when the aver--
age of the population is calculated, the phenotype value equd]s the

genotype value.

On the ether hand, the'pertion determined genetjcelly (G) is

.partitioneq as follows: (1) a portion nhich is proportionete to the
number of genes,.that is, a poftion decermined.by.the additi?e ef—~ »
fect of the geneéi ie ~additive genotype va]ue (A); (2) a portion'~

determined by a dominant phenomenon - dom1nant var1ance (D)3 anq'.

(3) a port1on determined by the corre]atwon between the genes or bet-~
ween the gcnotypes on the d1fferent gene loci - ep1—hypostat1c

or ep1sta51s variances (I). Thus, equation (1) can be shown as:
P ox A + D 4+ T 4 E ceeviiinanienloeaaneen. (2)

The md1n purpose of genetic studies of a quantltatlve charac— .
ter is ‘to estab]1sh the contr1but1ng degree of each component of the |
phenotype to the variation of the character. Therefore, it is neces-
sary to partition the var1ances found in the phenotype va]ues and .
to know the ratio of each component. Thereby, the genetlc charac- ‘

ter1st1cs of the character are clarified.

If each component of the equat1on (2) is 1ndependent the
phenotype variance (Vp) is the sum of the variances of each compon-;
"ent comprising the phenotype:

v;;-—jv vV

it
L~
-+
-3
e
<z
-
=4
—
w
A



and the outbreeding ) (9,10); the shell-shape of Tamakibi
(Littorina saxatilis), naturally bred snails from different
habitats (estimation of the genetic variance by analysis of "’
the co-variances of the full-sib, the parents and the off-
spring) (11); the growth of the 1qrvae Qf‘Murasakigai'(ﬂx:
tiius edulis) ~in water of low salinity (estimatibn of

the genetic variance by analysis of the variance of the
half-sib and full-sib) (12); etc. S |

Furthermore, concerning the rec1proca] actxon of the genotype
and the env1ronment, there are reports of experlmenta1 stud1es 'u51ng 
carp.bred ih-Eurdpé and in China, by Moav (13,14). Many stud1es con;
cern1nq the genet1c analysis of quant1tat1ve characters have Just
heeh s;arted. The deve]opment of these studies is expected in the

near future.

3. Her1tab111ty

The 1nd1ces wh1ch show to what extent varlatlons in the quan—u
t1tat1ve characters are determ1ned by genetlc factors, are usefu] for
analyses of the quant1tat1ve characters genet1ca]1y These 1nd1ces
are ca]]ed her1tab1]1ty (h ), and, using the components of the var1~
.anEes_in_equation (3), it is.defined as:

L R R . e L ()

" This is ‘called heritability in a broad sense. When"usinéibn1y the
add1t1ve genet1c variance Va in the three components of the geno—~
type variance VG,.lt is ca]]ed herxtab111ty in the narrow sense:

2, - A
h ‘“ - V R

Using the additive genetic.variance, herifabi]fty is practical when

used in selective breeding.



hack crosses (Q HV x K‘H and Q VH x 3 V) were obtained. These cres~
sings Qere done twice. In tofa] 1,604 trout, fp11y 2 years old, yere
checked with regard to the characters just descr1bed The variance was
partitioned by_ana]ys1s of the generat1pn means. As the resu1t it»
was observed that the dominant variance and the epzstasxs variance
uere'romarkab]e.in the weight of the fish and the size of the eggs;
-and the add1t1ve genet1c variance was c1ear1y expressed in the number

of eggs

Furthermore, with regard to many species of aquatic cveature‘.
part1t10n1ng of ‘the environmental variance and the genotype variance

was made using popu]at]on data. These studies, exc]ud1ng stud1es re-
' . under :
lating to estimation of the heritability described/the following head-

ing of Paragraph 3, are as follows:

The recapture rate of Salmo salar bred in the Atlantic
Ocean for stockrng (estimation of the presence of the ad-
»;ditive genetic variance by analysis of the variance of
half-sib*) (4), (FIGURE 1.3)s;and the weight of the fish
when they were recaptured (estimation of the presence of
the genet1c variance by ana]ys1s of the-variance of full- > 
sib**) (5), (FIGURE 1. 2); the weight and the body Tength C )
"of a guppy (Lebistes reticlatus) (estimation of the ratwo

of the additive genetic variance by analysis of the variance
of the full-sib and the half-sib) (6) the number of the

‘ 1ntermuscu1a1 bones of carp (estxmat1on of the presence of
the genet1c variance by analysis of the var1ance of the
full-sib) (7), and (estimation of the genetic variance by
the comparisaon of several different lines and their hybrids)
(8); the growth rate of carp (estimation of the genetit va- -
riance by analysis of the full-sib crosses, the inbreeding

* half-sib = same mother, different father or vice-versa

**came mother and same father



b A T i e B KN TL WIS MIRETRT Al T T AT T U S R LT TS e e S s v T A T ST e mee et s e =

These methods are classified into: (1) a method to estimate-
the corre]ation or.the regression between the parents_and the off--
| spring; (2) a method to analyze the varianees-in the fuTI—sib or.
the ha&f—sib; " (3) a method to estimate\the corre]atton between the .
‘full-sib or the ha]t—sib' (4) a method to estimate‘the result of
._the select1on exper1ment (5) a method te estimate the'vafiance'of
.'tu1ns ~ From these . five methods, the method to apply depends on the
breed1ng mode of the exper1menta1 subject and the degree of. dxffwculty
. _ " in the breeding and in the controlling of the culture. Concermng the
| 'aquat1c creatures, method (2) above has been used frequent]y S0 far
" An exp]anat1on of the re]at10nsh1p of the full-sib, analysis of the
variance, the comp031t1on of.the mecan Ssquares (MS) and an estimatiohh'f
of hor1tah111ty are shown in FIGURE 1.2 and TABLE"lll._ Aheve’these,tf
are shoun the half-sib (FIGURE 1.3 and Table 1. 2). As shown in .
TABLES 1.1 and 1.2, the heritability obtained by ana]ys1s of the va~b
riance of the full-sib is heritabi]ity in the broad'sense.‘ In order
to'eetimate heritability in the narrow sense, it isinecessery to ef-

fect analysis of variance of the half-sib.

however; as shown in FIGURES 1.2 and 1.3, in order to.cétfy
' opt this analytical experiment of the han—sib, many faeilities for_:
tulturﬁhg and much taboh are involved. For the ;tatisticdl‘treatr i
hent, it,js necessary to increase the number of crossings-as pe%
the accuracy required ThUé, the method of estimation to be app]1ed  ,.
is decided "according to the experimental scale ava1lable and the

accuracy of the estimation required.



3.1  Hqutabi1ity and selective breeding

Heritabi]itylshows'tﬁe heritable character of a certéin type
~and, at the same time,.shows the popu1ation.tharacter. " Therefore, 5t3.
is important in the field of-breeding; as are the genetic analysis of
a quantitative character and artificjai selection. As anAexamp1e;
'ﬁfth régard to a character with high heritability, the:éffect of
qrtificial se]éction apbearS quickly and fndiQidual.se1éctioﬁ is ap-
pfqpriate as the method~6f selection. On the other hand, it is con-
sidered that family selection is suitable for a'chéracter.with ]dw
hérftabi]iﬁy.f ngeral]y, it is considered that thére is thé effect-'.
of selection in a.character with heritability highef than 0.2. When |
heritability is applied to selective breeding ~in pfacfice, there is
another important aspeét. That is, that there arelmany cases Wheh |
the heritabi]fty obtained with.regard to a certain character diff%réi
accordfng to the method.of estimation used, the'genetic,backgrqunjof
.-fhe poﬁu]ation'and the environment in-which the population Qas settled.
When a certain value is obtained for the héritabi1ity, ifj5ﬁ0u1d~bék
noted that this value was estimated, usjng a épecific”pop@}afibn fn

a specific environment. Therefor.e, in.order to estjhfate.heritabji]i" .
as the index for selective breeding, it is récommended to‘ﬁ§e~a spe-
ci}ic biological bopu]ation (1ine) and a sﬁecific faci]ify‘oriconfro1f

]fng method (environment) in each culture-ground or hatching-ground.

3.2 Estimation of heritability

- Many methods have been established to estimate he}itability.
Basically, as descrﬁbed in Paragraph 2, the méthod applied is to study

how much more similar are each of the closely related individuals

_than those of remote relationship and to obtain a genetic variance-
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- The: genellc corte]at1on can be often either an advantage or an obst-

acle to breeding. A favorab]e correlation can be utilized, while a
ra]atlonsh1p of an unfavorab]e combination has to be broken. It is
possible to break the corre1ation due'to the linkage. However, the

correlation caused by p]efotropism of the genes remains without

-solution.

Genetlc corre]at1on, env1ronmenta1 corre]at1on and phenotype

conrelxtlon are defined as fol]ows »
Cov (G], Gz)

Genetic~corre1ation: yG = ceeev.s (5)
: - . ~/VG<_. VG _
NS T
Environmental- cor- Cov (E], E2) ,
relation: Y e e .- (6)
- . . /VE - Ve 2
1(,2).
, e : - Cov (P,,.P : :
Phenotype correlation:yP = L 2 ""'Z‘,(7)
~ o JVP VP
N - 12

Covar1ances G] Gz; Ei,'Eé;,P] and P2 ane the genetic, environmentai
and phenotype covariances of characters 1 and. 2, respectfvely..-8y~the
samo token,'VG] VGZ VEf; VEZ, VP] and VP2 .are the genetIC, env1ron—
menta] and phenotype variances of characters \ and 2. Apparent]y,
fnom these definitions, 1n order to estimate these corre]atlons, the.
edrnelation of the twp characters has to be estimated. For thls pur- "’

pose, the de]owing.methdds are used.

(1) a method based on the correlation or the.regression~

between the parents and the offspr1ng, -and

(2) a method based on ana]yses of var1ance§ and cova—

ridnces of tne popu]ation_re]ated to the spec1es.



'qard to d1vers1ty of spec1es, fish are the most numerous'and, in par.

~10-

3.3 Heritability estimated in the aquatic creatures

The aquat1c reatures, the heritability of which has been. es-
timated so far, are within a wide range, from fish and shells to
weeds The1r her1tab1]1ty, ‘taken from recent reporis and arranged,
are shown in TABLE 1.3. Studyxng Th1s~TABLE,_one can see«that there\
are manyveases when herltabi]ity was jestimated main]y for the pur-

pose of breeding in the industry of.fisheries; also there are some

tases:when estimations were made from the point of view of experi-

ments with;anima]s and the classification of their lines.- w1th re-

ticular, freshwater fish, ]1ke Rainbow. trout The heritability of

their nany characters_has a]ready been established.

A Corre]at1on of quant1tat1ve characters

The two econ1m1ca1]y Important characters are often found in

elther p051t1ve or neJat1ve corre]at1ons The corre]at1on between

the phcnotypes of two quantxtat1ve characters (phenotype corre1at10n)
is part1t1oned 1nto_an environmental correlation and a genet1c.c0r-

relation, "according to the cause.

The genetic correlation includes all correlations expiring from

genef1c causes. Furthermore, it 15 cons1dered that there are cases

,uIth a close linkage among the genes governlng thlS character and that

there are other cases when.the same one gene (a group) relates to the

‘expression of two different characters (pleiotropism of.genes). Con-

cern1nq a popu]atlon crossed at random, it is considered that the ge-

‘net1c corre]atlon, due to llnkage, will reach the ]1nkage equ1]1br1um,

and that many cases are caused by the pleiotropism of the genes.

e e L AP
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.according to whether it is cauried out artificially or spontaneous]y.
In many cases of artificial selection, it is difficult to exclude the‘
influences of natural selection. Bas1ca]]y, se]ect1on is a change 1n
the frequency of the genes. Since th}s cannbt be measured directly in
the quantwtat1ve character the means, the vafiancesfanu the couarﬁF

ances‘of the popu]at1ou are used to judgé.the'effécts of such se]ecﬁionl

‘ Art1f1c1al se]ect1on is a most 1mportant breedfng methud and
1t has been used trad1t1ona]]y since olden times. . ~The sxtuat1on has |
Anot changed even today. Concern1ng aquatic creatures, many actua] ‘
ases wvere recorded before. quant1tat1ve genet1cs were deve]oped .
. There are~qu1te a few cases affecting 1ndustry, mqwnly of freshwater fi:
Viz.: carp; crucian carp and Rainbow trout (27)? However, from.the
. pointluf viewiof quuntftative genetics, there are many cases- whe
fmperfections are foundAin the génetiC‘records,.that 1s, the uncertalnt)
of the se]ectiou methods, the lack of a control\group (genea]ogica]),
and.no estimation of genetic gain (selective response).. In order tu
carry out a se]ecEiVe experiment of quantitative characters,:it‘is‘
more cdnvenieut to study the results theoretically, if the‘se]ectioh'
method is clarified and the cdntnﬂAgroub is used as descu%bed'fn
'the‘followinqg a]so, the results thus obtained can be used for pre—-
Adlctxon of the sc]ectwon effects. | ‘

5.1 Prediction of selection difference, strength and response

Generally, when an individua] with a desirab]e'pheuotype is
sn1ehted at the rate - of P% from a popu]at1on w1th a mean’ va]ue of quanj

tltatwvc character as Po, and the next generation is cu]tured the

difference between the mean value of the individual selected, Ps,
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In the experlment w1th Rainbow trout, described previously,
Ga]i (3) est1mated the genet1c correlation, the env1ronmenta] corre1o;
tion and the’ phenotype correlatwon (using the method of analyses of
the varlances)or the body weughts after spawn1ng, the number of eggs’
spawned the volume of the eggs and the size of the eggs (egg dlameter)

also the number of eggs per 100 g. of body we1ght (TABLE 1 4)

As'the.resutt, a comparative1y strdngegenetic correletton qu.
found between the vo]ume‘of eggs and the diameter.ththe eggs; the
huhber'of‘eggs or the_body"weight;» Generaity; tt is considered that"
there is a‘strong‘corre1ation between the diameter of the eggs and the
_number of eggs or the ‘number of eggs per unit of body weight. HoweVer}
in the experihent above, the corre]at1on between the diameter of the
egys and the nUmber of eggs was found to be Tow. Furthermore, the
volume of egqs should be considered in order to -carry out se1ect1ve
breeding. Concern1ng the populat1on to be used for experIments, it is
_cons1dered that an 1mprovement of the reproduction character and a]so'
ah increase of hody weight, w111 be obta1ned by select1on of the.

-volume of eggs. Concerning carp, Hoav and Wohlfarth (10) reported "

examp]es of the correlat1on between the: growth rates obtawned by dif-
ferent cu]ture methods, also, Wohlfarth ct a] (26) reported examp]es
of a eorre]at1on between the ability to escape from seines “and the

growth rate.

5. Artificial selection
Selection is desaned to give a breed1ng rate to a spe—
cific individual, which is d1fferent from that of other 1nd1v1duals.

The method is called an artificial selection, or a natural se1ect1on,
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responding to the sizes and the selective strengths of various popu-

lations, were calculated (28).

5.2 Selection experiment with aqyafic creafures _
Donaldson and Olson (29) reported their results Of_the selec-
tion breeding of about six géﬁeratioﬁs-for 23 years with regard to
.incﬁeaseé in body weight, body Tength and the_ndmbef-ofjgggs.of Réihj
bow trout. Remarkabfe.progreﬁs was observed’%n all fheSe.chéraéterél'
"Also, Doﬁadgon.and Menasveta-(30) carried out seleétion;éxpgriments,'
with NasunOsuké, used for stdcking,-and reported that tﬁe_progress

of the characters (as, for instance, the growth rate) was observed.

-Ryﬁan (31) conducted selection experiments'tﬁrdughOUt nine
genérafions with regard pd the body weight of guppies of 63 days 61d,
As the basic population %or the se]ection; 597 individ&als were used,
the additive genetfc varidnces of which had been scarcely discovered
by the . analysis of vériances of their sib in fhe differeﬁt.eiberia
ments. The selection was made in 'two lines of the body weight:.heévy
and,l&ght. The‘numbef of .individuals seieéted was not édnstant, 1-6
fish from one water tank'(3—12 fish of.on]y fu]lQSib were'put'ih oﬁé‘

wat%r‘tank and the number of water tanks was 8-131 for one generation).'

‘The number of individuals measured was 28-566 females éﬁd E
24-469 males for one generation. At the time when the disfinctfon
between the males and the females was clear, the males aﬁd’tﬁe'féma]es
were cultured separately. Also, their geneticlgains were obtained
sepakate]y. A summary of the results is given in'FIGURE 1.5. >The ge-

netic gain shows little difference between the males and females.
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and Po is ca]]ed a selective difference (AP) (FIGURE 1.4). P is the

selective strength and the difference, oG, between the mean value of

the younjer generation, P], and Po is the genetic gain or the selection
responsc. If all variances in the'character.of the parental population

are additive genetic variances, P, should agree with Ps. However,

- generally, such a case cannot exist and P ]eans to'Po. " FIGURE 1.4

1
shows a breakage seiection, in which a]] indivuduals with more than

a certain value of phenotype are slected. k s cai]ed the breakage

pOint.in a selection.

_The relationship between AG and AP can be written, using

heritability (hz) as(fo]iows:
A6 = ROAP L....... T S ... (8)

'Since using this equation, the selection response of one gene-

ration can be predicted from the selection difference and the herita-

.biilty, it is-a usefui formula for the development of se]ective breed-

ing. The se]ective difference is expressed by the unit of the charac- -

(gr., cm., etc.). In case of different variances énd when dif- g

ferent characters are compared, the selection difference is expressed

by *the unit of a standard deviation, in order to compare the seiective

strength. When the standard deviation of the character inAthe parente]

generation is oP and i = AP/dp, in the case of a normal distribution,

i = z/p. Where z is the height of the vertical axis at the breaLage

‘point in FIGURE 1.4 and P is the selective strength Thus, equation

~{8) can be written as fo]]ows.

A6 = daphl .. . B (9)

i is a standardized seclective difference, the values of which, cor-
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'Furthérmore, every year from 1966 to 1970, dgg.qollectionQ
wére repeated from a parent, taken from the original population ét i
random, and were.used as control groups for the whole (the crossbred
control). The selective stréhgth was 15-45%; which was as moderateiA
~possible,.in order to avoid a random genetlc dr1ft. 43 375 f1sh

were used as parents- After the second generatlon, the, parents of .

‘ ach 11ne were divided- 1nto 2-6 sub groups, when the se]ectlon, co]~

lection of eggs, crossings and cultivation of the off%pr1ng were

made separate]y. In order to avoid 1nbreed1ng depre551on as much as

possible, when crossing, the males and the females’obtaIned from - -

different sub-groups of each line were combined. THe‘offspring were
cultured in 3-5-culture grounds. The sub-group mean values and thOSé

“in thc.cuiture grounds were corrected by a multiple-nursing method

developed in the different experiments (33) and shown in FIGURE 1.6.
Rs shown in FIGURE 1.6, similarly ﬁp.the;experiments described
previously (9,32), the selection response has a negative tendéncy

with regard to the body weight gains in the "lTarge" direction.

Aécdrding to Moav (15) it was cons1dercd that the above re-

sults were caused by the fact that the populat1on used for this ex—f

-

.por1ment reached a selection plateau, reta1n1ng large genetlc varia-

tions of the character and, therefore, the genet1c and evolutionary

.mcchanisms of this character were studied. On the other hqnd, it.

was reported that the selection response in the "small" direction of-

the increase in body welght was observed and the genetic rate reallzed

vas about 0.3, computed from the regress1ons obta1ned until around

“the thirdﬂgcneratlon, at the t]me when the response ceased.
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Honever, this d1fference is very sma]] when compared with the variaQ
tion between the generations. 1t was reported that the her1tab1]1ty r
ealized, estimated from. the genctic gain, was below 10%. AppTylng
the ana1ys1s of variances and considering’ the fact that a hlgh]y s1g—

nificant difference was ohserved in one litter of the 11ne, 1t is

' thought that the additive genetic variances were very few and some

other genetic variances must‘be‘important for the character under

investigation.

Moav and Hoh]farth-(9,32)'conducted selection experiments‘, '.

in three directions, concerning increases in the weights of one year

old carp bred in Israel: large, small and random. As ‘the result,

the so]ect1ve effects were scarcely found in the "]arge direction,but
it was in evidence in the "small"® direction. In

this experiment, it was arranged that the original parents of the
populalion should be kept as a control, from which offspr1ng were

bred again and also, in order to exclude the influence of inbreeding

depress1on, ‘the individuals selected from the two groups

were crossed. Since this experiment was on a sma]] scale and the

selection was for only one generation, thereafter, more accurate

eyperuments were conducted in a similar manner throughout 5 generat1o'!,,
concerning the increase in the body we1ght of one year old fish. (]o)
FIGURE 1.6 shows a summary of the resu]ts At f1rst in ]965 the
selection of 30,000 f1nger11ngs from 110 fema]es and 21 ma]es, was

made. From the following year, a.group w1th a 1arge increase in body_

weight (High), a group with a small increase.in body weight (Low), and-

a control group (High R and Low R), extracted at random from each line,

were separated.
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Chut the ratio .of the homozygotes increases, vhen compared_with the
case of a random—crossing. The difference in the gene frequeney
due totinbreeding, when cpmbared witnba case of continueus random -
crossing, 1is related to the inbreeding coefficient (F). -

are

Ma

~ When the frequency of the allelomorphs "A" and p
and "q" respective]y,fin the case of random crossing, the_gene fre--

quency is as follows, according to the Law of Hardy weinberg£

AA : Aa : aa = p : 2pq : q .

Concerning the 1nbreed1ng popu]atlon with inbreeding coeff1c1ent F,

the gene frequency is as fo]]ows

AA Aa :aa = p2 + Fpq §2pq‘~'2de : qz + th.
Fu31n0 (41,42) estimated the 1nbreed1ng coefficient of a
natural popu]at1on of Ezoawab1, using the above facts and the ‘gene
frequency governing variatidns in the esterase 1soenzyme. -Further— “
'mnre,.he considered that the appearance of abnoxmal she]]s must have
been aused by the 1nbreed1ng depress1on, because the rat1o of homo- ~
‘zygpcytes is 1arge in the annormal she]ls, ca]]ed "1ean" (rogai,in

“Japanese).

Ryman'(4) compared the recapture rates between families of.

Salmo salar of the lines -which nere not inbred (the coefficient:
F=0) and of the inbred lines, the F of which is known " The recapture
rate of the inbred line was 51gn1f1cant1y low, even WIth regard to

the voriations caused by the state of- the r1vers and years. It was
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This selection.experiment was highly precise and dgtéi]ed-

in the recordsi. a]sb, it was well planned with regard to the breed-

ing mode and the genetic background. Selection. experiments with

carp are being conducted in the USSR, concerning their resistance

.to sickness and also concerning their growth rate (34). .

Wada (35)>c0ntinued the selection experiments of the coef-

ficient of the shell widfh, using one group from the population of

the full-sib Pinctada, which had been used previohs]y for evaluation -

of the heritabﬂity (22). Wada reported that the result ob_taineq .

from the first generation (selection fromonly the "large" direction) -
almost agreed with the selection response of one generation eétim—: ‘

ated from equation (9), using the heritability computed previdué]y.

6. }nbfeedinQAand croSSing

The phenomena of inbreeding depression and heterosis have .

been known since olden times and, in particular, the latter has been

applied in breeding.  Concerning aquatic creatures, many reports are

availahle of experiment$, using Copepoda (36), oysters (37,38), car‘p‘ ‘

(9,73,14,15,39) and Rainbow trout (40).

¥

The inbreeding coefficient shows the rate of inbreeding thch
takes place in a ceftain popu]ation and, theoretically, it is defined
as thd.probébility that the allelomorphs, being combined, are homé—'
logous with their aﬁcestors. Actua1iy, the éoéfficicnﬁ of the ances-
tor,as a starting bdint, is considered to be zero and the coefficient

is shown in a relative degree to it. In a population, in which in-

Y. ' . . . ™ S"
breeding has taken place, the ratio of the heterozygotes decfease )
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considered that this might have been caused by the low survival

rate of the inbred lines.

So faf, the basic theory and recent research concerhing,the
genetics of quantitative charécters have been descrfbedw‘fuhtilﬂre?
cently, ‘the practical app]icatioﬁ of quantitative‘genetic§ ha§ been
limited to only one pért of'the fre;hwater fish. Hoﬁever; as'artiQ
"ficial'bfeeding and the culture method of larvae have :been déveWopgd,_
“applications of genetics to marine creatures are being fol;hd. This . :
also applies to the'analyses of wi]d popu]ations;‘like natural N ‘
selection and the problems of evolution. In the futﬁre, éhe }mpdff—
ance of quantitative genetics will increase in the field of sioéking
in ihe industry of fiéherfes and in their appfication to tﬁe Breéd%ng
'theory.in the équacu]turé. In order to meet this situation, it is

desirable to accumulate more genctic information concerning many

kinds-of characters among the various species.
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FIGURE 1:
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FIGURE 4: VARIATION IN POPULATION~MEANS DUE TO SELECTION

offépring

arent . ~
p generation — 3%

generation

1) & P; - l’:o 1)

Horizontal axis = measurement of quantitative character
‘Vertical axis = correlation frequency

PO = population-means of parent generation

PS = means of individuals selected

P] = population-means of offspring generatxon

R" = breakage point in selection

k = selection strength

aP = PS - Py : . selective difference.

AG = P] - Pg  genetic gain (selective response)

FIGURE 5: PROGRESS OF SELECTION EXPERIMENT FOR BOBY WEIGHT OF -
GUPPIES OF 63 DAYS OLD ‘

solid ‘line: large d]rectlon
broken Tine: small dlrect1on (njnan, 1973 31)
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TABLE 2: ANALYSIS OF VARIANCE OF HALF-SIB, COMPOSITION OF

SQUARE MEANS AND ESTIMATION OF HERITABILITY

Freédomvdegree

Square means com-

Factor Square means
: : position
Betweénifathers X -1 'MS  °“2+2062¥YZ652 f
Between mothers x(y-1) MS -dwé_+ Zodz
Between s 1 b's xy(z - T) MS o2
o . bog2
Heritability from father: h~N‘= - =
o . ‘ o2 + o2 + 042
il 2 o2
Heritébllxty from mo?her: h™N = — ¥ .7 ¥ o 7 .
o W st d .
Heritability from both ” 2(cg2 + 042)
father and mother: h NS

N A
‘-\'.l Y PO

T AR T S S e e S

o2 T og2 * a4

is variance in s.-i~b
02 is variance between fathers
'062 is variance between mothers
for X, Y and Z - refer to FIGURE 3
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TABLE 1: ANALYSIS OF VARIANCE OF FULL-SIB, COMPOSITION OF SQUARE
MEANS AND ESTIMATION OF HERITABILITY | ’
Factor Freedom degree Squaré;means - Square means composition
Between N . : _
sibs x =1 | ‘ MSS S o owz + Yobz,
- In one ' : ) : \ o
s1b X(y - 1) ] MSw : owz

5
. c e 2 _  2¢b
Heritability: hg '355“1_5§§

o2 is variance in sibs

ab2 s variance between sibs |
.for X and Y - refer to FIGURE 2




Salmon bred in the
Atlantic Ocean
Salmo salar

~~

!

Mdtured individuals,
ratio in their an
vear 7

Ditto,
year

in their 3rd

(Estimation of body

weight and length)

Fish recaptuked after

"2 years in ‘stock, body

weight

Resistance . teVibrio

. disease

Hybrids:

River trout
(Salvelinus fontona-
1is) and Laketrout
(Salvelinus namay

. cush)

Shells
Crassostrea gigas

Non-eyed eggs,survi-
val rate

Eyed-eggs, survival
rate ,
Fingerlings,
val rate
Resistance. to. blue-
suck disease .

survi-

Resistance to mal-
formation

12 month growth
Shell ‘height (H) . -
Shell length (L)
Shell width (W)~

< o o o

(Estimations of: H+L+W,

L/H;

survival and sett-

" ling rates of spat; of

. above charact ,
o w?ole an ?Tswe1g%t5
0

months?

TABLE

re

(99 IS

(continued)

>. o

o
NN RO NI
1

0.

=

TNV

22

.06
.09
.41
.76

4

-+

o H

o o o o

- 0.09

.01
.47 - 0.74
100

.1151£.0570
.0747%.

0497

.07
.17
.18
.28

.07

.27
07

.05

Half-sib, variance

. Full-sib, variance .

)

@

Half-sib, variance
analysis

Full-sib, variance 5

~analysis

Ryman

Half-sib, variance 19

Gjedrem
analysis -

Ayles??

analysis (from mother
.and father)

LannanZ]

- .analysis

Moller et al.

13

-lE-
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TABLE 3

J

HERITABILITY REALIZED IN AQUATIC CREATURES

“
3

.Species

Chéfatter

Heritability

‘Estimation method

Fish Group

Carp'

Cyprinus carpio

Rainbow trout
Salme gairdnerii

" body-length,150th day h

'Fingerlingé,morta]itY‘h

Weight gain ‘
(for 4-5 months) v

body-weight,150th day K2 =

h2

h

{Estimation of body

weight and length

on 280th day)

Body-weight of fish
2 years old

'Egg size of above fish

Number of their eggs

Quantity of eggs
Number of eggs per
body-weight

' 2

Non-eyed eggs,morta-' hg
ity " | 3

‘ ‘ : D

* Mortality of .eyed-eggs hg
hp

hf
@

QPO IND

2
S

TR
o o
Lo
~N O
o

1]
o
o
~3

4

110
. 068 -
157

101

0.20

0.2
0.19

0.20

= 0.18
= 0.86

= 0.15
= 0,27
= 0,14
= 0.06

0.20

t .081

£ .14
£ ,056

(5

045
t..031
-

.012

Selection (large)
Selection (small)

Half-sib,variance
analysis

- Full-sib,variance
analysis-

Half~sib,variance

analysis

-Gall

Bibliography

Moav & Wohlfarth®

Aulstad et aj.'®

Kanis et a})]7.'
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® TABLE 3 (continued) ® ,
: 2 .
: ’ 9 hs = 0.24
‘ 2 -
hD = 0.93
b . o . 0.18 + .104 _Regression relation-
A , “ship between parent
? 0.7 t,'061 and offspring
: o (Estimation of characters -
13 : .~ above at 15°C)
ig Algae ' ’ :
1'5 Kelp -~ = ° Stalk length in an area - o
: ‘ S with rough waves 0.10 :
: Laminaria saccharina Diameter of sulcate of < ' , : 25
: , stalk-portion 0.078 . Full-sib, varijance Chapman
(L.Tongicruris) ' Stock-portion length in ' g?algslzsgigg]?gfggn
, an area with calm water 0.64 tionsg' heteen na-
P : * Diameter of sulcate of lg P
' stalk-portion 0.239 S ~ rent and offspring)

Concerning heritability obfained by analysis of variance of half-sib, h2 was estimated from the componer
Y variance of the father; whereas, 2 was estimated from ‘the component-%ariance of the mother;
¥ (reference to TABLE 2). 1D , ' '

-gg-

*
.
N X
x]
R
‘
H
*
o
3
X
}
.
31



| . o o TABLE 3 (continued)

' Pinctada fucatz Charactérs after 1" 'year

: : Shell height (H) - 0.32 £ .29

R . .Length of hinge line {L) 0.05 ¢+ .08
_ ~ . "Snell.width (W) 0.36 + .32

? : : Coefficient of shell K , } ' _ 29

| netant , 4. N 0.58 + .43 - Full-sib, variance  Wada

| Coefficifnt biTh¥nge 1 . analysis

; line length:y L~ N 0.57 £ .43

; {H+ L+ W/

i Coefficient of shell '

{ width: W ) '0.49 £ .39 .

: H+ L +W '

) (Estimations of: above
B - character,; shell weight

= wet and dry; also color
- of pearl-layer of 2nd yr.)
B ‘American oyster:  Growth of spat (size).
B Crassostrea virgnica 6th day after.fertiliza- ‘ _ o 2
1; « "~ tion ' - 0.09 - 0.5] Full-sib, variance  Newkirk et al.™
B .Ditto on 16th day 0.60 : : - analysis o

3 Ditto -on-6th day 0.26 - 0.39 Half-sib, variance

i , Ditto on 16th day 0.59 ' analysis

-é  Eurytemora herdmani Maturat%on»day (10°c) h§,= 0.10 '

§ he = 0.42

i , w2

i ‘9 hg = 0.20

i 0% = 0.00)

'z Mortality before matu- hg = 0.0+ .107
i; ration (10°C) 5 . ' . , 4 o
| . S hp = 0.08 +.. 111 Half-sib, variance McLaren®?
‘ ‘Sex ratic (10°C) hE = 0.11 .+ 218 analysis
B b5 = 0.13 & 221

3 . Mature body~size (10°C) @§=.0.00): ' o
B s '
g ‘® he = 0.75
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ARTICLE 2

Author: Kazuo Fujino
Kitazato Un1vers1Ly, Fisheries Faculty

'BIOCHEMICAL POLYMORPHISMS AND POPULATION GENETICS

INTRODUCTION a ' :
At the beg1nn1ng of the twent1eth century, studles of the'

biochemical polymorphism of marine an1ma]s were st1mu]ated by the

discovery (1,2) of the A B 0 blood group system and Forssman' s_anti—

gen. the blood group of domestic anima1s, discovered in 1920, and

~ a]so the deVelopment of studies of the genetic polymorphlsms of pro-_

tetns by ge]—e]ectrophores1s. At f1rst, ‘the studies concerning the
blood group were commenced in Japan and the USA, arodnd 1950. Thésc
viere fo]]owed by expans1on of. the studies concerning proteln po]y—
morph1°m, about 1965; finally, these StUdlCS reached an outstanding
development in many cotintries of the world{l). The number of species
of marine animals studied was about 200, which_great]y exceeds the

number of dbmeStic"ahimais and wan combined. Although polymorphism

had been app]1ed to the 1dent1f1cat1on, classification and evo]ut1on

ing

'stud1es of tho bred/popu]atlons of fish and other marine animals. as

an index- character (2, 3 4), these stud1es genera]]y rema1ned only
w1thln>the range of~deve]opment of ana]yt1cal techn1ques and describé
fjons‘of the variations of polymorphism. Studies of the biochemical

significance -of polymorphism remained few.

TABLE 1 shows an application of protein polymorphism of the

blood group to marine animals, as compared with the cases of man and
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TABLE 4: PHENOTYPE CORRELATION (UPPER LINE),
ENVIRONMENTAL CORRELATION {MIDDLE LINE) AND
GENETIC CORRELATION (LOWER LINE) ‘
BETWEEN THE REPRODUCTION CHARACTERS OF‘RAINBOH TROUT.

(Gail, 1975, 3)

Numbér_of eggs
per 100 g. of

Character - Number of eggs Volume of éggs Body-weight
' i body-weight

" Size of eggs s | -.45 .19 .26

.20 -.38 01 a1z @
L09+.17 -.55x.12 -.46+.13 A7£.13
Number of eggs ' .78 - .35 .51
‘ : .78 .33 ’ . .58
JA7+.07 - .39+.14 o ‘4]i']4;
Volume of eggs o ’ .43
. . N . -34
.56%+.11
| Body-weight B 4 ' V ) : ~.50
: ' -.42

L -.61:.10
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ing combinacions'of antiserums: Anti. 53(03) - Anti.. Y,, Anti. S, -

Anti YZ’ Anti. Y2 - Ant1.Y], and I\nti—S2 - Ant. Sl - Anti. Y2. The

numbers of their-a]]eiomorphs are also shown ‘Mode]s 8 show the

bas1c electrophoretic pattern of the prote1n or the enzyme po]y/mor~

phwsm, and they correspond to the case when the number of al]e]omorphs‘

is two (monomer) and three (monomer, d1mer, tetramer)

Nhen'the~a]1e10morpns s determ1n1ng the polymorph1sm, are L

‘equal w1thout any dom1nant or recess1ve re]at1onsh1p, the_number of

allelomorphs is n; the number of phenotypes 1s_.n(n+1)/2, _This

case is shown in models 1,5,6,7 and 8. Since either dominant or re-.

cessive relationship is found between the allelomorphs in models 2

v

and 4, the number of phenotypes is lower than in the former,caseé;
However, in either case , whether the re]ationéhipvbeiween thevaT1elo—

morphs is equal, dominant or recessive, the gene frequency and a]so

- the thvoret1ca1 frequency of the phenotypes (i.e. the expected va]ues)

can be obtained from the observed values of tne.phenotype frequency

found in the population, as will be described later (.ref.: Hardy:

‘Weinberg's Law). As model 3 is a sub-type, the Hardy-weinbérg's Law

-cannot be applied to this case. A]so, as th1s model is not related

directly to the fo]1owing study, the exp]anat1on for this mode] is ‘

omiited‘here.

R R

Hnen the entire popu]eiion is genetically‘ﬁomogeneous and -
also crosses'at random; a certain genetic eqoifiorium i§ established
among the phenotypes appearing. - For examp]e,‘fn the case of mode}s' o
1 or 5 in FIGURE 2;},when fhe‘three phenotypes arefA, a and Aa and when

the frequencies of the two.a11010morphs, A and a, determining these

R N % e Ay, Y O TR 0 T e
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domestic qnima]s. Since Ehe anafytic techhique of protein polymor—.
phism of the blood group has now been developed sufficiently well |
and;a]ready has been reported in books, in this paper, the basic,as- 
pects required for the ana]yeis of.population genetiCs maih]y are dis}-
cugsed‘ as well as the b101og1ca] significance of po]ymorph1sm. 'In o
‘additfon, the poss1b111ty of the app]1cat1on of genet1c po]ymorph1sme

to fhe breeding of aquat1c creatures in the future will be stud1ed

1. Basic aspects - Genetics and the Ana]yt1ca1 Techn]que of = _
e : Polymorphmsm o "

The blood group1ng of animals is po]ymorph1sm c]ass1f1ed ac- .
coxd1ng to the genetic variations of the immunological spec1f1c1ty
of antigenic substances on the surface of cell membranes of the red
blood ce]]é The classification of the blood type depends upon the
tedctlons of the agg]ut1nat1on or the hemolysis of the red b]ood cells

to the type-specific antibodies in various ant1serums.

The po]ymo?phiqm'of water—so]ub]e proteins and ehzymes is c]asQ

s1f1ed by the genetic differences in the charge and the sue of the 1‘

lecules. These d1fferences are shown by gel- -electrophoresis. and by _
e]ettrnphoret1c dlfferences in the pattern of histochemical staining.
Concerning marine ]ife;'the aﬁa]ysis of po]ymorbhism‘has been studied

- for many proteins and enzymes.

FIGURE 1 shows the basic pattern of the b]ood types actua]]y
observed in marine animals, also ltS e]ectrophorehc dIfferences
"Models 1-4 are found, for examp]e, in the Y blood type system of

Katsuwonus pelamis (4). These models correspond to each of the follow-

v s 4 YA A P T Y 7 S WA S A1t T T g P
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In this TABLE, .F is an indéx showinj the degree of inbreeding and is
called the inbreeding coefficient. - It becomes closer to F = 1 from

F = 0, with crossings at random, as the inbreeding progresses.

TABLE2A4 shows the'qenet1c frequency in Hardy- Ueinberg's equi-
: and fully homozygote populations. -
11br1um, 1nbreed1ng/ When using the inbreeding coefflc1ent F, the fre-
'quency of heterozygotes (A/a) in an inbreeding population decreases
by 2FDq, when compared wlth the value of a Hardy-l!e1nberg S equ1-j
" _ .-11br1umfpopu1atjon, and the frequenc1es of the homozygotes (A/A dnd
a/a) incncasc each by Fpq. This relationship is called S. Wright's

equilibrium condition and, based on the data obtained from'é_popn]a¥5

tion, it can be used to estimate the inbreeding cocfficient..

- Differing from thé.above, the inbreeding noefficiént also can
be. ca]cu]ated as a poss1b111ty when thc two genes of the homologous
gene locus in a spec1f1c individual are prec1se]y the same -‘genes

- derived from the same ancestral gene. However, the re]atlve descrin—.
tion is omitted heré (Metﬂév et al.,5). .

,-‘
4 ky

2. Biological Swgn1f1cance of Po]ymorph1sm

Py

It has not : " yet been clarified uhether;or not there . are any
'hinchemical on phys{o]og1ca1 d1fferencos in the genetic po]ymorph1sm_
_ofmanfsior thé animal b]ood groups or in the protc1ns and enzymes

of animals and p1ants, also whether there are any d1fferences or not

in the breeding and surv1val'rates.1n the polymorphism, that_ls,.whethen
“or not there is an adaptive value. However, récenf]y, concerning the‘~.
-pquat1c creaturcs, the ex1stences of .the above aspects were rcported

one after the other. The main aspects from these re ports are descr1bed



30~

phenotypes, are. each p and q(pfq 1), the freqency of these three phe--
notypes is formed as pZA + 2pgha + an = 1 (FIGURE Zi). This rela-
tionshfp is known as Hardy-Weinberg's Law concerning the genetic equi- -

librium.

fTABLE 2-2 shows the mefhod to’obtain theigenetie frequency from
fhe observed values of the phenotype frequency and perm1ts ca1cu1at1on»
of the expected frequency of genotypes (or phenotypes) in the cases. of
Lhe three a]]e]omorphs In ‘many reports concern1ng the popu]at1ons of
aquatle creatures, genera]]y t h e. frequency observed dgrees very
vell with the e_xpected frequency . Therefore, the umversa] vahd]ty.

of ﬂardy-Heinberg's Law is confirmed.

In contrast to the'random crossing of the individua]s~in a’
f.populatlon, as descrxbed large popu]at1ons are divided, more or 1es&int
smaller sub populations, accordlng to the cond1t1ons which exist in

“the areas occupied by them. As the result, Jt has actually beenAOB-
served in the natural groups that the crossings are made'between_7
1nd1v1dua1s of closer re]at1onsh1p than the average in a popu]atlon

) Thls is ca]]ed 1nbreed1ng and is accompamed by several mportant an‘
1nterest1ng genetlc phenomena. The most remarkable is an 1ncrease_1n._

the.number of homozygotes.

The closer the blood relationship, the hiQher the rate of'in-}
cre:se-1n the number of homozygotes . Simi]ar]y to the examples fn~
FIGURE 21 TABLE23 shows the increase in the homozygotes (A/A and a/a)
and also a decrease in the heterozygotes (Anfa), when a Hardy-Weinberg's
equ111br1um popu]at1on W1th two al]e]omorphs A and a (p=q=0.5) parti-~

cipated to the_highest,degree in the inbreeding, i.e. a regu]arAse}f—
fertilization. '

B To NSRS i e ek A b o 8 g S R AN PP 0 O ot B AT 5 e 8,8 AL ¥ o AR TSR K S S A2
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polymorphism of Katsuwonus varies according to the age. A similar

phenomenon was observed in the esterase polymorphism in the digestive

diverticulum of Haliotis discus hannai 'INO (8).

(3) Growth rate or the rate of Qeight gain-

“As described previously in (2). according to Mclntyre'et al. (7),.the-

’growth rate of coho sa1mon W]th type AA of the serum transferr1n poly-.

morphlsm is- h1gher than "that with type AC Slm]]ar phenomena were a]so‘

.reported concern]nJ the serum transferr1n po]ymorph1sm in Ra1nbow

trout, Salmo. ga1rdner11 (9)..e, and a]so Lake trout Sa]ve]1nus nama-

ycush (10).

(4) Adaptability to more expansive areas

Arcoxd1ng to Koehn (11,12), the enzyme activity of three types of the

a/b b/b

a/a and Es-1I , in freshwater fish bred

serum esterase, Es-1 Es-1

in Neth Amer1ca, "Catostomus clakii, shows a correlation,to_the tempe-

rature. Es- Ib/b showed high activity at ]ow'temperature; _Es--I-a/a
A a/b ‘

at high temperature, and Es-1 at med}um ‘temperature. On therother

hand concern1ng the frequency of the presence of the three types in

a- u11d popu]atlon, Es- Ia/a’ the act1v1ty of wh1ch increases at h1gh o

Ntemperature, appeared with great frequency in the 1ow latitudes (1 e.

[)/b

the areas with high temperatures) but Es-1 appeared 1nfrequent1y

The re1at1ve frequency of the po]ymorph1sm var1ed with the different

‘.Alat1tudes and, 1n the h1gh 1at1tudes (i.e. areas w1th ]ow temperatures)

the frequency was contrary to that in the Tow 1at1tudes A]so, 1t is’

"~'reported that ‘the resu]ts show the ex1stence of an adapt1ve va]ue due

'Lo the dlfferences 1n the phy31olog1ca1 funct1ons of enzymes (FIGURE24)-
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in the following.

(])-Ferti]ization rate

FUJuno et a] (6) compared the observed frequency (0) of the serum

tnansferr1n oF hatguwonus bred in the Pac1f1c Ocean and its expected

_frequency (E) obtained on the basis of Hardy- HeInberg s Law Then it

was estah]ished'that concern1ng the three phenotypes (2, 3) >

the O/E value is smaller than ] in homozygotes (types 2 and 3), but

Cthat it is larger than 1 in heterozygotes (type 2. 3), and that in .

both cases, it comes close to ] with the increase 1in body ]ength (age)

(TABLE25). Th)s shows the d1fference in the re]at1ve surv1va] rates

in the transferrin polymorphism of Katsuwonus in part1cu]ar the pre- -

sence of over- dominance of the heterozygotes (heterosis). That xs,

the fe\L1]12at1on rate or the hatch1ng rate is highest in. type 2.3,

which are heterozygotes fo]]owed by types 2 and 3 or homozygotes, .

whlle ‘the relative survival rate durIng the grow1ng process after
hatchlng shows a drastic decr ease in the heterozygotes rather than

~l;he_homozygotes FIGURE2.3 .shows the adapted values in the d1fferer.

polymorphiﬁms, ca]cu]ated using TABLE25. This FIGURE dlso shows the

~differences in the fert1]12ation rates (or the hatch1ng rotes) among

the'polymorphisms ddrihg the developmental stage.

(2) Survival. rate

Helntyre ef al. (7) observed an art1f1c1a]1y crossed population of coho

‘sa]mon, Oncorhynchus kisutch, bcfore stocking, and reported that > fn

the serum iransferrin po]ymorphism, AA, . AC and CC, both the survival
and growth rates of type AK were higher than of type AC. 'As descr1bed

prevfously in (1), the relative surv1va] rate of the serum transferrin

T LA I L SR S B Y XS gt w1 o e
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and the ability to carry oxygen by the hemoglobin polymorphism of

a hybrid of Lepomis cyanellus x Chaenobryttus qulosus (16),.'the

phenomenon of heterosis has been reported.

_On.the other hand, it is expected that_the’corre]ationibet—i.f
Qeen the po]ymo}phism and the-immueity to disease; foend in domestic .
anima]é (for eiamp]e; the B-type blood group in chickens),will petv H
found-fh aquatic cfeatures in the near. Futufe' In geheraT it'is:
- con§1dered that the corre]atlon between blo]og1ca] po?ymorph1sm and
the h1o]oq1ca1 characteristics is caused by (1) the p1e10tropwsm of
:~the genetle function; (2) linkage and (3)super dom?nance of hetero—
zygotev, Also, some Scientists of'mo1ecu1ar Qenetics, popu]ation
qenet1cs and evo]ut1on cons1der that a spec1f1c phys1o]ogwca1 d1f-_.
ference cannot ex1st between 1nd1v1dua]s with the enzyme po]ymorphwsm
qhowlnq the same cata]ys1s‘to certain specific b1ochem1ca] react1ons._‘
Howevevy, as shown in the e]ectrophor1c mob1]1ty,,there are obv1ous
differehces in the physio]ogicaT'character amoeg'fhe poiymorphism
molecules. That fs, accordihg to the different physiechemica1 éondi- 
tions of the bedy fluid (one. of the factors of the body—iﬁterior) the °
enzyme po]ymorph1sm funct1ons from its product1on area and moves at
‘a d1fferent rate of ve]oc1ty to d@another area to be consumed. "It is
cons1dered that th1s aspect to some extent may cause d]fferent con-
centrat1on$ of the enzyme po]ymorph1sm,.and, therefore, may - also CHUSG‘f

different physiological activities.

When considering the above, without regard to the different
physiochemical qualities in the polymorphism molecules, the opinion

that there is no difference in the physio]pgical activities amengj
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FIGURE2S5 shows the existence of adaptive values represented by

. the corrclation between the latitudinal temperatures and the genetic

frequency of the three enzymes of the American ee],'Angui]]d‘roStrata,

sorbitol dehydronase enzyme (SDH), phoSphohexose~isbmerase (PHf) and
alcohol dehydrogenase (ADH) (13). As described, it is considered that

the phenomenon of the corre]at1on betueen the adapt1ve values. of the

'p01ymorphtsm and the 1at1tudes (1.e. temperatures), is one of the Imi

portant b051c factors 1in the study of adaptab111ty throughout the nore

expansive arcas for the purpose of breed1ng.

.(5) Other physiological activities

A of the LDH bo]ymor—

Concerning the a11e10mqrphs'1dh HaB and Idh.Ha
phism ih the liver of Rainbow trout, Tsuyukf et al. (14) bred a homo -
zygous line by artiftcia]bcrOSSing and cOmpared the swimming durab:

ilitylexperimental1y."'As the result, the mean time, required until

50% of -the fish tested of all ]ines, became exhausted in a certain

A A

velocwty of Flow, is 2.3 times ]ongcr in the group of the Ha Ha

B

“thav'in the group of the type HaB Ha". Furthermore, concern]ng Stee]-

head (_c_;_xﬂ_c_e_x_drbm_g't_@ Ra.i.'n'bow trout) from a wild population, the three .

types HaA HaA, Hal HaB and HeB Hag’ mere compared, similarly to
the+above. Mo significant differences were found among these three
types, or between HaA HaB ‘and Haq HaB;

However, d1fferences vere found between the two groups bred

ih_different areas. That 1s, the mean time requxred unt11 50% of

fish bred in the'Thompson River became exhausted was 3.8 times longer

than_that_df the fish bred in the Vedder River. Furthermore, concern-

ing the oxygen affinity of the hemoglobin polymorphism of rabbints (15),
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cstnb]ishing soecies and lines. The practical theory and the methods
involved have already been discussed in the paper, "Biochemical iden— 

tification of fish species" (4).

(2) Analysis of breeding strocture, specifical1y inbreedin

“As described in a paragraph of Hardy-Weinberg’s Léw,'according to reports
.'concernwng po]ymorph1sm 1n aquat1c creatures,_many m1grat1ng fish w1th
“sfronq sw1mm1ng stamwna, breed at random in large w1]d populat1ons.

“However, recently, the overdoninace of homozygotes in Husse]s myt11us

ggTifqrnidnus (20), ]obsters (Homarus amer1canus) (21) and Ezoawab1 (Ha—

liotig_discus hannai, INO), which are 1nvertebrates, has been reported
frequenf1y. The overdominance of homozyqotes means that the observed
frequency in homozygotes is higher than expected based on Hardy—weln—
berg's Law of~genet1c equ111brium. However, the observed frequency in
heteroz}gotes is lower than ekpected. Nito regard to the cause of this,

the following two cases can be considered.

One is the case of breeding by individuals belonging to several

‘'sub-populations with different genetic frequencies; -and the other is

the case of inbreeding by the individuals described above. 1n.the for-

‘ mer . case; gencrally it is difficult to check the deviations from the

equilibrium, using samples obtainable, unless the difference in the

genetic frequencies between the popu1atiohs'is significant.

Concerning these relationships, Fujino (22) made quonfitative‘
analyqo . In both cases, this phenomenon occurs when the entire popu-
lation is not homogeneous but consists of several small sub popu1ations.

1f this is in evidence, then it is possible to distioguish the above-

two cases.




-44-

individuats with different phenotypes, seems too weak to be persua-
sive. The future accumulation of relative data on the above’aspectseA

will provide a solution.

3.. QgiTization of Po]ymorphism for Genetics and'Breeding

There ‘are. many reports about the re]at1onsh1p between po]ymor—'
phisw and biological character, but, as has been described earller,
some of these reports cannot withstand criticism of the1r‘samp]1ng

or their interpretation of data cited. There are many examples of

maringe life, in which po]ymorplnsm is corre]ated with biological '
characters. These observations encouraged the us e‘of polymorphism for
selectlve breedlng. This section will deal with the urob]em of wnether 
po]ymorph1sm, wwthout‘adaptfve_values, is useful in geneticeiand-fn. |

breeding.

(1)'Identification of wild populations, species and lines,
With advances‘in‘breedinq, a]though some species with certain charac-.
ter1sincs may have been cu]t]vated the wde populations of these

spemcc are- still sources of genes for making other new types w1th d'

ferent character1st1cs This has been demonstrated in the breeding of

aqr:cultura] cropq and domest1c anwma]s In particu]ar, concerning

uquatxc creatures, the breed1ng studies of whxch are still 1n the

state of 1nfancy, the volume of knowledge accumulated systematically
about them is bound to affect the future deve]qpment of -the breedlng

studies.

The nenetic frequency of polymorphism is useful as an index

for identification and classification of wild populations and for
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abnormal shells are d1st1ngu15hed from normal shells when using the

ratio between the weight of the soft t]SSUQ and the weight of the

entire body (FIGURE25). As the result, the following aspects vere

.clarified (23)-

(3) The overdomlnance of homozygotes in the F zone was‘

more not1ceab1e in the abnorma] she]]s than in the norma] she]]s. ‘

(4) A1though the normal she]is showed & superdomlnance‘

of heterozygotes in the-M zone, the absorma] shells showed an overdo—

- minance of homozygotes in the same zone.. The d1fference between both

groups leached a stat15t1ca11y s1gn1f1cant ]eve] Based on the obser-
vation resu]ts above, it was reported that the presence of the abnor-:
malushclls is a phenomenon connected with the inbreeding depress1on;
relative to the inbﬁeeding structure. [Life‘activity decréaséshdué tb

inbréeding. As a cause, it is considered that inferior and harmful

‘genes, as heterozygbtes (carrier), in a popUIation with superior'andv‘

-

nowma] genes will appear due to the 1ncrease in homozygotes acc0mpan1ed
by inbreeding.] That is,. accompany1ng the progress of the homozygos1s'
in all genct1c loci by 1nbreed1nq, the recessive and harmful genes

alSd'bécome homozygotes._ Thus, individuals with low phys1o]ogica]

>

‘activity stand out.-

For e ample, it is considered that, when'physiochemical or bio-

.]on1ca] environmental factors become worse (such-as a drastic change

in water temperature or food shortage due to overcrowd1ng), the indi-

~viduals with such low activity develop abnormal shells due td‘physiolo—’

" gical disorders and malnutrition
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In order to distingujsh these two cases, the invesfigatiqn area
has to be selected proper]y, as samp]es‘must be cd]]ected~repeated1y |
from the parent popu]at1on Then, studies are made as ib whetherAer
not the d1str1but1on of the genetic frequenc1es of the samples con-
'vergo to a certa1n va]ue, also, whether or not they are d1v1ded 1nto;
the same.number of subfpopu1at1ons as expected.. These aspects have

not been studied sufficieht]y in the report concerning Mussels mytilus

californianus, and lobsters (Homarus americanus) mentioned above.

In the following, the results concern1ng Ezoawab1 (Ha11otis ‘discus

hannm _INg). observed by the author, as well as their apphcatwn to .

breeding’, are described.

As part of the genet1c study of Ezoawabw, us1ng the samp]es
obta1nod repcated]y from the1r wild popu]at10n in the water area . around
a pen]nsula, 10cated at Sanriku- cho, Iwate PreFecture, Fu31n0 (8) ana-
lyzed the esterase po]ymorph1sm in the digestive d1vert1cu1a and clari-
fied the foJ]oang: (1) six phenotypes controlled by three equa] alle- |

lomorphs were found in the F zone. The appearance rate showed a re—‘

markable overdominance of Hmnozygotes and also showed inbreeding in ‘
the w1ld popu]at1on (2) Sfx ﬁhenotypes controlled by three'equal
a]]e]omorphs in the M zone, which genetically is 1ndependent from the

F zone, and also a. superdominance of heterozygotes was observed.

Aso, abnorma1'ehel1s.of 1ittle’commercia1‘va1ue, which are:
called “"Rogai" (1cen shells) .by fishermen , were. infrequently found in
catches (QSua]]y,‘]-Z%)} thesc were compared with normal shel]s.’
Fishermen can extract these abnerma1 shei]s from their catches when

sh%pping by 6ﬁserving the appearance of the shells. Furthermore, these
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genolypes. of nine genetic 1oc1 in each normal She]1 (Fujino, 24).
" In this TABLE, there are four individual shells w1th homozygotes at\A

all their nine genetic ]oci*(Nos. 2, 16, 17 and 20). It is-expected

that individual shells with y5.,,vq5tes at all nine loci of po]ymor—‘b
phiqm 1nr1ud1ng a genetlc locus determining unknown performance tra1tg
'have 3 h1gher probability to be homozygotes than other shel]s, because
the homozygosis, due to inbreeding, affects a]] genet1c 1001, as was

| mentxoned prev1ous]yl* At present, no linkage has been found in these’

‘gene loci. ]

As an examp]e of performance tra1ts, the rat1o of the we1ght
of the soft body port1on to the who]e body -weight, SP/BN (FIGUREZG)
was. se]ected and the distribution frequency of this value is shown f-i
in FIGURE27, according to: abnormal shells, norma] shells and she]]s‘

with homozZygotes at all nine genetic loci.

“As is obvious from this FIGURE, the mean value XH of tne she]lﬁi
with homozygotes at all nine genetic loci is higher’than the mean value
XN of normal shells. This fact shows that the individual she]ls with‘
homozygotes at all genetic 10c1 have greater probab111t1es of having

-superior : :
domxnnnt/genes in the homozygotes at genetic loci, cons1dered to be .

polygenes, determ1n1ng the performance trawts, than~the other shells.

Therefore; genetic improvement is expected by se]eetien andi‘
breeding this type of individual shells.( Af present, po]ymorphism‘is
'chccled after breeding, sacr1f1c1ng parent shells The she1ls neededv
are retained, but the shells bred but not needed are abandoned. ‘How—>

cver. it may be possible to breed selectively w1thout destroy1ng‘the_
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(5) Fujino (8) also conf1rmed that theﬁuperdomlnance
or hetctozygotesyggund in the M zone of the esterase of norma] shells,
therefare, the adapt1ve value of po]ymorphlsm shows a correlation. to
age (TABIE?G) This is the same pHomenon as the adaptwve vlues of -

polymorphism of the serum transfcrr1n in Katsuwonus, shown in FIGURE

23, which varied according to age.

‘Recently, the constituents of the digesii?e diverticula of

Ezoawabi (Haliotis discus hannai_INO) and also of their sheil muscles

were analyzed further. Biochemical polymorphisms were found in 7 ge—'

netic loci: 1eucjn aminopeptidage (Lap), tetrazolium-oxidase (To),
malate dqhydrogehase (Mdh’, phosph§g1ucose¥isomerase (Pgi), malic
enzyme (Me), etc. In most or these, the overdominancevof-homozygotgs“
was found, caused by‘jnbreeding. Consequently, polymorphism was found
at nine gehetic loci of ﬁzbawabi, including the esterase menfionéd.
prevfous]y (24) (this number is close to the haploid number df ‘

Ezoawabi, n = 10).

Fujiho (23) adapted the observation results of the wild populati:

mentioned (1-5), to the essential part of breedipg_studies fn agricu

tural cvops, particularly corn»(Fisher, 25). He also presented a "Se-

(4

lective breeding gquide how to increase the production of Ezoawabi"

~ (TABLE27). "The case when more than onc, or many, individuals, compris-

ing one wild population,are used as experimental material,was studied.

- When experimental material is used from other wild popu]ations,'an

accumulation of systematic data concerning their characteristics is
needod The application of polymorphism was studied in order to estab-
11qh qpec1es with superior performance traits, suitable for the selec-

tion of parent shells. TABL[28 shows the examination results of the

o WA o B S A L e T 0 S N ST ST W i R T TS T € e




1yzed qhantitdtive]y (28.29,30). According to these analyses, it has
beeh reported that the increase in the appearance rate of malformatioh,
the decrease in the rate of feeding-efficiency, or‘the hatevof weight
gain, and the decrease 1n the survival rate were observed more notlce—'

ahly in the 1nbreed1ng group, as compared w1th the outbreedlng group

It has also been reported that the damagekdue'to-inbreeding o
"veached 24-31% in fish body- welght and 16-22% 1in the number of sur- -
viving fish. As 1nbreed1ng depression appears in manyother aspects as

well , this effect is often more exten51ve.

IThssen (30) ufqed the necessity in équacuttufe'to hvoid the-

" bad effocts, caused by the inbreeding depresston in seed product1on

Tn the fo]]ow1ng a case when parent f1sh (she]]s) obta1ned from a

wild popu]at1on, are used for sced production_ is descr1bed As a1ready
mentioned, it has been clarified that there are some aquat1c creatures
which inbreed in thexr w1]d state. This fact shows that, a]thouqh:
there are same differehces; there is a poséibi]ity»fof ptogress\in
,Vinbreehing fhéquency by seed production.

It is considered that the facts described above show the

1pcess1ty ta study genet1ca1]y the prob]ems, including ma]format1on'
accompany1nq the seed product10n of aquatic creatures. B1ochem1ca1
polymorph1sm will be useful as an index, showing the inbreeding’

" progress-degree.

(4) Others,
Together with the method of cell genetics, biochemical polymorphism

can. be used for identification of the genetic loci and for drawing
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followed by artificial breeding.
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parenp.shells, if polyworphism cnﬁ be testéd by‘taking a Sﬁa]} portioﬁ
of tissue, using.anesthesia;) In this case, it is considered that

XH ; X” corresponds to the response to selection (26), the genetic
gain, or the selective advance, when selection is made 1in gene§a1.

Also, with the increase in the number of genetic loci‘of'bjo—.

chemical polymorphisms as an.index, more genetic gains can be expected.

Using the offspring generation obtained as above, after elimina-
tion of the inferior or harmful genes, appearing infrequently, due to‘

repbt|t1ve umreedwng (shown in 2(2) in the Practice of Selective Breed-

_1ng in TABLE27) or parthenogenes1s, new: spec1es are estab]1shed So far, .

the case of SP/BW has been described as a selective index. A similar me

- thod can be adopted to the growth rate and other quantitative characters

FIGUR .
. As mentioned prev1ous]y, repet1t1ve breed1ng is necegsary %nzd%L‘

der to‘estab]1sh species. It is considered that 1nbreed1ng in the wild

population of Ezoawabi is one way of breeding artificially. It is
also considered that utilization of biochemica] po1ymorphism can be

an effective supplementary method, when- the inbreeding structure is

(3) Index of inbreeding in aquaculture

v

At ﬁrcsent, in order to procure parent fish (shells) for seed produc-

tion, the following two ways are followed: they‘are’obtaingd directly

from a wild popu]atioﬁ and also. by means of artificial breeding.-
Recent]y, concerning the ihbreeding depression of Rainbow trout, a

typ1cn1 case of the 1atter, the results of comparison of the charac-’

tPrs between lines w1th d1fferent frequencwes on: 1nbreed1ng were- ana-

&
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Thern. the application methods must be different for the cases -

when there are differences in the biochemical and physiological acti-

~vities of polymorphisms and when adaptive values exist, i.e. differ-

ent from the method used in a neutral case. A neutral case will

play an important role as an index in the monitoring of the breeding

structure and its effect on wild populations, particularly concern-

ing the inbreeding structure or artiffcia]~inbreeding in aquaculture.
Therefore, no developments in the genetic and breeding studies

of aquatic creatures can be expected, if only analysis of the phenome-

na is realized from a narrow point of view. It is considered that

the overall attitude must be one of dedication and a multi-faceted

pattern of studies on a wide scale is. indispensable.
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chvomosome diagrams, using hereroploid, chromosome polymorphism, or

polymorphism in interspecific hybrids, as experimental materials.

Furthermore, in recent years, a correlation between the pre-

sence of function and the activity of enzymes, accompanied by the dif- 

~ferentiation of organs and tissues in their diffefent stages of de-.

velopment, has been perceived, and also its app]ication to deve10p¥'

mental genetics (31).

4. S ummar.y

When looking back over the last quarter‘df a centuary, stu&ies
of bjochemica] polymorphism, which stafted as studies of blood jroups.'
and devé]oped to studies_of protein and enzyme po]ymofphisms, haVé
advanced drcatiy However, it is regrettab]e that sfudies of poly-
morphtxm of ant1bod1es. including the- b]ood groups, have lagged . some—‘

what behind due to technical d1ff1cu]t1es and the lack of well- def1ned '

purpose.

It is considered that the genetic and breeding studies concern-

lnq Sdinmunity to’ d1seases in aquat1c creatures, also stud1es of the- corre
lation betweon the serological character and the sensibility as a

receptor of bacteria and viruses, are very interesting and important

problems.

In the future, biochemical po]ymorphxsm must increasc its
usefulness in the different f1e]ds of genetics of aquatxc creatures

also in breeding studies as an index-character.
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TABLE 2.1: 8LOOD ROJDS AND PROTEIN POLYMORPHISM IN MEN, DOMESTIC
' JANIMALS AND AQUATIC CREATURES (Fujino,1)
Items M e n {" Domestic animals ] Aquatic
Evolution and popu- }jo Anthropolo@y : o Evolution ©0 Evo]ution,'phy]ogeny and
Tation biology , o Identification of speq classification
» ~cies and wild popula-{ o Identification of wild po-
tions pulations (families) and

- species .

0 Analysis of the breeding
structure of popuiations
and identificaticn of in-

.breeding lines
Corrglation between 0’01§nica1 medicine o Clinical veterinary 0 Adaptive values
physiological char- Blood transfusion medicine . Heterosis

acteristics

[@}]

" Abortion,stillbirth

. Analysis of chromosome
- nmutation structure

and erythroblastosis
fetalis
Twins, chimera

. Hemolytic diseases

Stomach cancer and duo+q
denal ulcer incidences
Anthrobiology .

prevention in newly-
borns . .
Identification of
freemartins
o Correlation between
.commercially valuable
“characters
Correlation’ between
blood type B of chic-
kens and body-weight,
~and rates of:survival,
-egg-laying and disease
Effect of heterosis

. Correlation between adap-

tive values of serum este
‘ase polymorphism of fish,
Numerigoi family, and tem
peratures

Heterosis found in polymo
phism of Conomurex and

"Haliotis discus hannai In

. Correlation between hete-

rosis found in polymorph-
ism of Katsuwonus and Hali
otis discus hannai Ino an
‘age

Identification of
individuals and pa-
"rental relations

~.Identification of
.d1v1duaxs

Leca] medicine
Ident1f1cat1on of pa-
rental relations
in-

o Animal husbandry
Identification of pa-
rental-relations

. Registration of pedw-

.grees

Honeat present
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TABLE 2.3: THE DECREASE IN HETEROZYGOTES WHEN A BALANCED POPULATION
| (p = q = 1/2) CHANGES TO REGULAR SELF-FERTILIZATION. - ~ -
WHEN ALL THE OFFSPRING OF SELF-FERTILIZATION ARE CONSI -
DERED, THE GENE FREQUENCIES ARE NOT CHANGED BY INBREEDIRG.
THE INBREEDING COEFFICIENT INCREASES WITH EVERY GENERATION

UNTIL ALL THE INDIVIDUALS BECOME HOMO. T
CONCERNING THE CASES SHOWN IN THIS TABLE, AS THE INITIAL
GENE FREQUENCY IS 1/2 EACH, IT IS EXPECTED THAT THE
RATIO BETMEEN BOTH HOMOZYGOTES IS EQUAL, WHEN F = 1.

ONE SHOULD NOTE THAT, WITH REPEATED INBREEDING, THE WAY
IN WHICH F COMES CLOSE TO 1.0 BECOMES SLOWER IN EACH

GENERATIOHN. .
: (Mettler, 5%)
GENOTYPE FREQUENCY
‘ ; | ! i ’ ) r ' -
Genera tian ] AlA ! Ala i cla , q. .
) ! 14 ! w ) oan ) 1.2
1 i S O A
2 mns ;- /9 716 34 14
o3 15,32 ! Coane Y s 18 12
4 . 31,64 l iz 3164 1516} 12
n i _‘_'—,(;12):_ 3 Q) | }:._(2.‘;{3)_'_. 1= 1z
© . 12 g 0 ! 2 - 1 12




TABLE 2.2
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CALCULATION METHOD OF THE GENE FREQUENCY AND THE EX-
PECTED FREQUENCY OF PHENOTYPES FROM THE OBSERVED FRE-
'QUENCY OF PHENOTYPES IN POLYMORPHISH, CONTROLLING 3
EQUAL ALLELOMORPHS. | |

THE OBSERVED FREQUENGY IS OBTAINED BY DIVIDING THE
'NUMBER OF INDIVIDUALS WITH PHENOTYPES BY THE TOTAL
NUMBER OF INDIVIDUALS INVESTIGATED.

THE SUM OF THE OBSERVED FREQUENCIES IS 1.05 also,
ptq+r = 1.0. '

PHENOTYPES

Expected frequency # s & 2r o pr
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TABLE 2.5: | RATIO BETHWEEMN OBSERVED VALUES (0) AND EXPECTED
VALUES (E) OF TRANSFERRIN IN KATSUWONUS

(Fujino épd Kang,6)

<! Gene fre-

Phenotypes ;(g ‘ . o _ . .

L s niE == _leu| quency enotypes

Fluke-distance (cm.)} '°2: ° 2.3 | 3 31'3 EJd ! 0/E K
= 0O

~ + - [ X s ‘
O E QO F.j o elo Eio B_ [T'_ci T’:f '_l":‘s_d_z:_z-s 3

31~40 0 0.0 21 23023 19.0 2 40 O 0.0 48 0.000 0.707 0.39:0.911.21.0.56
41~30 4 3.5201 203.316% 152.9 20 23.0 1 1.3 39% 0.005 0.723 0.2660.951.110.T1
S1~60 1 0.6 60 G4.3 7% 65.9 1316.9 0 0.3 143 0.003 0.559 0.3330.931.120.37
61~70 O 0.0 53 S59.5 50 7.2 8 9.3 0 0.0 116 0.000 0.716 0.2310.971.060.85
71~80 1 1.4 33 33.8 38 35.9 7 83 1 0.6 83 0.012 0.676 0.3120.931.050.84
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ABLE 2.4: GENOTYPE FREQUENCY IN THE CASE WHEN THERE
BREEDING IN A POPULATION BRED AT RANDOM;

IS NO IN-
IN THE

CASE WHEN INBREEDING TAKES PLACE PARTIALLY; ANDIN

" THE CASE OF COMPLETE INBREEDING.

“(Mettler, 5 )
Number of 1nbred l Genotype frequencv
generations S A Aa afa
0 sHarrly -Weinberg equﬂlbmum) Feo ;A 2re @ population)
and ‘over 2 (Wriaht' s gquil.) 1>r>0 p+Frq  2p9-:Fpe. @+Fdq population)
Infinity (compl ete]y F=1 i 0 - PITYIE , A

homozygot1c) . o e i e e s
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TABLE 2.7: SELECTIVE BREEDING GUIDE AS TO HOW TO INCREASE .

THE PRODUCTION OF HALIOTISADISCUS HANNATL, INO
(Fujino, 23)

A. GENETIC ASPECTS

1.
2.

Inbreeding in wild populations of Ha]%otis discus hannai,Ino.

Presence of abnormal shells called Rogai (i.e. Tean shells),
is a phenomenon of 1nbreed1ng depress1on _ _ -

Survival rate of Rogai is low.
Phenomenon of superdominance of heterozygotes.
Corre]at1on between. adapt1ve values of heterozygotes and age.

B. PRACTICE OF SELECTIVE BREEDING

1.

Materials ... more than one 1nd1v1dua] comprising one wild
population.

Selection of parent shells to establish species. '
(1) Selection of homozygotes in all biochemical polymorphisms
investigated.
Type 2.2 and type 3.3, concerning esterase at M- gene ]ocuq
(2) High ratio of homozygotes by repetitive inbreeding.
' Elimination of inferior and harmful genes.
Preservation of individuals with superior characters

(3) Establishment of species and lines hy repet1t1ve 1nbreed-
1ng and parthenogenetic development.

Hybrids from the breeding of different spec1es

By breeding two or more established species thh superior
characters, or lines, it is possible to produce and supply
consistently homogeneous seeds of hybrlds with superior

.characters.
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TABLE 2.6: ADAPTIVE VALUES OF PHENOTYPES OF ESTERASE POLY-
o MORPHISM IN M ZONE OF HALIOTIS DISCUS HANNAI,

INO . |
(Fujino, 8)
SHELL LENGTH (cm.) _ PHENOTYPES o
' . 1.2 2 2.3 . Others:
7.0~ 9.4 1 0.36 0.59 0.29 )
9.5~10.4  0.87 0.38 1 0.27
10.5~15.4 0.64 0.33 1 0.27

TOTAL 0.96 0.41 1 . 0.32
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FIGURE 2.1: BLOOD GROUP PATTERNS (models 1-4) AND
ELECTROPHORLC PATTERNS (models 5-8) OF

AQUATIC CREATURES | |
' (Fujino,1)

Blood group patterns
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TABLE 2.8:

*

f

- SAMPLE

i Es

NUMBER M Lap. S'm-u ToS
) _.;/'2_‘; 1,722 L7 l/1 1.’1
I Y S VTR V2
3T T st a1z an
e "»/;’-’“;;.4; Sl T o

5 2/2 '

. 6 2,2 ' 1/1 2742 1A
7 2/2 1 1722 A/4 2/2 1/1

g ' 2/2 |
9 2/2 |

3/3 ) 120

2/2 1 11

2/2
1722,

GENOTYPES OF BIOCHEMICAL POLYMORPHISMS IN
LOCI OF HALIOTIS DISCUS HANNAT,

MdhF
‘2,72 )

2/°2

2/2
2. "2

3/3 "

9 GENE

INO.

(Fujino, 24}):

all the homozygotes at 9 gene loci
heterozygotes at gene loci :

\[dh-S. Pyi ! Me
2/°2 i 2/2- ’ 1;’2:
a2 22 an
Tesr a2 A
_z.;'; ..2‘,:‘2— .1/'2:
”2/2 -2/'2N 1.°1

272 1/22  1/1

2/2 2/2 1/1

6/6
4/4

2/2 1/1 ¢ z./z 2/2‘ 1/22. W/
/24 1/ /2 2/2 2/2 1/1

1/22

1/1

2'/2;

2/2 1/1

3/5.-

(/(

1/22

1,/22

l/l

1/1

2/2

1/1

2/.2

2/2
2/2

w2zl w11 22
T T sz a1 22
o T d wszE s a1 22
B R S Y R S VIR V2
B Y R A 4
-13‘ - 2/.2_;,_1_./,2;‘_..;’.;--_;2: 1/1 2,72
19 h 2/.2v a .1-;\“‘ .’2-,::- i ﬁl;’l -’—-l-/l 2,72
20 “z)é'”]??’"IlT",/,'f}/F 2.2
21 ) 2/.2. a “l:;l' ) 2(: ‘;z 1/t 2.2
22 22 V2 v Vaz 1.1 22
23 2,42 .lx'z: 242 1.0 1.1 2.2
214 272 1,22 2z 1.1 11 2.2
25 285 w2z L 202

2/°2 2.2

2/2 2/2

2/2 2/" l/l

2/2 1/1

2/2 1/1.

272 -

2/2

| 9 d

T e A
“‘2-. :2—- 202 1/1
AT
2°2 22 ‘.l 1
202 232 HRS |
2 2 22 | U |
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FIGURE 2.3: RELATIONSHIP BETWEEN THE SURVIVAL RATE AND THE BODY
LENGTH (AGE) IN SERUM TRANSFERRIN POLYMORPHISM QOF

KATSUWONUS BRED IN THE SEA NEAR HANAII.

-AGES WERE ESTIMATED FROM THE GROWTH- CURVES OF VON

BERTALANFFY.
(Fujino,6)
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FIGURE 2.2: FEQUILIBRIUM POPULATION. | . |
THIS FIGURE SHOWS EQUILIBRIUM POPULATION RESULTING FROM
A RANDOM ‘COMBINATION OF THE GROUPS WHICH SUPPLY GAMETES.
EACH SIDE OF THE SQUARE IS TAKEN TO BE 1. - -
BOTH THE UPPER SIDE AND THE LEFT SIDE OF THE SQUARE ARE
DIVIDED INTO 2 PORTIONS AT A PLACE WHICH SHOWS GENE
FREQUENCTES OF ‘A GROUP WITH MALE GAMETES AND A GROUP
WITH FEMALE GAMETES (p = 0.6,.in Aj and q = 0.4, in a).
THUS, THE SQUARE IS DIVIDED INTO 4 PORTIONS BY A VER™ |
TICAL LINE AND A HORIZONTAL LINE WHICH START . FROM THE
DIVISION POINTS AT THE UPPER AND LEFT SIDES. |
THESE 4 AREAS SHOW THE RELATIVE RATIOS OF GENOTYPES
[N THE OFFSPRING OF RANDOM COMBINATIONS OF A GROUP WITH
SPERM GAMETES AND A GROUP WITH EGG GAMETES. o

THE AREA OF THE SQUARE IS 1.0. THUS, THE SUM OF THE GE-
HOTYPE AREAS IS ALSO 1.0. (L.E. Mettler et al., S

© GROUP WITH SPERM GAMETES

" A ’ [
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da
24
621

GROUP WITH EGG GAMETES

g=0}




FIGURE 2.5: CORRELATION BETWEEN THE GENE FREQUENCY IN THE ENZYME
POLYMORPHISM OF THE AMERICAN EEL ANGUILLA ROSTRATA
AND THE GEOGRAPHICAL LATITUDES. '

(Williams, 13)
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" FIGURE 2.4: CORRELATION BETWEEN ADAPTIVE VALUES AND‘TEMPERATUREs
IN THE SERUM ESTERASE OF CATOSTOMUS CLARKII, FRESH

WATER FISH BRED IN U.S.A.
(Koehn, 11)

Adaptive values
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FIGURE 2.7:

COMPARISON BETWEEN THE DISTRIBUTION OF SP/BY

IN SHELLS WITH ONLY HOMOZYGOTES, NORMAL SHELLS
AND ABNORMAL SHELLS. :

XH AND XN SHOW THE MEAN VALUES OF SP/BW DIS-
TRIBUTION IN THE FORMER THWO GROUPS.

(Fujino, 24)
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FIGURE 2.6: CORRELATION BETWEEN THE SHELL LENGTH (L) AND THE
/ RATIO OF THE SOFT TISSUE WEIGHT TO THE BODY WEIGHT
(SP/BY) IN NORMAL SHELLS OF HALIOTIS DISCUS HAMNAT ,
IND.
BLACK DOTS SHOW THE SHELLS BRED AT. REINBU ISLAND AND
IN IWATE PREFECTURE.
X SHOM THE SHELLS BRED AT OKUJIRI ISLAND.
CONCERNING SHELLS WITH LENGTHS GREATER THAN 8.5 cm.,
THE MEAN VALUES OF SP/BW, THE STANDARD DEVIATION, (@
AND THE LIMIT VALUE OF DISCARDS [SHELLS WITH 2.5% |
(LOWER LIMIT) AND WITH 5% (UPPER LIMIT) SIGNIFIC-
ANT LEVELS] ARE SHOWN. | |
IN ABNORMAL SHELLS, THEIR LOWER LIMIT VALUES ARE
BELOW THE ABOVE LIMIT VALUE. |
(Fujino, 24)
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ARTICLE 3

Author: Yoshio Ojima - |
B Faculty of Science, Kansaigakuin University

FISH CYTO-GENETICS

llw_ﬂééjmggg present aspects of chromosome studies of fish

It was very difficult to find chromosomes in fish and a paraf-
fin section methbd was used for all chromosome studies. ~In order tob
make preparations for fixation and stafning; specific training and éx—
perienCe were prerequisites. In particu]ar, it was conéidered that:
chromosomes could not be found in any tissues other than the gonad$

of men and other animals.

For studies of fish chromosomes,Atheir gonads -were used} How-
ever, the period during which these chromosomes can be observed is ex-
tremely brief. Thus, it was considered.to be best to fix a male gonad
about one month prior to spawning. Cell divfsion séarcely occurs -in
the aonads before this period; and sperm fullness, but nolce11 divi-

-

sions are found in the gonads after this period.

AMso, as the spawning period differs according to the fish
species, fish collection was hard work. Furthermore, as chromosome
patterns on the prepared samples, made by the paraffin section method,

viere extremely small, it was very difficult to observe them. Mpst of
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FIGURE 2.8: COMPARISON BETWEEN THE DISTRIBUTION OF PRODUCTION
' CHARACTERS [N THREE GROUPS: SHELLS WITH HOMOZY-
" GOTES OF GEMES WITH SUPERIOR CHARACTERS, NORMAL

SHELLS AND ABNORMAL SHELLS. Y |

. Normal shells

(*)Shells with homozy-
gotes of genes with
superior characters

>
(8]
o
e Abnorial
=4
S shells
| 9
|

— Production character

e T AT S S e A T Sy S Tt = e e g 7 -y



75~
However, with such short term cultures, chromosomes can be pre-
pared only once, and it was difficult to obtain a sufficient number of

cells from mitosis.

Concerning the chromosomal studies of mammalia, recently, vari-

ous bandiug techniques were developed, such as G - banding and C‘-

handiné. Thus, not only identification of every chromosome, but a]so‘
partial identification became possible. In order to pé%form bandiﬁg

techniques, as above, it is necessary to obtain good chrbmosoma]{pre~
pafaiions. Therefore, the author and others studied hoﬁ to establisﬂ‘

cultured cell lines from fish tissues and theybsucceeded in estabiish-

ing cell Tines from a mixed culture of scales and fins (Hayashi et al.,

9) and from cultures of eyed cmbryos (0jima et al., 10). At present,

using Lhe above techniques, the chromosomal studies of fish are ad~

- vancing rapidly from various aspects.

More than 300 research papers concerning fish chromosomes have
been preSented~throughout the world since 1960. The number of species
invesiigated was 727. Since the number of all species of fish is about

20,000, it is considered that only about 3% have been studied. Usually,

thé;fish family is divided into Chondrichthyes and Osteichthyeé.
Qyﬁlééfgﬂiﬂi afe_a]so included in the fish family. Gosline (11) divided
Teleostei of Osteichthyes into 3 large groups: the lower, intérmgdiaté
and higher groups. 'In order to further chromosomal studies of fish,
Lhe author classified the fish family into 8 groups, by adding Cyclo-

stomata., Salachii and also Palaconisci, Chondrostei and Holostei, which

— e e e

are Osteichthyes, ‘to the above three groups. Fish species, the chromio-
somes of which had already been studied, together with their. classifi-

cations are shown in TABLE 3.1.
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the chrowosome patterns were observed as dots, or sometimes as short
rods. As these patterns were not presented sufficiently well by mi-

crophotography, in most of the cases they were sketched.

[n‘195é, for the first time, Hsu_(l)Aand Pomerat (2) repofted
their studies concerning men's chromosomes, using ce1]s.cu1turéd in
'vitro. Thereaftér, studies of chrohosémes of mammalia developed r.‘a—i
.pid1y. Studies concerning the chromosomes of fisﬁ, stimulated by
fhe above studies, were deve]oped from.about i963. _Durﬁng the_ear]&
stages of these studies, the chromosomes were investigated iﬁ the fg!!
lowfnj manner: colchicine was ihjectéd into the abdominal cavity aﬁd,‘

4-5 hours later, the kidneys and testes' were mashed.

Thereafter, the dry-air method was used for studies of the
chromdsnmes of men; this method was adopted also to study the chromo-
ﬁomes»of the fish faﬁi]y. Due to the difficulty of prepardtfons for
anolysis of karyotypes, using the méshing method, no papers'wére
written concerning this method. 'Réﬁorts concerning Carassius and
goldfish by Ojima et al. (3) in 1966, formed the~first studies}in tﬁ"
world, using the dry-air method, and also making a precfse analysis

of ,karyotypes.

Cells of fish were cultured for the first time by Wolf et al.

'(4)'jn 1960. In 1961, cultured cell lines were established by Clem
ct al. (5). ﬁowever, thése cells were not cu]turéd.for the purpbsé
of chromosome studies. In order to study chromosomes; shbrteterm .
culture methods wére developed, such as blood culture (0Ojima et al.,6),

scale culture (Ojima et al., 7), and kidney culture (Yamamoto et al.,8).
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{naclivc X-chromosome in the two X—chromo;omeé in men and miée. Chro-
mosomes stained darkly by the C-band staining procedure are éonstitu-'
tive heterochromosomes. They are found universally, tend to'delay feJ
plication of DNA and contain many tandem duplications of DNA. A]éo,

it was reported that one portion of the long arm of the - Y-chromosomes
- by C-band.

~of nmen and gorillas can be stained darkly/ The chromosomal number of

Carassius (Funa) is bas1ca11y 2n, 100.- By performing»C—band_sta1n1ng’

on Yinbuna (Carassius auratus subsp.),.Ginbuha (c. a. 1angsdorfif),

Nigorobuna (C. a. grandoculis) Nagabuna (C. a. bhergef%) and Génguro—_

buna (C. a. cuvieri), Ueda et al. (27, 1978) c]ar1f1ed that two short

arms of the sccond chromosome with sub-median centromeres were sta1ned'

darkly in the female Kinbuna (Carassius auratus subsp.) (this w1]1 be
refevred to as the marker in the fol]dwing); and only one short arm of
the:chrnm050me was stained darkly in‘the case of a male Kinbuna

(FIGURE 3.1 a,b).

According to Kobayashi et al. (12,13) and 0jima ét al. (14),

1q Known that some Ginbuna (C. a. langsdorfii) are comprised on]y of

females and they breed by gynogenesis, a type of parthenogenesxs Also,

it is known that many chromosomes of Ginbuna (C. a. 1angsd0rf11) afe
trih]oidy and 150 + , and the DNA content per 6ne-ée11;is‘ 1.5 timeﬁ
that of otﬁer species of Egﬁgésllé' (There are.some other groups with
diploidy, having both males and females; and also some other groups B
with tetraploidy, having only fema]es;) Usua11y, there are three pa1rs
df'homologous chromosames in a triploidy; however in Gwnbuna (C a._"
1ang<dorf11) only two mdrker chromosomes are shown by C—band‘stajning

(IIGURE 3.1 ¢). Therefoure, it is considered Lhat the chromosomal num-

bers of Ginbuna (C. a. langsdorfii) arc not.3n and 150 &, but that it
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"tur(-d; also, mos t/them are l”reshwater f1sh, to wh1ch facts shmﬂd l’

Cyclostomata and Salachii have scarcely been studied so far.

As the numbers of species of Chondrostei and Holostei of Osteichthyes

are few. it is considered that they have been investigated sufficiently.
It was obvious that, in the case of thé lower group of Teleostei, most

studies were concentrated on Cypriniformes and Salmo-oncorhynchus.

Concerning the intermediate group, the studies vere concentrated on

Oryzias: and, finally, with regard to the higher‘group;.the studiés.of

Percop*wformes were overwhelming. That is,.the fish groups which have

been studied a great deal, are casily co]]ected and- conven1ent1y cul-
of

added that their orders include many species.

During these several years, the banding techniques of chromo—
somes, such as G - banding and € - banding, have been deve1oped remark-

ably, mainly using mammalia. However, these techn1ques wvere scarce]y

appltied in studies of fish chromosomes because: (1) the chromosomal

cize of Fish is small; and (2) it was difficult to obtain a stable
metaphase which could withstand bdnding due to inédequate techniques
in the chromosomal preparations. However, as described previous]y,.

the cell lines of fish have recently been established and, therefore,

“the latter problem (2) has been solved.
o

kN

AL present, the G-band staining of fish chromosomes has bheen
cuccessfyl only to a certain extent, but, concerning the C-band stain-
ing, one after another, very interesting facts have been_found. Chro-
mosomes contain both cuchromatin and heterochromatin. Heterochromatin
can be divided intovfﬁnctional heterochromatin and constitutive hetero-

chromatin. In a typical example of the former, there is one genetically
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the origins of Wakin and Ryukin. However, since the presence of their
marker chromosomes,revealed by C-band staining, agrees with the case’

of Kinbuna (C._a. subsp.), the origin of GoldFish might be fish of

~the Kinbuna {(C. a. subsp.) family, the originé] habital of which is
in China. The author wants to visit China in order to study Funa .-

‘(Carassius), bred in China.

2. Fish chromosomes and evolution

Of the 727 species of fish already reported, the'chrohosuﬁdf‘
numbers have been described only for abpuf 200‘species.- Concerning
the remaining speéie$ (approximate]y 500)3~their karyot}bps were ana-
1yzéd; Previously, the author classified fish families into 8 gynap

systems, basing thgseon Gosline's systems. In the following, Lhe re-

lationship between chromosomes and evolution is discussed, using these

systems. TABLE 3.2 shows this relationship. Concerniny Cyclostomala,
the lowest chromosomal number is 2n- and 36 in‘gpramyxincAaggmi, and

the.highest is 2n and 168 in Petromyzon marinus. lnterestingly,.ggi»

romyzoniformes, in both the Northern and Southern hemispheres, -have

a po1yp1ofda] relationship. " Salachii have scarce]y‘beénbstudied. Only
1P;spécies of about 1500 species of Salachii have been reported, Thé
lowest chromosomal number is 2n and 28 in ﬂgggigguggg§j}jgg;ié;!and:'
the_higﬁésf is 2n and 98 in nggmglélgjg{ llowever, resultg may.he

different, subject to more studies in the future. Concerning Chond-

in Polypterus palmas; and the greatest.chromosomal number is 2n and

239 in Acipenser naccari. It is characteristic of Polyplerus that

the chromosomal size is large. Concerning Holostei. -unly two spacics

AR .- Ly - A
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is correct to express their chrowosomal numbers by 2n and 150 &. In
other Cavassii, the marker chromosomes, specifically appearing in Kin-

buna (C. a. subsp.) and in Ginbuna (C. a. ]angsdoffii), vere not found.

Generally, fish are not differentiated sexually, and there are
many fis h with unclear séx chromosomes. However, in a swirl of evolu-
tion, particu]ar]y of fish of the lower. group, the presence of the mar-

ker chromosomes may show some signs of sex differentiation.

Goldfish long have been known as a variety of Funa (garaési\,.

Their chromosomal number is 2n and 100 in all species; and their ka-

ryotype is the same as that of Gengufobuna (C. a. cuvieri) (0jima et
at., 3).' HhanC~band staining;was_performed on Hakin, Ryukin, Ranchu,
_ Kurndemekih; Chotengan and Seibungyo, it was clarified that two~mﬁrker
chromosomnes appéared in thé females and one in the males, similar to
the case of Y1nbuna (C. a. subsp.) (FIGURE 3. 1 a, b) Kometto is a
hybrid from a cross.between Ryukin and Funa (Cara§§lg§) It has been
reported that similar hybrids can be obtained by crossing Hakin ahdb
Ryukin; Sanshikidemekin and Funa; and Kurodemeﬁn and Funa (Matsui,‘.'.
As proofl of these facts, the marker chromosomeq appeared using the
C-band Sta1n1ng. That is, concerning the female Kometto, some have

two m@rker chromosomes and others have one , but, with regard to the
males, oﬁc marker chromosome, or none at ai] vwere shown; A1l the above

relationﬁhéps are shown in FIGURE 3.2.

1t is said that the original habitat of Goldfish is in South
China. Hakin.were transferred to Japan for the first time in 1502, and

Jater, Ryukinwere also transferred there. At present, we do not know
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1t is considered that the expansion to the right side of the
mode in Lhe distribution of chromosomal numbers of the lower group-

might be closely related to tleir being polyploidal.

When comparing the arm numbers Qi the chromo;ohes in thé ]oﬁer;"
,intermcdint¢>and higher_groups (the arm.numhsiﬁof‘chrom6§omes with the
median and the sub-median centromeres is 23 an~;£hosé with the termiha?
and sub-terminal centromeres is 1), the arm nqmbeﬁ in the lower'grbub
is 91.5 on fhc average (the average chfomosoma]-number is 59.6); it
S is 5].8Aiu the intermediate group (the average chromosomal number is
AG.2); and it 1is 52.8 in the higher group (thé avérage'chromosoma1 ndm-
ber is 45 ). 1t is obvious that the arm number in the lower group is
romarkab1y higher than the same numbers in the other two groups, even
in relation to its chromosomal number. Therefore, it is‘confirmed
Lhai there are more chromosomes with median and suh-median centromefes
in the lower group than in the higher groups ahd that there are more
chromosomes with terminal and sub-terminal centromeres in the Gnter:

mediate and higher groups, than in the lower group.

3. Fish hybrids and polyploidy

3.1 Fish polyploidy and evolution

In discussing the eyo]ution of fish; the idea that po]yp]oidy.-
has an impbrtant significance can be cﬁnfirmed by many interesting
facts, clarified from studies concerning the ghromosomes of certain
fish and their hybrids. The polyploidy of fish is a key to so]ving- 
the riddle of the re1ati§nship between the‘evo]utiqn of vertebrates

and~gche duplication. Polyploidy in wmen, birds ~.u reptiles is already
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have been reported: Amia calva, the chromosomal number of which is 2n

-and 465 and Lepisosteus productus, of which the chromosomal number is

2n and 68. Concerning the lower group, the smallest chromosomal number

is 2n and 22 in Unbra pygmaea; and the greatest is 4n and 206 in Caras-

sius auratus langsdorfii. The mode of this group is 2n and 50 and it

occupies 33% of the whole group. Concerning the intermediate group,

the smallest number is 2n and 18 in Aph&osemibn christyi; and.the'great—

est is 2n and 69 1in ggggiligmformosa gynogenesis. The mode of this

group is 2n and 48 and it occupies 38%. Concerning the higher group,

the smallest chromosomal number is 2n and 16 in §phaeri’chthys osphf._

monoides; and the greatest is 2n and 78 in Channa gachua. The modé of

~this group is 2n and 48 and it occupies 53%.

laoking at the distribution of chromosomes from the point.of
view. of standard deviations, this value is 21.99 in the lower grohp;

.38 in the intermediate group; and 4.54 in the higher_grodp. It is.

ohvious Lhat the higher the evolutional position, the more chromosomal

numbers converge. Also, which is obvious from these values, fhére are
large differences between the lower group and the 'iﬁ.te'r‘mé(lkiate and ‘
higher groups. It is most interesfing that the distribution is ex-
panded to the riéht side (>50) of the mode(?n,SO)in the lower group
(F}GURE 3.3.) The chromosomal number of gggé§§ig§ of the lower group

is basically 2nﬁahd 100, however, these po]yb]oida] fi;h vere also con-

firmed with 150 + and 200 3. There is a theory that the chromosomal

numbers of Cyprinus and Carassius were oviginally 2n and 50 but became

‘latér ?n and 100 due to their being polyploidal. Such polyploidy is

also found in Salmo Oncorhynchus, which belongs to the same lower group

as the above.
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biwae) with tetraploidy have not been found in the Kanto District.
AMso. in Lhe Kansai District, the habitat of Shimadojo with tetraploidy

is not the same river as the habitat of the Shimadbjo with.diploidy.

There are many cases of hybr1ds with polyp]owdy Hybridé bet-\'c

ween Sa]mo salar (salmon bred in the At1ant1c Ocean) and Salmo trutta

(hrnwn trout) is a good examp]e of the presence of po]yp101dy in Sa]—_"
monidae. From this exper1ment of 1945, Svadson stud1ed for the f1rst ;
time thc aspect"of polyploidy being re]ated to the evp]utxon of karyo—

types in Salmonidae.

In the case of crossing the femzle carp'(Cyprinms carpio)with

the male Gengurobuna (C. a. cuvieri), when the common, ed1b]e carp is

used as a matecnal parent, the chromosomal number of the hybr1d 1s
the sum of one half of each 0€¢%hromosoma1 numbers of each of the
parents., i.e. 2n and 100 (0)1ma et al., 20) However' qome‘cdrps Qith
supernumerary chromoqomeﬁ (one or two small fragments of chromosome,_
allod B-- rhromosomes) were found recently and it was clarified that.
these chromosomes are frequently found also 1n Irpgo1.- Thus, when
female Irogoi.and maTe Gengurobuna are bred, hybridglwith uﬂexpected
polyploidy are somecimes found:(TABLE 3.4). In add{tionrto the USuaf
hyh;ids with dip]oidy.Of 2n.ana 100, hybridsbwith trip]oidyiof 3nlahd.'
1501 weve obtained. Furtherhore,-the very interesting resulc that

all hybrids with triploidy are females was recdrded.

Djima et al. (le'obtained a female hybrid of‘thé‘ffrst_genefaé

tion by crossing a female C. a. curvieri with a male Cyprinus carpio;

he then obtained the first generation of. the backwoss by crossing the

above female hybrid and the male C. a. cuvieri. As a result of studies
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known. | In many cases polyploidy fs either 1etha]4(men) or is an uo—
healthy stoto. However, in the case of fish, when the fertilized eggs
were stimulated physically (Exp.low temperatures) in the deve]op1ng'

' stqges, the cell nucleus reverses during the cell division and fosion.
oecurs‘between two nuclei. Thus, there is a possihi]ity that triploidy
or fetraploidy will occur. ‘This sfructure was proved experimental]y' o

by Hakine et al. (16) in 1943.

In Japan, there are interesting f1sh wh1ch have both diploidy

and tetxdp101dy; even in the same spec1es Th1s phenomenon is observed
in the Genus Cobitis,which was reported by Ueno et al. (17) - In our

country, wve have three spec1es of the Genus Cobitis: Cobitis b1wae,

C. taenia tacnia and C. t. striata. As shown in TABLE 3.3, the chro-

mosomal number is 2n and 48 and also 2n and 96 in Cobitis biwae; three

systems of 2n and 50, 2n and 86 and 2n and 94 in C. taenia téenia;and

2n and 50 and 2n and 98 in C. t. striata. Subsequent'to the karyo-
type ana]ysis;'it is appropriate to consider that, in these cases, the

pairing of two homologous chromosowes occurs, rather than the pairing-

of f'our, homologous chromoSo_mes. Therefore, this. is express.ed as Zn,.
rather than 4n. It is also considered that this fact conf1rms the
theorv of Ohno (18). That is, there are reports which 1nd1cate that
tho four homologous chromosomes of the tetrap101dy have sufficient
poss1b1lxty to have a chiasmaj; and there is the poss1b1]1ty that the
exchange of gencs w1]1 occur with great frequency Therefore, a.new

path
evolutional/will develop. due to the exchange of genes. Tetraploidy

forms two separate bivalent chromosomes, rather than a quadrivalent
chromosome , comprised of four homologous chromosomes; therefore,

tetrap]oidy is changed to diploidy. At present, Shimadojo (Cobitis
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will .grow or not; and whether they will be fertile or not.
For example, an exellent hybrid can be achieved by crosSing a |

beluga (Huso Huso), one ton in weight and bred in  the USSR, with a

sterlet (Acipenser ruthenus). However, sometimes one may fail to cre-. -

ate hybrids by crossings between the same species of Genus Acipenser.

Generally, in many cases, hybrfds show the intefmédiate_chafacters bf
both parents.. Also in mwany cases, hybrids express not.enfirely‘new-
'tharécters, but partially a combination of the §upérior chd;acters of
both bafcnts...As an exampie, it haé bécn reported that there afé_
three types of electrophoric pattens in fish hybrids:A(l) the type

with all components derived from the parents; (2) the typé>with nbt‘i
all components derived from the parents; and (3) the type with the
-;omponents derived from others than the parehtsf -It is considered'
that the sﬁbjecf in (3) is related to the heterosis.. In fact, it %s_
difficult to confirm heterosis in animals 5cieﬁtificé1ly}~ (In the caseo
p]&nts} it 1s easy to confirﬁ the relationship.ﬁefween thexénzjme éys— |
Lem and the phenotype). - Concerning fhe growth.raté, it is'repofted
that hybrids with a high growth Eate have béen achieved-b& crossing
different lines of Rainbow trout in the Unitéd Stafés. AiSo,«it wés_
reported that, in the USSR, the hybrids between female sterlet (Acipén;
'pggégﬁﬁfnghgggg) and_méie beluga (Huso Huso) were_hackcrosged With %e—.
male beluga. As a resﬁ]t, fish were crecated which grew faster than »
beluga.. By backcrossing, hybrids can be achieved wfth all of_most éf
.cdrtain.dcsirab]e characters, apart from their other‘useful character-
istics. It has been reported that, in the USSR,_the immunity to the
red—spotvdisedse in Funa (Carassius) is induced to Carp by backcrossipg

the female hybrids, obtained from Funa and -Carp, with the Carp males.
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of fhe chromwosomes in tho hybrids of backrossing, it was clarified
that, apart from d1p]01dy.1he triploidy (3n and 156) appeared, as well

as‘snvnral B-chromosomes. hven more 1nterest1ng, it was found that al]_

'hacPcroqs hyhrids WIth triploidy ave females, which is the same pheno~'

mnnon as in the case of hybr1ds with triploidy in ‘the first generat1on

of hybr1ds, as has already becn described earlier.

3.2 Tish hybrids and breed1ng

| Bteed1ng fish on a 1arge scale as an 1mportant 1ndustry has ‘l"l
beed'deveroped in many countr1es, 1nc1ud1ng the main 1ndustr1a]
countries, such as Japan. USA, Germany and USSR Various stud1es have
been carried out concernlng freshwater and marine fish, not only in
order to utilize fish which exist in nature, but also to create new
species. add1ng new breeds to those already in ex1stence There are
several methods to ach1eve thls The most modern way 1is to create
hybrids.:_ln th1s field of creat1ng f1sh hybrids, numerous exper1ments
have alr ady been done. Forthe first time anywhere in the world's

records of hybrlds, Gesner (22) created a hybrld by crossing Koi "'~

(Cypr1nu carp1o) and Go]df1sh Since then and up todate, about 1250

scientists have created hybr1ds, us1ng 56 flsh families, or ]980 spec1es

The number of bib]iographies concerning these studies grew to reach the

nuhhef oF'1800.‘ Many of these papers deal w1th the breeding studies .
from the begihhing. Host of them are meant to be only the records ot .
how to establish hybr1ds. Howeverzs'n\many cases, hybrids- brced well,
further rhorough studies are requ1red in this f1eld of science-in the
future. rlsh is a su1tab1e material to create hybrids, compared to
oLhor anima]s However, it is always difficult to foretell whether

the creation of hybr1ds w111/successfu1 or not; whether the hybrids
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develop and establish a pure 1ine.of this species as an experjmenta]
aquatic creature. Furthermore, it is expected that this $pecies will
play an important role in cancer research or fmmuno]pgi¢a1 studfes in
the future. Also, since a cell line of triploidy obtained from Gin-
buna (égwg;m]gggégggfii) keeps the karyotype stability for a longe
period (ahout two.yearsd this species is also. usefu1 materlal for
b1olog1ca1 <tud1es, a time-consuming process. Th1s aspect.may be ré-~
lated to the following. - When the culture of the diploidy cé]}']ihé .
is continued for many geﬁeratiohs, the chromosomal numbéfs grédﬁa1]y‘
change and become stable at the state of nearly trip1oidy (lower tri;
ploidy or higher triploiﬁy). It is considered_that the cellé-w7£h
trip]oidy genomes are more stable than those with dipToidy_genomeép

However, the reason for this has not beén'clarified yet.

4.2 Artificial inducement of polyploidy

"Cdncerning the inducement of polyploidy by means of temperature-
shock treatment, in 1943, Makino and Ojima (16) clarified cytolpgicallyv
the mechanism of .the creation of fish with triploidy, formed by fusion

of the sperm-nucleus and the egg uwth diploidy nucleus, the d1p]oxdy

of whnch vias 1nduced by refr1gerat1on of the feftﬂ1zed Carp eggs dur1ng

the 'second maturation- d1v1swon.

-~

1hereafter, in 1969 and 1971, Purdom (23 24) rfportcd his study

of inducing polyploidy in P]eunongctes platessa and P1at1chthys flesus

by the low temperature qtlmulat1on According to h1s stud1os, the
hest results can be ach1evod when the low temperature shocl—treatment
starts 15 minutes after the fert111zat1on, in order to induce triploidy.

In facﬂ; in 1971, it was reported that triploidy was found in hedr]y,

L
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A. _Chremasomal engineering
In fish-breeding, the uti]izatioﬁ of hybrids belongs to the
field of gcnetic engincering, the meaning of which is a skiilful, arti-

ficial trcatment of fish chromosomes.

4.1 Gynogenesis

Gynogenesis was dlscovered by reﬁearchers studying the frog

. development about 60 years ago. Recent1y, G1nbuna (C. a. langsdorf11)

widely common in Japanese rivers and lakes, becamb weH known for th.'

gynogenesis. ’Gynoqenesis 1§ﬁeffect1ve means to estab11sh the inbred
lines of fish. Many chromoqomes of Ginbuna w1th gynogenesis are tr1—‘
.ploidai and +150; the eggs spawned by_females are activated by semi-
nation and stimulation of the sperm of othey.species. Unually the dipi
loidal eqgs dis;hargé the first and the sécbnd polar bhodies durinj the
maturétinn-division, énd the chromosomal numbers decreaée by oné half
of the 011q1na1 numbers However, in this case, after the sperm semi-
nation, the nuclear. d1v1s1on, s1m11ar to.a m1tos1s, occurs in the eggs

and a polar body with 150 chromosomes is discharged. The head of

a
the 1nvad1nq sperm does not swell and does not form;male prenuclLuq
but stays as a cowmpact head until the d1v1s1on of c]eavage, and it

¥

never fuses with the female prenucleus (FIGURE 3.4 a,b).

Eégs of Ginbuna develop by physical or chémiéal ‘stimulation
ofher than sporm until tho stage of d1qcharg1nJ po]ar bod]es, but they
never dcve]op tg the stage of cleavage. "Thus, 1t is con51de)ed that thq
semination of other species is necessary for the d1v1510n of cleavage.
ance all the eggs hatched becone femd]es, the entire population com-

brise. f T"s'h wjth homogenes. At presént; studies are conducted to-

S S
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lized egqc vere brought back to the culture temperature of 32°C and
their cultuxe was continued. Valenti also used the ratio of the size
of erythrocyte nuclei. As the resu]t the polyploidy induced in the

fxnger11nq< was 0% in the control group, 29% when the shocL treatment

“was done at 4°C. 75% at 11° C and 106 at 38°C. Although the poly num4,~'

bers of polyp]o1dy were not described c]ear]y, s1nce it.was observed

that there are two kinds of po]yp1o1d1es (w1th the ratio of the vo1ume
of erythrocyte nuclei being 1.5 - 1.6 times of the normal diploidy;
also hC]nq about 2.1 times of the normal), there are high possxb1]1t1es

that these polyp1o1dles will be tr1p1o1dy or tetrap]o1dy

- Concerning the types of polyploidy appearing, the problems heé
main primarily in relation to the chromosomal numbers, not éounfed
directly. and, secondarily, in relation to the states of eggs afteh
Lhe temperature shock;treatment. In other words, there have been.ho

cytolegical basic studies, such as studies of the discharge of polar.

bodies or the period of cleavage division.

0jima et al.(1978, 26) obtained trip]oid} by exposing thc'feh—
t|11zod egys of Carps tg?%ow temperature "of 0°C for 10 minutes, ten
minutes after fertilization (FIGURE 3.5). Ten minutes after fertiliza-
t1on. the second maturation-division is in the develop1ng stage from
the metaphase to the anaphase (FIGURE 3.6 a,b,c,d). Hhen the egys’
were‘expnsed.at 0°C during this heriod, the division of the second

polar body was stopped due to the low temperature. . Then, réverse1y,

one diploidy nucleus is formed by fusing two daughter-chromosomes.

Py fusing this diploidy and»the'sperm nucleus, which has already in-

vaded the egg, the trip]oidy-is Formed,
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IOUX of fingerlings which were hatched after treating them in the sea-
water at about O“L for three-and- one—ha]f hours, starting 14 mihutes
after the fert1]1zat10n However, it failed to induce the tetraploidy
by the Tow tvmperature shock-tratment during the diVision of the first
‘c1eavagn. These po]yp]ond1es wvere conf1rmed not by the chromosomes,

but hy the phenotypes of spec1f1c characters On the assumption’ that _:
the ratio between the genomes of the eggs with po]yp]o1dy, induced by.
the low lemperature" shork treatment “and the norma] sperm 15. 2 :_1,

their polyp101d1es vere estimated from the morpholog1cal character1s§ifs

{such as p]ﬂments and vextebra1 numbers) of P1euronectes platessa an

Platichthys flesus.

That is, if the fingerlings obta1ned from the eggs of P]euronec—-

tes platessa, fertilized by the sperm of Plat1chthys f]esus and- treated

by the low temperature shock-treatment, show the intermediate charac-

tet1st1(° between the character1st1cs of the hybr1ds, resu1t1ng from -

the eggs of P]euronectes p1atessa which were not treated by the 1ow

temporafure shoct treatment,and the sperm of P]at1chthys f]esus, and

the rharacter1st1cs of P]euronectes p]atessa, ]t 'is considered that"

theso flsh might have triploidy. Furthermore, since the size of . nuc—
TeUS in pol)plo1dy will be larger due to the poly-numbers of poTy-
p1nidyinduced, the polyploidy was judged by comparihg the size of the
erythrocyte nucleus (geherally“thehratio of the nhc]eus'vo]ume‘bet—-
ween the d1p1o1dy and triploidy is 2 : 3). In 197 , Valenti (25)
leported the result of the studies of the po]yp]o1dy 1nduced by- the

temperature shock—treatment Lo the eggs.of‘T11apea aurea. According

to him. after this treatmenl, at not only low temperatures but also
at highcr temperatures (4°C, 11°C, 38°¢) for 1% minutes and also for

60 minutes, starting after 14 minutes after fertilization, the ferti- -
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AMso, theoretically, when the fertilized eggs with diploidy
were treated by = the cold-shock during the division Ufcleavage,
tetraploidies were induced. FIGURE 3.7 shows this mechanism diagram -

matically.

1t is expected that the breed1ng techn1que50f flsh by means
of chromosoma] engineering will be developed further in the future.:
Anyway, it is considered that the accumulation of cytogenet1ca1]y

based <tud1es of fish wﬂ] be the key affectmg either the rise or '

fal] of the breeding 1ndustry of fish in the future.
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TABLE 3.1: FISH SPECIES, CHROMOSGOMES OF WHICH HAVE BEEN STUDIED

4

Class .~ - Order Numbers Reperted Number of species
Cyclostomata " Petromyzoniformes 8 31
“Mykiniformes 3 32
Salachii Lamna 2 199
' Rajiformes 6 . 315
Chimaera 2 25
Dipneusti - - Lepidosirenina 1 5
Chondrostei Polypteriformes 5 .11
Acipenseriformes 8 25
Holostej Lepisosteiformes ] 7
. Amiiformes ) 1
Lower Group " Kotsuin (Japanese) g 15.
Clupeiformes - 5 295
Salmo Oncorhynchus . 69 . 508
- Cypriniformes 196 . . .-3000
e _ Anguilliformes 10 603
Intermediate group Myctophiformes 13 390
Gadiformes 6 . 684
Oryzias . 172 - 827
Yojiuo (Japanese) 6 .200
Beryciformes ‘ 2 143
Higher group , . Perciformes 144 6880
Pleuronectiformes 16 520
Scorpaeniformes 19 1000
Gobiesociformes 3 144
Tetraodontiformes 14 320
Gasterosteiformes 3
Synbranchiformes %, 13

Lophiiformes

215
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TABLE 3.3: CONSTITUTION OF DIPLOIDY AND TETRAPLOTDY IN COBITIS

Species

Chromoso-
A mal numher

" Constitution

of chromosomes

“Hedian

" Submedian.’

Suhterminal
Terminal

Cobitis biwae

C.Ataenia taenia

. t. striata

2n=48
2n=96

2n=55
2n=86
2n=94

2n=50
. 2n=98

N s ey Y O

21 pairs

43

31
29

L

Lid

- 3 pairs

: 5 "
" ] 7 "
: 12
" . ] 8 u
n 'l 7 n
1 : . 2 9 1]
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TASLE 3.2: RELATIONSHIP BETWEEN CHROMOSOMAL NUMBERS AND FISH GROUPS )

i

Group Cyclostomata,Salachii,0thers Lower Group Intermediate Group Higher groupg
Chromosomes - " . o ’ , . S i
Number of spécies .37 . - . 289 . .. .. 199 202 ]
£ lowest number ‘ 28 . . . . .22 S 18 16 ;
= nilighest number 239 . ' . 206 ' 69 78 i
“ = . 5

~ 2fFirst mode. L 36 (19%) . .. . .50 (33%) .. . ~..48 (38%) 48 (53%
S ISecond mode 164 (14%) 48 ( 9%) ‘ 46 ( 9%) 44 {16%
Standard deviation : 51.53 o 21.99 - 8.34 4.56
. 5
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FIGURE 3.1: CHROMOSOMAL PATTERNS BY C-BAND STAINING

a: Kinbuna (Carassius auratus subsp,) 0 (2n=100)
b: Kinbuna (Carassius auratus subsp.) o (2n=100)
c: Ginbuna (C.a. langsdorfii) .

-+ shows marker chromosomes, the shoff arms of

which were stained darkly by the C-band stain- -
ing method : ' '
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TABLE 3.4: CHROMOSOMES OF TRIPLOIDY (ALL %) AND DIPLOIDY
WHICH APPEARED IN THE FIRST HYBRID GENERATION 0B-
.TAINED BY BREEDING FEMALE CARPS AND MALE FUNA -(CARASSIUS)

P T R AA N AT S . Y AE PR S Ri. ST TS T 7 SSUUEAO S SRR AVSSTAASERELSA T WE ¥R O cavere .

94 05 93 ST 93 99 100 191 102 103 104 5149 150 151 152 153 154 155 156 157 total

1 1 1 21102 3 1 2

2 1 6 . 7

3 1 11t 215 3 o3 : ,
‘ 1 1 11 8 " 9 N
5 t 1 22 1 . ) 25

'3 1 3 12 o : 16

7 41 1 A ' 21

) 1 4 2 . . 7

3 1 212 15

10 2 2 1 1 : : 15

1ne 2 2 s 1 11

129 £ 01 1 1 729 4 14

132 _ ' . . 1 2 2.2m 3 4 2t

19 1 2 1 312 2 3 t 25

157 B! ¢ 1 s 10 1 21

1692 : 1 1 1 ¢ 3 17

179 3 131 2 -1 20

94 95 93 97 53 99 100 101 102 103 104,149 159 151 152 l>3 IS& 153 156 157 tolal :



FIGURE 3.3: DISTRIBUTIQM OF CHROMOSOMAL HUMBERS IN THE THREE
' GROUPS OF TELEOSTEI
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THREE CASES OF MARKER CHROMOSOMES APPEARING IN KOMETTO

FIGURE 3.2:
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FIGURE 3.5: CARP'S CHROMOSOMES OF TRIPLOIDY FORMED BY THE LOW
 TEMPERATURE TREATMENT o .
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FIGURE 3.4: CYTOLOGICAL CONFIRMATION OF GYNOGENESIS

a:Insemination by sperm of other species of a Ginbuna
(C. a. langsdorfii) egg and the discharge of a po-
‘Tar body - ‘ -

b: the sperm nucleus neither swells nor relates to
the fertilization. ‘ S ' -
It stays without changing during the diyision of c]eavage.‘
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FIGURE 3.7: NORMAL FERTILIZATION OF FISH EGGS AND THE FORMATION

OF POLYPLOIDY BY THE LOW TEMPERATURE TREATHENT

po]ar Low temperature treatment
polar body
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FIGURE 3.6: FORMATION OF POLYPLOIDY NUCLEUS INDUCED TO‘CARP EGGS

az:

BY THE LOY TEMPERATURE TREATHENT

Metaphase during the second maturation-division,
Spawninq

right after

b: Insom1nat1on by sperm ‘and dlscharge of a poWar body (from meta hase to

c:
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Reversal aof a polar body, which was dlscharged.
tempetature treatment .

A dlploxdj nucleus is formed by fu51ng the po]ar
vprsed and the egg nucleus ‘
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Anuaf1c CHVIIOHm“HLaT]SLS, nnvesthat1ng contam1nant effects on repro-
duction hy non-genetic means (as in phy51ologlca1 and cu]ture exper1nents),
conclude thnt reproduction seems to be oneof the most sen51t1ve measyres of
chron1c .sublethal efrecLs c]ear1y mean1anu1 1n nature (Sprague 9) Rosentha]
and Alderdice m)). F1shery bioclogists concede that generally 11tt1e is
known about even toc natural factors in the environment that control mortality.
of fish eqgs and‘ﬁarvae. They emphdsize the 1mportance of research on early .{‘
Jife_stages (HOAA Technical chort 1])) sIn V1ew of the gene t1c sens1t1v1ty -

—o;'gamoooqanes1s -and- c]cav«ga and the 1mporuance of regular d1v151on of norma1

. ch\omo%omes to continued normal development, it might be expected that cyto10Jy

and cytoJ=net1cs could contribute to undorstgndan the successes and faw]pres
in deve]opwent of - fish eggs, both in nature and in 1aboratony cxperlmentatjon-
* By so doing, these suhdzsc1p11nes of genetics wou]d u]t1mate]y he]p e]ucldape '
the reqult of superimposing detrimental effects of mar1ne conLamxnznts pn
natural population fluctuatuops. ] .

This paper describes the adaptation of practical cytological and cyto-
genetic nothods* to the study of embryos of fish. eggs co11ected at sea thhl.

other zoop1ankton. Initial data on Atlantic mackerel, Scomber scombrus,

embnyos.from eggs collected in surface vaters of the heavily poT]oted New |
Yorklsight are presented and discussed, along with some results of a second"

Bight qru§se. Hew mﬂthoco]ogwes are 1ntroduccd employing the yo1k—sac

* For a review of the status of the’ chromosome cytology of the Oste1chthyes

- see Roberts 12) and for USSR work on the embryo cyto]ogy,of Taboratory-

spavimmed {ish see Migalovskaya ]3).
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ARTICLE 4

“Author: A. Crosby Lonque]]*
HMFS, Northeast Fisheries Center. Milford Laboratory
Mllford Connecticut, USA, 06460

CYTOLOGICAL AND CYTOGENETIC STUDY OF FISH EGGS
DEVELOPING IN OCEAN SURFACE WATERS AND IN MIGRATING FISH

The Vife cycles of important Commercia]‘species'qf pe]agic-Alh{
bégin_in the surface waters of the ocean with the spawnipg of yet unfef—
tilized egys arrested at metaphase or té]ophase 11 of meiosis. Game£o—
genesis is a genetically vulnerable process and this genetic vﬁlnera;
bility is increased further once the externally fertilized fish éggs
enter early cleavage (Solberg,1; Muller, 2 sand Murakami,3). ‘Sensativity
of the eqqgs of fish to induced mutation appears second onIy.to‘that of
the most sensitive mammq}iaﬁ egqg (Ponaldson and.Foster,4; Po]ika%povﬁ 5
Purdom and Woodhead,6). Heavy heta]s and chlorinated petraleum hydro—
carbons are concentrated in the oceanic miérola_yer (Duce _ét :a]. 7 ‘
Hclnfyrn ). The ocean surface is also directly exposed to atmospheric
’p011Utanté. During their incubation, future recruits tao the commercial
fisﬁbriés float passive]y'as‘buoyant eggs'in surface waters.‘if ﬁbt in-'
the micro{aycr itself. The position of fish .eggs in the water column
maximizes their risk of serious exﬁosﬁre of seﬁsitive early deve]ohment

stages to both cell toxins and weak mutagens (as heavy metals), commonly

found in po]]uted seawater.

Mackerel studies and methods of dovelopment have been supported by the
Marinc Ecosystems Analysis Program and the Northeast Fisheries Center
of the National Oceanic and Atmospheric Adm1n1strat1on, S Department

of Commerce.
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is accomplished with ardinary sewing needles vhile eggs are viewed under a

low- p@tvr dissecting mucroacope For dissection the egg is pushed into a

groove etched onto the CdJ“ of a glass microscope s]wde Jlued onto a Petri .

dish used to hold eggs intended for dissection. About 60 embnyos can be
remdvpd per hour from the approximate]y ]—mm diameter At]ant1c mackerel egys.

Prior to sta1n1ng for ,quash1ng, enbryos are treated post—fxxat1on in

45-60% acet1c acid for about 15 minutes. A s1ng1e lntact Lmbnyo is qquashed
under a coverslip on a microscope slide in a few drops ‘of a solution of 19

parts or'qtandard aceto—orcein to which 1 part of proprionic acid has been

- added.  Hearly pcrfect mono]ayers of cells are achieved whxch allpw: V1sua11~ )

zation of every mitoses in the embyyo (Fig. 2).. Usually, four embnyos can

he squashed onto.one sTide without monolayer pieces of different epbnyos

. becoming mixed. Development stages from early cleavage to the ]ate tail- free

enbryo stage huve heen succossfu]]y pr&pared in this manner. Unqurn monq~"
11yers 0; the entirc embryo are more u1ff1cu]t to ach1eve at the tail- bud and
Tater stages though such cmbnyos are st1]1 useful. ' ‘

. The yolk-sac membrane, which deve]ops from blastoderm CQ]]o at Jastru~
lation (qoe, for exampie, ncEwen M)), was - found to be an exce]]ent source of

large mitosing cells from Jastrulatlon through at 1east the ta1]~free cmbnyo

" stage (ngs, 3-5). Lwrge thin ectodermal- and endodermal- der1ved cells of

the sac.membrane veadily spread out on the slide. Prophase nuc?el maasure

15 to almoest 20 microns across, and metaphase groups 10 to 1o microns across. B

Te]opha es measure 20 to 30 m1crons from spwndle pole to spindle poTe * Pro- .

metaphase chromosomes are often so well spread about the cell as to make

almost unnecessary any pretrcatmont w1th a c—m1tot1c agent for the purpose- oF




..... sbrane of lhc fl.»h egg, and which (hsp]ay the chror*o;on"e cothuratwn

of p,pc.pawnr»d eggs. The potentials af them n:thorIoToﬂxes are indicated.

nnnodq adaptation and new developrents

Fish eggs are oﬂecu.d at sea mtn othﬂr p’(ankton in neuston ne;s :

(0.947 mn mesh) towed at the water surface and/or bongo nets (0. 333 and

0.505 mm mesh) towed at speci fied depths. To avoid possible daxnage to the
eggs, tou. time is limited to a maximum of 20 m‘nutes-and tow speed to 1.5

!:nots.. l”oﬂc_ctxons shmﬂd be mad; in a manner smﬂur to vihat woyld be = .

‘.foﬂrr~x=~'d vere eggs. to be Llsed for cu]ture. Eggq should remaun we.ﬂ aerated ' '

they are towed through the wate_r, and use of a flow meter can record

-

Flow of \;ator tnrou_;h nats during each tos. After coﬂecuon, the qnsom.c.d

p]an!\tn Gs himediately ﬁyed inal: 10 ch]utwn of ngutx alized forma]m.

“The USuaI paucﬂ_y of gross]_y ddaemorated eggs is atm.mbuted to their fﬂ‘hn_]

out of tne watex:_ cojumn in agreement with. the observation of fish culturists

-

Unt- “"dying" eygs drop to the bottom of cul 'ture containers.’ R'Ipe eggs are '

'rLr*zpppd from Fish cau_;ht: on thew spuwmng grounds. These are (ﬂso innediately

fixed in Hu, dﬂute nnutnﬂ fomahn.

- -
- - 4

“In the T.zbora Lor_y, charactem.,tm "fish eggs are pmcked ouL of the pian} ton .

for p;mes wdentu Figation accordan to standardized procedures For p’lankton

bematm ies emp’loqu qroqs eag and 1arva] characteristics, kno v]edge of ﬁsh

r e,quentmg the qcxmp'hng area, and' time of year. Eggs of desired species and -,

development. staqe, frqm cleavage to late embryo, are then sorted ppt of the ’
plankton samples. Embryos are dissected away from the egg membrapes and

stored in vials according to development stage and spzcies (Fig.- 1). bissection
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| In1th] Genora] results of Mestuard_'74* cruise collection of Atlantic

mackerel, Scnmdpt scombrys., eqqs_{rom the New York Bight

With the first callection at sea of fish eggs’ (which proved to be almost’

cntirely Scomber scombrus) samp]ed for cytological StUdY> an effort was made

to checP 111 early deveTopmnntaT stages of the mackere] embnyo proper for

Lhewr relative deswrabz]xty from the qyto]og1ca1 cytogenetuc methodo?ogic qnd
1nformat1onal-standp01nt "Not a]l deve1opmanta1 stages of a SIngle spec1es~

are reprosentcd 7n equal numbnrs at al} samp]e stat1ons, and at some stat10ns o

g

certain stag es can be missing. An effort was nade to collect data at the

* gastrula- ear]y embryo stages at most statlons where Scomber eqgs at these

L}

deve]opmentaT stages were.present. At the- time thlS work was done the mathod

for prespaﬁned eggs vas not yeé developed, and the va]ue‘ot the’ yolk-sac -

membrane d; an excellent SOurce of mitotic conFigurétiohsvsti]TTnbt récognized..
Even thOUJh scem1ng1y intact and norma] in the und1ssectcd eqg, the

greatest portion of a11 c]cavage (Stage 1) embhyos was in various stages qf .

cytological dnter1orat1on or cytognnELXC disarray 1rrespect1ve of sample.

Stin there was station var1at10n. From (] to 44.4% of these embnyos viere

judged viable and capab]e of further pormal division (see be]oq) Chromosnmp

divisions were eas1er to V1sua]12e 1n morula (Stage 11) embnyos and- 1n blastula

" (StaJe 1I1) cmanyos. Both qyto1og1ca] deter1oxat1on and cytogenetlc d1sarray '

occurred “less oftcn-at Stages II and III thgn at Stage 1. At gastru]at1pn

(Stage 1V).there was a large drop.in the incidence of disorderly mitoses, the -

most abndrma1 embryos presumaﬁ]y'ﬁot gastrulating.

* Sailing vessel of the Sailing Education Association, Woods Hole, Massa-

'chﬂsetts 02543.'
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- karyotyping. (Kahyotyping of fish eggs dffqrs fascinating possibilities in

stock identification, as well as in po]lution studies.) HNo mitoses have been

. observed in. the yolk-sac merbrane cells of “the few hatched yolk-sac Jarvae -

thus far exanined.
To-prepnre.the Sac'meubrane for cytogenetic study, the entire sac with..

ehcloﬁed yolk is removed from the chorfon and the embtyd diSsectcd aﬁay-
The sac with yo]“—vs then Tlattenéd‘dnto Fhe slide in. the orce%n staiﬁ, as
is. ThL_thnyo. ‘Storhgn of Iarge.numbérs Ef pre-dissected sacs terther presents
soma-pr oh]mns,-and storage in fluids other than formalin is bemg exp'lored _ ‘ “j

R Prespnwned,_unferti]izeq eggs-are torn vwith a dissecting need]g‘and yalk -
contenls pressed out. The entire cnbrion is’ flattened onto a microécopa slide »

in the acid-stain so1ution The meiotic metaphase'll and earlier chramosoma

: conriqur t1on of the fully ripe or ripenwng CJJS is assoc1atcd with the micro—

pylar opcnxng thrOUJh which the sporm enters thc eyy (F]g 6). - First, the

" microscope slide is scanned for the micropyle, and the area about it the

carvefully examined at different levels of focus for the relatively small f. .

‘meiotic configuration (Fig. 7). Although these configirations are small, at

-

Jeast in the mackerel egg, they offer the distinct and convenient ppssibility i"

of detecting in gravid female fish chromosome translocations and chromosome

Lo o o ) ) 5
breaks from diakinesis of meiosis through to perhaps telophase IT .

* Cyto]bgica1—cytogeqetic methodology for the Tish eggs is to bé written for

publication - A. Crosby Longwell, J. Kubihski, and D. Perry.
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Latcr;stnge éubryos, though rnta1n1ng the gross appearance of, for example, .

a tail-bud embryo,'might be c0npr1<od in large part of ce]ls more remlnlscent
of a gastrula ehbryo.‘ This latter condltion 1s attrlbuted to the dé—
differentiatianof cells in seriously stres§ed emnryos- B]astu]a and moru]a.
enbryos-sometimes contained.a single large nleavaga‘ce11 wh1ch had.fgljed

ta divide further..

. ln mother plankton coﬂectxon or mackerel eggs fro'n a ]ater (l\nnandzﬂe .
'77) cru1 e 1nto the-New YorP B)qht (see D;scusswon) 17, 065 mitoses viere R

- eX am1ned in-304- Stave VI (tail bud) yolk sacs from ]2 samp]e stat1ons- Not
unexpocted]g, the state of yo]l~sac cells and initoses corresponded we11 to | '.j K
the state of the embryo cells and mwtoses.. Sacs .rom well- deve]op1ng

mac!ere] cmhryos dveraQOd 50-70 mxtoses. Mnan statlon percent abnurma] mltoses’ :

-rwas 6.1-12.0 for all but one station, which had 20 7 of its yo?k—sac mitoses
abnorm%li ’ ‘ .

Station-and area variation in initial study of cytological-cytogenetic develop-

ment of equys of the North American Atiantic mackerel in surface waters of thé '

-
» 3 .

iew York Bight . . ST

o | Microscopic data viere obtained on 56 of. 51 stations on.a~tothi'of more
~ than' 4 030 embryos sampled in surface waters of the llew York Bight Hay 7-18,
.1)/4. Cytological and cytogenetic me asure;énts were summarlzed in morta]xty—‘
moribundi}y estimates for the dffferent development stages from cleavage (1)
lhroth the tail-free embryd stage tVII) at 17 to 35 different stations..
Criteria for cleavage (Stwge 1) v1ab1]1ty were that the embryo not be in a -

state of cytological dnternorat1on, that there be at least one m1tos1s; and

that one-Tifth of the mitoses be norma]. Criteria for morula and gastru1a '

' ¢ et
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Telophase irrcgularities appear to be tha best numérical Tndicator of

c3t0t0x1C1Ly, mutaJenwcwty, and nitotic THdLV in the embryo 1Lse]f. Tth

are readily observed (r1gs. 8 and 9). Part]cu1ar1y at the moru]a anq b]astp]a

qtages (II and TII) there are h1gh 1nc1dences (often >50%) of chromosqma
brwdg1ng, 1nd1(at1ve of chrono=oma st1ck1ness due to general cytotox1c1ty
and/or chromosome—breakage and txans]ocatxon. Lnggard chromoscmaa and
dnsorlented chromosomes putside the m1tot1c sp;ndle are not unconmon at

telophase. Incidence of abnorma] te'lophases drops at gastrulatwn (Stage IV) ' B

"There-appear-a1qo to-be- Fewer abnormal te]ophases at the tail bud and ta11~frae .

" embiryo stages (VI-VII) than at gastru]atlon and JUSt after at Stage v (earﬂy

enbryo). ‘1hc méan of 35 stations and B45 embryos uas 12.3% for StaJes IV

and V comhined;<for Stages VI and VII the mean of 23.statxpns and 681 embryos o

*was-5.9%. .

V;'y LrIiunJ were the wlde differcnces in number of mitosing ce]]r per
enbryo among otat1ons for all stage embryoa avallab]e._ Complete cessat1on
d1v151on was not uncommon in some epbyyos. Mean number of te]ophases per ‘
enbryo varied from a station low of 0.3 to a lngh of 93.7 for Stages V-V _- .

for 35 stations 1nd 845 ewbryos. For Stages VI~VII varlat1on was from 0 to

110 for 23 stat1ons and 681 ambryos.

Also etr1¥1nq was the de d1ffer0nt1ated nature of cells 1n 1ater~stage
eﬁbryos gt ceruaxn stat1ons or the fau]ty premature dlnferent11t1on of ca]]s
jn ecarly-stage embryos. (See Fig. 10. ) For example, a Stage 11 (mnru]a)
ebryo might be characterized by spwndle—ahapad or otherulse contorted nucler i

normally typical of a Stage v (ear1y cmbryo) Hlth advanc1n3 cell differentwntion.
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hetwggnhmorta]ity—moribundity for the seﬁera] deve]opment stages and te)ophasc'

vmumbnrs viere significant overall. The assoc1atxons between Staqe 1 norta]1ty~

moribundity and other”’ stage estimates viere weaker than assocaat1ons botwaen
other stages. (ATthOUJh technically. the most sens1t1ve, Stage I (c]eaVage) 1s
the most. d]fficu]t methodo]og1ca1]y and also must be most subgect ta maternaT
1nf]uence - natura] and in regard to pody contam1nant 1oad )

.

Samp]es from~the SQVeraI statlonS'varled w1de1y in egg v1ab1]1ty (0 to '

_100n) as ca]cu]ated hnre and 1150 1n d1V131on~raLe as 1nd1cated above. Hore g

.

-fstatxona NQYE”TEPYuSGHLQd in Stagos Iv-y (gaotru1a~ear]y embryo) morta11ty~

.'morlbundity daaa than’ 1n the case of other stugn data. Lorta]uty~mor1bund1ty

data for Stages V-V nere ava1]ab}e on 79 3’ (71 4%) of the stat1ons, For those

;stat1qnsnwh1ch did not have data for Stages IV-V morta]1ty—mor1bund3ty, 1n-;

"fornatioh from~nther-deve]opment stages was'used to éstinate‘the:Quantity* '

N\
SN
In’ gcnera] Varlances from the regress1on equations werc Targer than

"those for which d1rect estinaues could be made To 1mprove overa]l accqracy

Stexn est1mates uere consequently used. This technxqua is descr1bed by -

"Efron and Horr1s 77) 18}, » and Dlxon 19). F1gure ]1 show s graph1ca11y tha .;<
" Stein estimates computed for Stages IV-v morta11ty—nor1bund1ty for the h

several samp]e statuons; Estvmates for the several stations. over the New T

Yor? nght vary uidn]y as seen in F}g 77 Stat1ons wuth 1east ca1cu1ated

'morta11ty—mor1bund1ty tend to be e1the. about the per1pheny of the 1arne

* This was done by us1ng the regression equatxon which 1nc1uded the data
known for the station as the 1ndependent varlab]es. Var1ance est1mates
’of the es t1mated perccnt dead or morlbund were obtauned using the b1nom1a]
‘variance wf data were ava11abie, 7nd the estumato of variance from the

regression if this was used as the estlmate (Snedecor and Cocbran 16))-
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(;tagas I1 and III1) viability were that the embryo not be in a state of

cytological detcx~iorat§on; that mitoses oyet the.embrjo'be. oriler’ly';_ that

503 or more -of the telophases be normal; and that there be at least.15. .

te?ophases in a.n‘ ewbryo; Criteria far gastrd’la—eafﬂ_y embr_yo (Stages v-y) .

~.. and for tail-bud and ten i-Tree embr_yo:. (Stages. VI-VII) vere that the e;rbr_yo

hd .

not be in a- qtate of cytolom cal-deterioration; that 1ts chr'onosorré not

be in a genera‘l state of ph_ysw]ogxca] st1ckm'>ss over the entn"e emhr_yo,

that it have at least one ’ce"iophase. Hh°n th° ]aLer stages studxed Vi and

g | VII, were all dead or mombund there vias an oo‘nous trgnd .or aT! eaﬂmr '

stages to be dead or mombund !hgh vzabﬂxt;, of early stag°s \.em, a]ong '

with total v1ab7]7ty of Sta_)Ls VI m(l VII. Gross]y detemoratmg fth cggs

are not expected :.0 remain in the waper coiu, o, and thp norta'hty-mombunm ty
estmates preﬁented hﬁr@: an. based N the earhost mdu:atwns of 1mpend1 ng
erbryo death. fhey are an esmmte nf differe n’meﬂ stdtwon chwnctemstms '

in respect iq xmd ere’l ewbryos. They are not a mnasurement o. tgm'l or B
absolute egq norta]iuy at the s’cahqns ;ﬂ thopgh Lhoy mfer Unt guch dﬁfers .
b_y station or quhOn Jroup. Soe Tqb]e ] for' basu: status’mcs pn ’;h; data '

C. summaries. S e S R "

-

-

UsinJ station—combined data, carrelation coeffi ci an vere conputed 402*

’che momahty—mombunduty estmatc_s for Stages I, II, III Iv-v, ;md VI—-VII

e

and for. thn mean numbcr of te'lophaseq p ar enbryo and percent emoryos uuh

-

<]o teTophases at Stagns v-v and Stages VI-VII {Table 2)*. Tlm assom ntwns

* A1 statistical 'ancﬂ_ys:es wvere performed by Dr. T. Holford and H 'Johrison,
Depur‘nont of me“tmcs, Yak Unxvnrmt_y 'ichoo’l of Epudemo'[ogy qnd

Public Health, New Haven, Connert}cut 06510.
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"Hudson Ruver Canyon (Area VIiI) fam]ed to d]ffer s1gn1f1cancly from the group

of stations in the northeast Bight periphery (Area V) uwth Towest ranked
rorta]wty Areas I, II and 111, in closest proxxmxtues to magor dqmpsxtes,

as sewage s)udJe and ac1d waste, and the Hudson R1ver runoff, dmd not d}ffer-
from the station group a]ong Hew Jersey (Area VI)- This and the c}ose match

of imortality in Area VIII to the south and east of the dump51tes u1th that

of the dunpswte Areas II and III arc. in agrcemDnt u1th the- genera? southvasterﬂy

: cwrcu]atIOn “of water‘jn ‘the New York B]ght (Uater Resources Eng1neers, Inc. 2]))

IILEEﬂ§§Q£21 _ , _ . .t
, M1 mackere] spadnung 1n the Bight, wh1ch must number in hundreds of

. tHousnnds come fron the samg. southern cont7ng°nt of North Amer1can Atlant1c
mackerel which feed in the re1at1ve}y clean Gulf of Haxne during suwmer moﬁch;
.and Ti;e the rest of the year in osthore cTeaner waters (Sette ]5)) Tha

‘ usual habitat and surmer feedlng orounds of theqe nac!ere] 1nd alsn theIr
patuern of migration into and through the Bight (Sette ]5)) make 1t ]1&97y
that stat1ons samp]ed are unwform 1n regard to the contam1nant body burdens

of fxsh spawn1ng at them. Th]s is probab]y especxa]ly so relative to uhat

>

must be the sharp1y d]ffer1ng water qua]xtwes at the Bight stat1ons where the X

_mackereﬂ eggs studied here were spawnnd L R .,t' .
‘ S1nce compTet1ng th1s first study of Atlantic macLerc1 eggs col]ected .
on the hcstward '74 cruise into the Hew York Bight, a second cruxse
(AnnanuaTe *77) Vas esp°c1a1]y p]anned and conducted 1n the Bight fpr the
purpose of taking concomitant samp]es of mac!erel eggs, chemistry Samp]es,"

and physical oceanograph1c measurements.. The southern cont1ngent of North

American Scomber scombrus largely confine their -spawning to the New York

R e e DA
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area studied or along Long, Island, that 15, genera1]y most dxstant from
coastal zones and dumpsmtes. Becauoe of the close corre]at1on of the
several measures made-on the eggs. from the Bight, and-the_usejof other
stage data to tQmputé estimgtes of mbrta]ity~moribundit§ fér déve]@phent
Stages Iy4v, thesé estimates on -the gqst}uja—éar?f emSnyo stéges_are_
reéprded as reflecting re]ativg overall viability for afi the eérﬂy_de&e}-

..

opment stages. )

Sample stations. were'grouped in ré1df{on to their gebgraphy; prdximity

to major dumpung areas, and genera] yater c1rcu1at10n patterns (Nater

'_Resources Eng1nLLrs, Inc 2])) A fTew statxons uh1ch d1d not f]t wnto any

part1cu1ar grouping were not 1nc1uded such as a stauwon at an 1n]et a]ong

"~ Long Island. Differenccs botueen the various groups were eva?uated usung

. nonparamatr1c tests based on order1ng of the Stein estvmates of egg

morta]uty—mor1bund1ty for Stage, Ty-Vv. The Kruskal Wa111s test {see

_ Conover 20)) was used to test uhether therg were ovara?l dif fergpces n

mortaluty—mor1bund1ty among the ireas. The overaT] test of d1fferenCus .

among the areas vas. statxstxca]]y sjgnificant (T 20.73, P<O 05) The

average rank for cach area is shown in Tab]e 3. With the exceptxon of the

Long Island coasta] area along wh1ch a current of clean water f]ows (Uater

.Resource Eng1neers, Inc. 2])), “the four.of the eight station groups with

¥

least mofta]ity vere most distant fyom coastal zones and from majpr‘dump-
swtes.
A]] pa1r~w14e tests were performﬁd to 1nvest1gate which arews seem to

contribute to thws OVuYa}] d1ffercnpe Results are given in Tab]e 4. DnTy

" the Long Island coastal group of stations (Area V) and the group about the

~114-
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from about Cape Hatteras. Laboratory SLUd]CS on other fish have demon—

strated temperature-salinity optima y101d1ng the highest percentage af

v1ab]e hatch (for exanp]e, hesternhagep et al. 23) A]derdwce and Forrestgr 24))‘

However, in nature “thare must be a physwo]ogxca] adaptatuon to waters through

_which fish sw1m. Grouping of maclere].cyto]og1ca1—cytogenet1c or gross '

. ‘abnorma11ty data accord1ng to temperature, salinwty, or comb1nat1ons of the

two does not appear ‘to offer any ready or comp]ete exp]anatxon of the wide .

var1at1on in qyto]ogxca]]y ca]cu]ated nackerel egg vlability or wlqe varix-t'

- tion i any of the’ severa] measured factors cons1dered separate]y. Host

"11le1y, temperature “and 5111n1ty act in nature in synergisn and/or pntagon- .

sm Nith the contamxnants enhancxng or ane]xoratung contam1nant effegts Qn ;

the eggf and even the additive and synerglst1c effects of contaminants u;th'

" one another. Nesternhagen et a]. 23) ‘gescribe the combined ef fects pf cad- .

mitm and sa]1n1ty on deve?opment and survxva1 of garp1ke (Be1one be]one L )

eggs in the ]aboratory. The effects of temperature and salvnity at the m]tot1c
Jevel are of 1nterest nnd und rstand1ng them may be.of use in 1tse1f In fue]d

tudies of poT)utjqn, hoaever, the comp?1cat1ng effects of these natura] var1~

ables m1ght be desurab]y removed by cons1der1ng them in plannung samp]wng

.
.

bstrategy. " A o ~.._7'.'__' - ".: ',fw .. j . .

on more spec1f1c mutagen1c events in. the chromosomas oF the‘yo1k sac, as -

': It 1° unlikely that either temperature or sa]1n1ty woqu act ns 3 mutagen

at the narrov temperature extremes qccurrxng in nature. Concentrqtlon then

,opposed to the less spec1f1c eyto]ogy of the enbryo proper, cou]d e]1n1nate

some problems in interpreting field data. Jozned into a membrane’ three or so

layers thick at the most, sac cells, ps they pncircle the yolk, should be in

P

. L.
e S v s 8 ity ) o Pt s 4 > g s
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B]gnt (Sette ")) makmg 7mposswb]e the- smple comparisan of eggs m the
generally po]]utcd B]ght to some conparatwe]_y ]ess—poﬂuted area out,qde o
of it. llicrol ayer and subsurface water and plankton vere samp] ed for heav_.y a
meta] anﬂyses (anajytical chemstry by Dr.-G. M. Mhaburn> Nationaﬂ Marine
ﬁsher]es Ser\nce Laborator_y, Charleston, -South Carohna) zmd for annlyses

of se]ect parafﬁmc, ch]ormated and aromatic h_ydrocarbons (anzﬂytica]

che'mstry by Dr: M. NacLeod Natwna} Marine F1sher1es Servxce Labprator‘y, _.ﬂ

| Seattﬂe, Nashmgton) A total of 3 61}3 dwsected errbr_yos uere in the

cytoibgica]-—cytdgnnehc study and 4,315 embryos in a study of grozs deveT op-

men, tal abnorma‘htws.. As in the '74 coﬂectxon, -mackerel eggs showed mde . '

station varxabﬂwy, mth the severa] cyto’fogmzﬂ and gross deve’iopwentai

factors measured over several early embr_yo deve]opment stages showmg good
correspondence Three of approxmate]_y ﬁfteen d1fferent sets of chem)stry '_
amp?cs m th much higher contammant ]eve’ls than the others correspondpd to

the three buo]ogu czﬂ samo]es m wh1 ch macl ere] eggs sho: qed neaﬂy tota’!

mortc.hty—morwbundlty as cal cu]ated cyto'lom caﬂ_y and cytogenetwa]]y. Two '
mdependent stat;shca] studies are currendy undema_y eva’luatmg the ‘
correspondence between b1o)oglca1 and g:hermca] data sets, and ﬂsq ‘Fa},jng

into cons1deratmn statwn temperature and sa’hmty* - '_ S ‘

Atlantm macLere'l tolerate a rather wide range of temperature and )

ahmt_y, spawmng at @ temperature range of about 10-15°C and a sa'hmty

of “about 26.0-35. 6 ofoo (Johnson 22)) Horth Amerlcan l\tlantxc macherel

“spawn along the coast and along-lLong Is’{and as they rmgrate northward

* These data, along with the full resp]ts of the cyto]ogicfa]-cytogeﬁetic':'tUdy
 of the Nestward '74 cryise, are to pe wr1 tten for publication - J\ Crosb_y -

Longwe'l] J. Hughes, and D Perry
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‘§ntimate proximity.té whatever contamipahts thg egg inbibes aﬁd theAyo]k
retains. | | .
‘While the methods described here were developed because of a need fp)
field data, part1cu1ar1y in the New York Bight, all methodo]ogy is direct1y
»gnd even more eas;]y app11cab1e to eggs co]iected in ]aboratony exp°r1ments
with fish and the1r gametes. A fu]] understand1ng of the facLors govern1ng

reproduct1ve success in 1nportant commerc1a1 species seems poss1b]e Qn1y

.through a commm’mon of ﬁe'ld data on the commermal speacies, and ]aboratory ’ 0
studies on often at least re]ated spec1es. Not on1y have fxsh beep ]arge]y
bypassed by modern cytogenet1cs, the yertebrate egg has unt11 recept]y b8°n
11tt]e studied cyuo1og1ca11y and cytogenet1ca11y due to unavauiab1]1ty of -
mammalian eggs in large numbers. The fish egg, so we]] su1ted to cytagenetwc
study of its yo]k-sac membrane and cyto]og1ca] study of its embryo ofFers '
simultaneously new poss1b111t1es for pxper1menta1 assay and f1£1d monltorlng .
of the impact of mar1n° contamxnwnts, nd for 1ncreas1ng bns1c know]que OT

the earliest vertebrate reproduct1ve phase. S1nce the obaects of such studues _

can be important resource species’, the chromosoma]]y sens1t1ve ear]y stagbs

(i; of which are 1ncubated in pol]uted surface waters of the sea and a]so read11y

samp]ed in plankton, the matter is of timely 1mportance and pract1ca1 use.

I'd
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Teble 2, Correlation Coefficients of Cjtological-Cytégeﬁetic'Heasures on Atlantic Mackerel Embryos in’the Hew York ;

Stage 11

Morula " Blastula

CWotage 11

Stages Vi-vil
Tail-bud - Tail-free Embryo

Stages 1Y~V

%
Mortality-
Moribundity

b4
Moribundity

Mortality~ .

" Gastrula-Early Embryo i
Tog % "~} ~ tap G . 08 %

No, Fel5 oo G oSt No. %<5
Hortality Telophases  Telophase:

Stage I ~
Cleavage
can agv.
next stage

Stage II -
Morula '
% mortality-
rmoribundity .

© .87

, 896w

Stage III -
.Blastula

% nortality-
moribundity

- Stages IV-Y - °
Gastrula-
tarly Embryo

log % ’
mortality-
moribundity

ﬁOf ’
. telophases.

245 _
telophases

-587% "
L gyyRR P

O oawes

Mortality-. " e
Horibundity Te1ophases  Telophases . wo.ipyndity -

- GG SIGHF - B4PR D L702R 683V - 3

- 832k J836%kx T 718%  -,478

S04k B3EHRY B2gEEF | - GB3¢

,757**§
w JRTFR

v719**.

L. 0,055 $PQ,01; HRPQ001, | C
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Table ]; Basic Stat1st1cs for Cyto]oglca] Cytogenet1c Heasures on Atlant1c Hackerel
o Embnyos in thg New York B19htx L .

| N —Shndard i —
Variable** . ’ Sgat?gns Mean n§3?2§§§n . Minimum - Maximum
Stage I - Cleavage . °“.i' <L o R,
¢ which could advance .-~ T - oo . - - -t )
to next stage . ° .. 31 - .89~ . 1.0-.7 7 0.0 R W N
Stage I1I - Morula b_~.*‘ T e e T ; _»“ R
% dead or moribund - : 17 .. 56.8 3.5 ° .-0.0 . 100.0 -
Stage III.- Blastula s s o - | . ’P:f'_
% dead orimoribund - C 22 . 62. . 34.2 - 0.0 .. .".700.0
Stageé IV-V - Gastrula- | | o ' - . e
Farly Embryo o : ' . S . - ° ’
y4 daad or moribund . - 35 38.5 . --32.8 0.0 . ]00 0
mzan ¥ telophases ‘ : - 35 34.2 °  28.3 0.3 ..- . 93,7
% with<lh te]opnases . o35 - 490 32.9 - 0.0 - 100. 0 .
Stages VI-VII:- Tail- bud - N ce s
Tail-free embryo - " o AR e
% dead .or moribund o - 23 - 32.8 . 37.7 0.0 - .700.0
mean # telophases . 23 - 35,5 . 37.2 0.0 110.0
% with<l5 telophases .23 50.6 . 39.1. .0.0 . 100.0

*Ne§tward cruise, May 7-18, 1974.

**Sanp]e size - tota] a1] stat1ons. Stage I .- 1589 C o Stages IV~V ~ 845
. Stage II - 374 Stages VI~VII - 681
Stage III —_ 541 . RS
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Table -’-}. Pair-wise Comparisons of Stages IV-V Gastrula-Farly Enbryo
.omahty-xlombundit_y. }\rus}\a'l ~Nallis Test (T) .

Geograprice : : - — .
Areg*p-.__..' L S 2 £ S IY v oI owr v

6 <. -gII . ....:.‘2 .

I .56 .24

w3 29 4 m*f

v, O 3.._86** 4.50%% 5.0 .80 Lo

VI Lo 08 - G191 . 7@ 573 o
VI 3.09 2.88 ©  2.78 35 2.47 g.47%
258 S N N .53 4.5'31** 5.73%% | 5.59%r 3,63

*geehiig. 11 for area subch\nswn of the studied portions of the Hew York
19 - . R .

‘ el P<0.05.- .
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kruskai—Aa)]}s Test for Differences in Predicted

- Table 3.
~ Estimates of Stages IV-V Gastruia Ear]y Embnyo
' Norta]1ty~nor1bund1ty* ]
" Average Ranked Mortality**
éeographiﬁ Area*’r
X I wroLL W Vo yDeovin v
31,07 30.0  26.4. 10.8 . 5.2 33.4 14.7 234

*Overall Tesf for Differences: T = 20.73 1nd1cates a s1gn1f1cant

H

 difference petween areas, P<.05.

**large ranks denote higher morta]ity.

***See Fig. 11 for area subdivisjon of Lhe stud1ed port1ons of the

New York Bxght-
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TABLE 6.9: MORTALLTY,OF.THE THIRD GENERATION OF THE PURE BRED LINES OF C. GIGAS BRED
i IN VARIOUS REGIONS AND THE FIRST GENERATION OF THEIR HYBRIDS

(Imai and Sakai, 1)

Cuiture Ground

............... H'y'bv'id Fy

Hokkaido Miyagi Hiroshima Hokkaido x Miyagi x Hiroshima Hiroshima x
CL " L Hiroshima . Hiroshima...x Miyagi Hokkaido
Uzu Bay o o
(48. 5-49. 2) - 19.6 16, 8.5 6.1 23.6 -
Megawa. Bay v '
(48. 4-48. 12) 13.9 20.0 36. 17.8 16.3 50.3 6.6
Mangokuura Bay , ' ' - ' .
(48, 5-48. 12) 12.5 22.4 40, 10.0 15.3 ' 24.1 21.8
Matoya Bay ' : ‘ '
- (48. 4-48. 12) 85.2 88.2 50. 51.8 46.6 N - 46.7
Pure bred 1line Gi "Hybrid Fq
Hokkaido Kumamoto " 'Hokkaido x Kumamoto Kumamoto x Hokkaido
Oominato Bay 23.7 24.6 19.1 . 24.5
Megawa Bay - 54.7 38.0 42.0 26.0
Mangokuura Bay 48.8 40.8 - 31.8
Hamashima 100.0 65.2 85.4 94.3
Kagami-cho 98.0 71.0 95.3 98.0
Gig Harbor 38.4 44.8 .0

-G61-
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TABLE 6.8:
PURE BRED LINE OF HOKKAIDO BREEDS AND KUMAMOTO
N "BREEDS OF C.>GIGAS AND IN THE FIRST GENERATION
- OF THEIR HYBRIDS (Imai and Sakai, 1)
Culture Pure bred-line G].A
ground Hokkaido Kumamoto "Hokkaido x Kuma-[ Kumamoto x
o o " ' moto = Hokkaido
~Oominato Bay 16.3% 6.3% 10.7% 13.2%
Megawa Bay -13.6 . 8.6 12.5 10.9
Mangokuura Bay - 3.2 2.5 - 3.4
(ﬁ?\
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TABLE 6.7: SHELL LENGTH OF C. GIGAS BRED IN 4 REGIONS

~. ‘ | _ N ({.L) shows the whole wetht, g.

(Imai and Sakai, 1)

[yo] o .
=
o o = 2
. e - S22 Q
s o™ v %
a2 I d e
~ > -
o Tipm dp= >:2
= = -
! T - ; —
P i 210mm H 128mm R . 63 mm ; — mm
R R 1 20 : o | - -
Gy (27 months) 12162256 | 319.4225.4 «  OL6ZLL3 . - o
. !o333.0221.2 . 118.1£17.3 109,912,090 ! -
Gi (29 montks) (271.9%55.0) i (179.9£53.9) (165.3235.0) | -
§9.1&11.1 :  §0.9%10.9 §3.928.4 | - -
Gy (2 months) (93.8127.8) ! (63.6226.2)  (3.227.7) ¢ -
131.8%18.0 . 89.0% 6.6 = 81.4%9.5
G,; (21 months)® (163.6£25.3) ¢ (65.9210.6) ; (45.61%9.6)

(=

; * Cultured at Qominato; others were cultured in
. _ © Megawa Bay. ' ~

P:Parent generation (wild type):
G.- first generation pure line
Gy~ second generation ditto
G,- third generation ditto
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TABLE 6.6: COMPARISON OF CHARACTERS OF C. GIGAS BRED IN 4 DIFFERENT REGIONS'(Imai and Sakai,1)

i S p e. c e S
Character e -
Hokkaido Miyvagi Hiroshima ~ Kumamoto
Growth fastest fast T 'slow slowest
_Size largest large Y
ShelTl depth snariow .intermtgjfgg_bgtweeW' ;2;11 smallest
Hokkaido-Hiroshima ' P ~deep
Ratio between :
flesh and whole weights smallest small ‘Jargest large
Degree of Smooth- . :
ness of shell flat somewhat wavy ' ‘considerably wavy lconsiderably wavy

Shell color

grayish-whjte

intermediate between

Hokkaido-Hiroshima

blackish-purple

blackish-purple
or brown ‘

Mortality

high in the

‘southern area

high in the southern
Capea

.high in the -north-

ern area

low in all places

Spawning period

early

later than in Hokkaido

later than in Miyagi

'earliest
(mature eggs are
found during the

winter)

=26 1L-
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TABLE 6.5: PHENOTYPE FREQUENCIES AND GENE FREQUENCIES FOUND IN
LEUCYL- B~ NAPHTHYLAMIDASE OF MYTILUS EDULIS

— .N
o [o%
= >
o o]
s 5.
o o
LY ()
r = -
<
& £ L
< o] o
(75 v +—
Phenotype (genotype) frequencies
1—1 0 €0.2) 3 (0.4) 3 (0.5)
1—2 s (4.2) 2 (4.6) 7 (8.9)
1-3. 3@ 3(s5.6) 6 (8.8)
1—4 0 (0.1) o O o (0.1)
22 25{21.5) 24014.3) 49(35.4)
2—3  27(34.8) 18{33.0) $5070.4)
2—4 1 (1.0) o © 1 €0.9) .
3—-3  18(14.0) 31(21.2) £5(35.0)
. 34 1(14.8) o 0 1 (0.9)
v : 44 o 0 o 0} 0 0.0)
s Gene frequencies
1 .050 .068 .059
2 .519 .420 469
3 419 .512  .465
4 .012 0 _ .006
D —0.37 —0.491 ~0.333

Samp]e Group 1 was collected from the water 25 cm. from the lowest
water-line;

Sample Group 2 was collected from the water 1 m. from the lowest
water-line; o

(...) show the expected values.
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TABLE 6.4: GENETIC POLYMORPHISMS OF ENZYHMES AND EXCESS OF
HOMOZYGOTES IN 2 SPECIES OF CRASSOSTREI\,.MYTILUS

AND ABALONE.:

'
(&)
— v
~— T
e 4 —
o w L
Y @ oo
o [ o <
(%] 0o s
(%] [T 8 [ ol @] o
() . O Q > (o]
= QU S PN ——
> 0 o v o —
N S = —~ £ Ko
= jo J'o} x O —
w = — w o D o
Cressostrea virgTnica T e e e e —— .
AAT-) o g , . :
ESt‘B 5 - 2‘) .
LAP-2 5 + ~0.33 21) .
PGM-1 6 + -0.18 o2
GPI ‘ + -0.39 21)
. + -
Qstrec lurida [N E .0.12 21)
AAT s _ ~
GPI 2 - an
LAP 2 - - )
MP 2 - 42)
PGM 2 - “41)
Pinctzda fuacata (Gould) ' - 42)
LAP . .
+ -
Heliotis discus hannei ) 6.23 43)
Est-F 3 .
Est-S 3 . + —0.42 41) ‘
v Strombus luhuanus ,'::...'_-.. e . 44)
: GFI 24(5)
SOD N - 15)
- - i5)

Enz Ymes: PGM : Phosphoglucomutase



TABLE 6.3: GENETIC POLYMORPHISMS AND EXCESS QF‘HOMOZYGOTES

IN ENZYMES OF C. GIGAS.
R 72 ]
(%]
@
[ o wn
. J) X o
( : — W
s — (o)
. « Y- T
o o >
Y- O Y N
oo o.c UG
‘ — o [S 3821
. v w v = ©= o
D <3 ) - j SN &} Q
& Q= U E -+
> FoNJ] 0 o ) 4=
N E o™ E - — O :
e = : . . .
Y = = 5 D Bibliographies
ATT 2 , { 0 - - )
3 - - 31)
ACP ? ? - - 37)
AK 1 s + —0.26 - 31)
Cat’ 1 2 - - 37)
Est-2 1 5 - - 31)
Est-F 1 4 - - 38)
1 4 - - 38)
LAP 1 s + —0.29 31)
.7 3 - - 39
. 7 ? - - 31
(G MDH 2 { 0 - - )
.. & — —
4 ? - - k7))
MP 2 { [ - - ) .
o ’ _ -
? 2 - - 13)
PGM 1 3 - - 31)
v 2 s - - 10)
L GPl 1 i + -0.15 31)
SDhH 1 3 + -0.37 31)
SOD 2 0 - - 31)
2 { 0 - - 29)
2 - -
En Z.ymes + ACP : Acid phosphatase

AR Adenylate Linase

Cat :Catalase

Est : Esterase

MP @ Muscle protein

PGM : Phosphoglucomulase
SDI @ Sorbite] dehydrogenase

Refer to TABLE 6.2 for other enzymes.
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TABLE 6.2: GENETIC VARIATIONS AND EXCESS OF HOHOLYGOTES IN THE

ENZYMES OF THREE SPCCIES OF MYTILUS.

(..) shows the numbers
of allelomorphs,
gene frequencies
of which are below

(%]
(%3]
n [J]
- [ [3)
J] (&) =
L — L wm W
= — [o0) L
= [1e] G D -
= o o -
G - o o
o o o > <
) %) O N $-
v o wn [N o] I
) — .o O =] (o)
= Q S - O Aol
> Q 1 O [ 7, I ol Lol
~N S E & - O
fod @ e @ badl o i
18] (L} = — o D o
Mytilus edulis T - .
CAAT 1 34(2) + —0.23 34
1 2 - - 29}, 30)
AP 1 4 - - 29), 39)
1 3+(4) + —~0.05~—0.53 23)
GPI ? 34(46) - - 23) -
ICD 1 4 - - 29), 30)
1 2 - - 23)
LAP ? 3 + ? 35)
1 3+(2) + —0.313~-0.43 20)
1 3+4(1) + -0.33 29), 39)
1 3+(2) +- —~0.10~~0.29 23)
MDIH 2 0 - - 29), 30)
? (2) - - 23)
ME 2 . { 2 - - 238), 30)
2 - - 23), 30)
6-PGD 2 2 - - 29), 30)
2 +(3) - - 23)
M. californianus '
GPIl 7 4 +(1) + -0.30~ 0.39 19)
LAP ? 6 + -0.51~ 0.03* 19)
MDH 1 24(3) - - 19)
M. dermissus
v SOD 7 3 + —0.092~0.197*"  36)

Enzyme NamesS: AAT :Asparatc aminotransferase
(Glutamate vxaloacetate transamidase)
AP : Amino peptidase
GPI  :Glucose phosphate isnmerase
ICD  :lsocitrate dehydrogenase
LAP :Leucyl 3-napthylamidase
Lecucyl J-napthylamine hydrolase
{Leucine aminopeptidase)
MDiI : Malate dehydrogonase, NAD noxidoreductase
ME @ Malic enzyme .
(Malate dehydrogenase, NADP oxidoreductase)
6 PGD : 6 phosphoglucuse dehydrogenase
SOD @ Superoxide dismutase

{Tetrazolium oxidase)
( Tetrazolium reductase)

* Excess of homozygotes found only 1in Joung shell groups but not in

mature shell groups.

10.01,

** Excess of homozygotes only in the smallest group in the upper portion

of the tidal interval zones.
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TABLE 6.1: COMPARISON OF THE RATES OF GEHETIC VARTIATIONS BETHEEN
MARINE INVERTEBRATES AND A FEW OTHER CREATURES '

o ' .
4- O o
o O =
L (@]
[ 72] : <L
W o .
D o= Y
<o o w
pS o] ()]
. (3] .e—
T O + oy
o . o.
[1e PR = . [ie
0. 5
(7,3 U (o))
- O o @ o
@ = « e
L3> | S e} —
B e— L O 0
S o > >, o—
= 0 < N, o
Mytitus edulis .- /14 0.5 - 0.198 29),30)
Crassostrea gigcs ) 11./15 0.33 0.219 31)
Crassostrea nirgirica 8/11 0.47 0.643+ 21)
Homarus americanus 5741 0.11 0.¢33 31)
Limulus polyphemus 6/25 0.25 0.C61 33)
Drosophila rielasiogaster 8/19 0.42 0.119 33)
Mus musculus musculus . 12/41 0.29 0.091 33)

Human 20/71 0.23 0. 067 33)
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Tsutomi Nishida: Genetic polymorphisms of enzymes of Strombacea |
Conomurex. Aquaculture, 3, 6-8 (1978).
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Kenichi Numachi: Genetic variation of enzymos in Hyt11us edu11s,‘
Collection of Summaries of Speeches prescented at the Spring
Meeiling of Jap. r1sh Soc., 81 (]976)

N.E; Buroker, W. K Hershberger and K.K. Chew: Genetic variation
in the Pacific oyster Crassostrea g1gas J.Fish.Res .Bd. Can.,
32(]2) 2471-2477 (1975). ’
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Pressick: Biochemical genetics of lobsters: Genetic variation-
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pulations. J. Fish. Res. Bd., Can., 32, 2091-2101 (]975)~ “ ‘
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voutbreeding or the'artificia]]y procured seeds are u.s e d in wi]d»‘.

-182-

seeds, procured otherwise, will be widely adopted, involving various
creatures, in order to supply shortages of sceds; in order to induce -

spec1es of seeds more suitable to the ecological character1st1cs of
the

the f1sh1ng grounds; or in order to 1mprove/genet1cs of wild popu]a—~
tions. Actually, the 1mp1antat1on of oysters and sca]lops is nowbe1ng'
carried out commercfa?]y on a large sca]el The implantation of C. qlgas

on the west coast of the USA 1s a commer01a]]y successfu] venture

-

However, concerning the imolantation of C _g1qas in France, therc 15
e

th
a high probab1]1uy to cause , genetic destruct1on orPortuguese oysters,

vhich produce “the F2'hybrids by crossmg_easﬂy. Hl‘storlcaﬂ_y famous.
European oyster grounds have declined,@ne by one, ‘since 1940. However,
the strength of E;;gigg§~is due not on]f to fts»genetic charactérs;

but also it is due to the secd production techniques used; like the
strengthering treatmgnt of seeds. ‘Each'speciés has its own character-
istics. It is considered that the invertebrates- which, génera]]y\are'
found widely, comprise the characteristic local popu]at1ons, as is

the case of . the local popu]atlons of C. qlggg A1l the factors 11stéd>

above are va]uablu resources in the_genetlc breeding studies.Uhen the

populations, the conservation of wild populations in the artificial.

or wild conditions has to be conducted at the same time.
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rates and to combine the superior characters by uutbreediug, the know-
ledge of the relationship between the iucrease of heterozygotes and
the growth, the knowledge of the charactérs.governipg‘growth (as shown

in AAT in oysters), and the knowledge of the heritability and the

. genetic gain in each character,are rapidly being accumuTatéd. Also,

it is'possib]e to produce'seeds with better characters than the wild
Seeds, depending on the advances in genetic breed1nq stud1es and the‘f
subsequent deve]opment of the art1f1c1a1 seed procurement In order

to adopt the artificial seed procurement, mooote ot ss of genetic

breeding, the program and analysis are prerequisites. "It is consider-

ed that the widely used artificial seed'co]]ectiun will accompany the
development of genetic breeding studies and will be of practical use

in the future.

On the other hand. it is conﬁidoréd that in .the future;‘suue
genetic- breeding studies and thc resulting measures w1]1 he. neceﬁsary
for the creatures, for which the artificial seed’ col]oct1othave not” bes
adopted. The reason being the increase in human act1v1t1es, like
settlements of various types of constructlon in the sea, 1nc1ud1ng
equipment for catches,'the increaSed productiun and culture; also
the factor of water po]]ut1on, affecting nut only the size and the
structure of wxld popu]at10ns, but also the genetic const1tuents and
the phenotypes of these . populations. Accomp]lshments in the control
and measures of genetic breeding studies’ of wi]d populations ére

necessary in order to adyvance in the fle]d of having suff1c1enc1cs of

creatures of econom1c va]ue.

‘Implantation of the artificially procured seeds and the wild
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methods concerning the imagines. Cultural methods of rearing imggiﬁes
(pond- and hanging-cultures) have been developed for many species and

it is considered that these methods will be uséd widely in future. On
the other hand, however; it is a]soAconsidered that a method bf catchQ-

ing marine invertebrates grown in the wild will be adopted in the fu-

" ture with or without regard to stbcking the artificially procured seeds

or seeds_obtained otherwise.

The quantities of the seeds -, procu?ed mainly artificia11y,
must be increased to match the quantities of wi1d seedg;“thénsupp]y of
which is not constant due to the 'variable environmental conditions. |
The higher the increase of the seeds aftificia]]y pfocuréd, the more
involved are their genetic Chéracters and chdracteristics, the méré
l1ife activities and the better charécteré.gconomica1]y Can_be expect-
ed from the seeds; a]so; mor e SUitab]e.genetic‘éharacters fof
each fishing ground -will bé required, as well as 'better methods df ,

culture and of increasing the production. _

The increase of homozygotes, caused by the inbreeding, being

“harmful to marine invertebrates, was confirmed by the cytogenetic Q

studies, the cross test and the analysis of polymorphisms in the

wild populations.

An artificial seed procurement on a large scale is an experi-

ment for genetic breeding studies a]Sp on a large éca]é.; Differently

~from the seeds produced in the wild by large parent populations, it

is possible tb préduceigenetica]]y very inferior seeds by artificial-

crossings. As the result of the possibility to increa§e the survival
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their phenotypes were divided into factors by analysis of the variances
énd were quantified. Heritability is the ratio betWeeh the'veriance
due to genet1c factors and the entire variance When it is close to 1,
the possibility of a genetic character is. 1arge. .It'is eipected.that‘
characters with heritability larger than 0.2 can be'improved by se1é£}>3

tive breeding.  The effects expected from the selection are shown inw"

1the co]umn of expected se]ect1ve effects UABLES 6 10 and 6. 11) These~

values show the quantities gained by one, generat1on in the 20% 5e1ect1on

of the shells.

Viewing the results obtained, some of thein show her1tab1]1ty
larger thanv1, but it is cons1dered that there may be errors in. some.
figures. However, in gencral, many characters - show higher her1tab111ty

than expected. If the heritab?]ity of each character can be est1mated

"the genet1c characters and the characters affected by the env1ronment

that is, the characters which can be affected on]y by the 1mprovements
of the fishing_grdunds and cultivation methods,'can be d1st1ngu15hed.
In this respect, 1t js expected that the evaluation of her1tab1]1ty
will promote not only the breeding stud1es, but will also prov1de
1mportant guidance for breedxng and cultivation studies. Furthermore;,
1t'1s des1rab1e to organise experlmenta]]y on a ]arger scale these |

studies, adopting the various theories and methods of analysis.

4. Gcnetic'breeding studies in the future

In order to increase the product1on, cu1t1Vat10n and eventua]

use of marine invertebrates, the following are con51dered to be most

important: availability of seeds and the cu1t1vat1on and contro]

.
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A remarkable inbreeding effect onltraesestrea'viréinica was
reperted (27). 1In the full-sib cross; 63% of their eggs were not
ferfi]ized and only 39.of the ferti]ized.eggs developed norma]]y;
While, in the 0utbreed1ng, only 13% of the eggs were not fert111zed
and‘70% of the fert111zed‘eggs developed norma}]y. A]so,-ln_the fu11—
sib cross lines, many cases of pﬁrthenogenesis were found.. The.qccur-
rence was 10%, but only 0 5% in the contro]"'In another case; it was
reported that 1t was 29%, but only 7% in the control. The suerva]
rate during the sw1mm1ng period of larvae in the fu]]esib_crbss is
one sixth of that 1in the’outbreeding Tines. Tﬁis difference.increases_

in the later developing stages of_'th.e larvae. - _ _ .

3.3 Genetic and environmental distributions

The environmental conditions of the fishipg_grourdé vary, de-
pending on the years and the sites. Therefore,'if cannot easT]y.be
clar1f1ed how much each character in particular a quantltatlve charac-
ter, 1s controlled by the genetwc factor how qreat are the genet1c

differences between the sampTes, and also how wuch are their characters

'affected by the env1ronment "Recently, a theory of selective breed1ng,A

using population genetics, has been deve]oped, with exce]]ent resu]t‘

1nian1ma] husbandry. This theory ana]yzes the genet1c and environ-

"mental distribution of all characters and provides important guidance -

for selective breeding.

On the basis of this theory, Lannan {24) and VWada (25) étudied

C. gigas and Pictada (TABLES 6.10 and 6.11). "The procedures wore Simi-

Tar for both species (28): after several groups were crossed and the1r

offspring were cu1t1vated in the same conditions, the d1str1but1ons of
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" 3.2 Iﬁbrocdind and outbreedind

Various characteristics of local populations of C qlqas are -

observed clearly in the 1 - 3 generations of pure-bred ]ines in the

different fishing grounds, and itis obvious that these characteristics .

"are caused by genetic factors. All characters of the first generation

(F]), obtained by crossing, show the Tntefmediate.Characteristicstof 

both pérents {FIGURES 6.4 and §.5; TABLES 6.8 -and 6.95."Simi1ar1y,

the taste was improved by crossfng with oysters bred’in H{roshima. ‘

In the first generation (F]) of the hybrids, the morta]ity is loﬁ_wheﬁb
compared with that of'the'pure—bréd‘]ihes, eicept’in thé case when the -
Hiroshima breed was used as a.matefnal parent;. Also heterosis was

found in this case (TABLE 6.9).

In the secand generation (F ) obta1ned by crosswng Fis
w1thout 1so]at1on of any characters,.11ke morphs,'a distribution

simi]ar to F] was demonstrated. This shows that, 'Simi]ar to various

" quant1tat1ve characters Pnown gonera]]y, “the morphs and g]ycogen con-

“tents arc not contro]]ed by only one gene, but awa contro]led by

polygenes.

Concerning many animals, it has beéh‘reported that the inbreed-
iné depression, gradually décreaéing the Wife‘activities, in ‘general,
is caused by repetitive inbreeding. Using C q1ﬂg§, a full sib-cross
was méde for three generations; but no ohvious lawering of the 1ife
acti?ity.was found. However, the fourth.geﬁeration'cou1d not be obtain—
ed in any of the Tines and, when a crossing of different pobu]atiohs‘of

the third generation was made, a tendency to recover the health charac-

ter was observed.
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Both the whole body weights and the soft body-portion weigﬂts
are heavier in the northern breeds with statistical sjgnificance, as
demonstrated in all test fishing grounds, from the Tohoku région to
the Ariake Sea. The fattening index* is larger in the southern breeds

which have deep shells. . However, it is smaller in the Kumamoto breeds,
than

‘wh1ch have gonads even during the w1nter Jthat of the H1rosh1ma breeds.

G?ycogen contents differ in the test r¢g1ons. The Hiroshima b(eeds
shbqed the highest content of 511 other regions, fq]}owed'by‘the-miya-
gi, Hokkaido and Kumamotd breeds. - Concerning tasté;‘the.eroshima .
breeds aré~dec1ared overwhelmingly to be the best, as demdnétrdtéd 5’
the panel test: whi]e.the.Miyagi and.Hokkaidb bfeeds‘are safd'to bé
the worst. The Kumamoto breed, with its Tow g]ycogen cdhtent;'écchpies
second p]acew However, it is considered that no quantities of g]ycoé

gen, related to the developmental stages of .the storage t1ssues, af—

" fect the taste directly, but that other factors which affect the taste’

comprise a wide range in the southern breeds. [* .According to the matu-

ration_(spring-summer), the’egg spavning (summer) and the development.

_of storggq-tié;bgs;jphq'chéracteristics and theAwejghts of the soft

- body portion of oysters véry'greatly. "As an index to show'thé soft:

body portion, generally the fattening index (conditioning indei) is ."

used, as shown in the foi]owing équation:
) ~dry weight of soft bédy portion
X 100.

volume inside of shell _ _
When measuiring the growthy the weight with seasonal variations is not

used, but the -shell size, like the shel]l length, is .used.]

e n mm v e e LA o R e e e -
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of eggs and active sperm even in the cold of Megawa Bay during the
winter. On the other hand CJ gig “bred in Hollawdo and M1yag1
mature during the period from early to mid summer. The f01]1c]es of

mature gonads are full of even]y homologous eggs and sperm-in large |

'quant1t1es " This is obv1ous]y different from C q1gas bred in south-

ern reg1ons, ‘the reproduct1ve cel]s of wh1ch are very few in some de—
veloping stages and are conta1ned in the -o]]1c1es,'§paced in a cert—

- ) -

ain manner.

. Since 1961, Jarge_Quant{ties of oysters have perished in Ma-
tsushima Bay. It was eonéidered‘that this.was caused by a physio1o;-"
gical abnorma11ty related to the maturation and the egg Spawnvng in
overnourished conditions. . However, the morta]1ty'of C q1qas bred
in H1rosh1ma was found to be 14%, using the."hanging" test in Matsu~
sh1ma Bay at the same per1od This was obvxous]y small, when compared
to the 40% mortality of C g_ias, bred in Miyagi. It is thought that
this is closely related to the fact that most of the body of C g_gas
bred in H1yag1 was occup]ed by mature eggs 1n large quantities a]] at

once, but C g_gas bred in Hiroshima were not occupied by the mature

~gonads all at onee'(25).

v

: The spawning pericd is the earliest in'g;;giggi bted'in Kuma- -
moto; wheﬁ'cu]tured iﬁ Megawa Bay; followed byrthOSe:in Hekkaido; Mi-
yag1 and H1rosh1ma (TABLE 6.6). It is considered that this order is
not in agreement with the geograph1ca1 d15tr1but10n and relates to

the tendency of multi-maturation and to the temperatures needed for

maturation. : . : - . , ) .
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Quantitative characters and economically important characters
of marine invertebrates have been stUdied only by Imai and Sakai.(l);
also by Lannan (24) conccrn1ng C. q1gas and Wada (25) concerning

Pinctada.

'groups -

Imai and Saka1 (1) clarified the genetic d1fferent1at10n of. lo-

cal populations of C g_gas by art1f1c1a1 fertilization and artificial

co]]ection of seeds. When C q gas, bred in Hokkaido, M1yag1, H1r01.

shima and Kumamoto, and 1 - 3 generations of pure—bred she]]s were cul-

tivated in the same conditions, the shell morphs, the flesh weight, the

ratio of the flesh weight to the whole body weight, and the growth

showed'differences of a cértain.pattcrn,.coinciding with the gepg%éph—
ical distribution of tﬁe shells. _A]so; as the result of the "haﬁging"
test iﬁ several fishing grounds, oysters bred in fhe-northen1regions;
Tike HokPaido and Miyagi, adapted well td the fishing grounds, ]ocated
in co]d water at high 1at1tudes, but showed a h1gh mortality rate in

the fishing grounds lecated at lower latitudes. Oysters bred in ero—

shima showed a stght]y higher morta]ity-rate in the fishing grounds

atﬁhjgher latitudes. Oysters bred in Kumamoto were healthy, even in

the cold water regions.

The qﬁantities}of egys spawned and the fatfenipg indei: ré]ating
to the production of seed and flesh oysters, showed differences in lo-
cal popu]ations.“él;éigéé, brqd in southern‘régions a]ways have young
productive cells on their follicle epithelium; they form gonads.thropgh

out the year; and tend to spawn eggs many'times in one year. In a typ-

ical case, é;'Qiggi , bred in Kumamoto, can produce'h'sma]] quantity
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it has also been reported that no AAT - 1 types relate to the hetero-

zygosity of gene loci of the other 4 enzymes.-

Results concerning shells have been described so far; reports

- about shrimps are increasing. Concerning American 10bsters'(HomarUs

amer1canus) bred in e1ght reg1ons, Tracey (32) ana]yzed 28- 4] gene

‘1oc1 for each sample group and reported that the overdomxnance of

homozygotes was found more in the sample groups obtained offshore,

and, espec1a11y, in one sample group. obta1ned in Maine, wh1ch showed .
an excess on a s1gn1f1canu level. Concerning th]S fact a]though 1t’
is cons1dered that the lTobster popu]at1ons are d1v1ded by catches,

there was no proof of this.

el

3. Genetics of quantitative“character§'and'breédinq.

Characters are usually classified into. either quantitative or

polymorphic characters. Like the variations bf_enzyme molecules, the .

-variations of several morphs are called po]ymorphism.?*; while in the'l'

case of variations between individuals, when'they‘are constant and_the
characters can be measured only by quantity or by numbers, they are

called quantitative characters. As quantitative characters, there are

.vafjeties covering from morpho]@gica1 characters (Vike body length,

weight, skin color and the patches of domestic animals}, the rateskofn
grnwth and numbers of eggs spawned, to the prnductive and bischemical

characters. Many efonomicaf]y and commefcia]ly importnnt characters
are quantitative characters. [** Po]ymorphism; Originally, pd]ymorphism

was used to express phenotypes or morphs. "Since the population studics

using enzyme variations or blood types have advanced, polymorphism is o

defined with regard to gene f}equencies.]”




P

-,
L

-172-

~pulations*. In this case, the rate of genes which will be homozygous‘~'

and.the rate of ‘harmfu]_genbs_in the homozygotes for every generation.
must differ greatly, depending on the individuals. As shown Qn then1eft
side of FIGURE 6.3, fn some caseﬁ, depending on the individualﬁ, all

gene ]oc1 are occupled by homozygotes,‘ but in othef"éases,‘holhomo—.
zygotes are present It is considered that the homo- or hetero~zjgo—
sity of individuals, exbrgssed by the sum of the polymorphic enzymes, -
show the homo- or hetero-zygosities also in many gene groups (§ehetic'
background). When the.gene_groups bf a certain individda] are more .

homozygotic, its growth is poor and, generally, it perishes. It is .

considered that, 'in this gaée; the selection does not directly relate
to the polymorphism of enzymes, bu't to genomes. "[* Previous]y;‘thé
dgviation.due to the equilibrium in the numbcrslofhhetefoiygotes_was
shown as D = (Ho - Hé)/He. When the inbreedfng‘factor is F, the;ob-
sefved number. of heteroiygotes is e%pected to.be 2pq(1;F) = 2pq—2qu.
Therefore: D = [2pq(1-F) - qu]/épq = -F. D is.equal to the inbrecd—»
iﬁg factors when its symbol is changed. D values in TABLES 6.2, 6.3 |
and 6.4 show ;'0;05 ~.~0.55; howévéf: ihé>inbreeding factors of |
half-cousin crosses, cousin or sib crosses énd,the‘parent—offspriﬁg

crosses are 0.031, 0.063 and 0.25, respectively.]

L 4

-

On the other hand, fhcre are some cases,'when the po]ymorphism-

-of a single enzynme, like AAT-1, relates to'the growth (FIGURE 6.3,

right side). S1ngh and Zouros (21) reported that it is dlff1cu1t

to consider that the AAT - 1 (p‘= 0.619), a11e1omorph with the hlghest
frequency in the population,-has a ljhkgge to a harmful gene with
complete dominance; on the basis of data from othér cases. ’ They also

reported that individuals with homozygous AAT - 14 grow we]l. ‘Then,
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are- (20,21); also that? with Tean shells, homozygotes eppearqwith

greater frequency than that of heterozygotes'(ZZ).

The following are considered to be the causes of the excess of

'homozygotes- 1) errors due to co]]ect1on methods, 2) the existence df .

Nul] or silent a]]e]e5~ 3) there are d1fferences between the adapted ‘
va]ues of genotypes, therefore, gaps are produced in the, genetlc equ1—;
Tibrium by selection (23); 4) a popu]atwon conrises: several sub—p0~:_”
pu]ations,Atherefore, there is a Wahlund etfect; eah;ed hy’the.miXthre'
of larvae ne]eased’from_narent_groups with diffehent_genehfrequencieﬁ

(19); - 5) inbreeding or selective crossing in the same lines (21).

Recently, Singh and Zouros (21) reported 1nterest1ng stud1es '

......

.of these_prob]ems. Concernlng C v1rgwn1ca, co]]ected at a p]ace on

Prince Edward Island and cultured for one year; " five po]ymorph1e en—

zymes were ana]yzed and the resu1ts are shown in FIGURES 6 2 and 6. 3.'

“As one can see in TABLE 6 4 ; vwrg1n1ca" shows a swgnwflcant excess

of homozygotes in 4 of 5 gene 1oc1, eyc]uded is one gene locus, re]at—'
ed to AAT - 1. Therefore, the presence of many homozygotes, shown 1n
TABLES 6.2,6.3 ‘and 6 4, cannot be exp1a1ned by coT]ect1on errors

Alsg, it is not correct to assume that the Nu11 or s1lent a]]e]egappear

>

in var1ous enzymes of on]y shells or marine 1nVe1tebrates

In the caseiof:nenthhjton, like oysters, even if the_Hah]hnd
effect was caused by the settlement of.]arVae'gnouns as a maés,‘brodnced
by a cross of the shells sett]ing next to each ether or near by, or wes.
caused by the mixture of more than two jroups.of larvae, it is thoughtA

that there are considerable numbers of cases of ‘inbreeding in the po-
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which were procured from the coastal wall of Yamashita Park 1n Yokaohama.
On the assumption that Hardy Weinberg's Law can be app11ed to this po-
pu]at1on, the expccted values of all phenotypes were calculated from
the gene freQuencies_obtained? shown in parentheses in TABLE 6.5.

'Hhen comnariﬁg'the observed figures with the expected va]ués'fbr each
phenotype, the observed f1gures were ]arger for homozygotes,.as in, the‘
cases of 2 - 2 and 3 - 35 but the figures were - sma]]er than the expect—
ed values for heterozygotes, as in the cases of.2—3,1—2"and 1-3." The
differences between both figures are~sjgnificénf, when they are check=
ed by the chi-squared test. Theréfore, when these diffirences are
“shown as D = z[ (Ho - liie)/He], the val.ues obtai’ned ar‘e‘shown. in the.
bottdm.1ine of TABLE 6.5; Ho and He are the observed and exbected_
values éf heterozygotes, respect1ve]y Hﬁen the obqerved values agree
with the eﬁpected va]ues, D = 0; but 1n the case of an overdom1nance

of homozygotes, that is, when heterozygotes are fewer thar the expect—

ed Va]ues, D will be negative.

TAELES 6.2, 6.3 and 6:4 show fhe ekistence"of an‘bverdominance
of homozygotes on-a significant level and also the values of D. 1In
general, phenotypes, coinciding with the ekpecte_d va]ues;‘ a,ré Tound.
many biological popu]ations:'Jike'ffshf.'TABLES 6.2, 6.3 and 6.4 show

that there is an excess of homozygotes, but that there are shortages

of heterozygotes in the various gene loci of shell populations.

Concerning the excess of homozygotes, it has been known that:
1) an excess of homozygotes is found more often in young shells than
in matured shells (19); 2) when.shells are studied in the same place,

it is found that the better their growth, the more heterozygous they

P e m e S . t - Sa e teaw
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to unimorphism. The remaining 7 gene loci are unimorphisms.' The aver-
age rate of heterozygotes. is 0. 198 Th1s f]gure is qu1te h1gh, uhen

compared to other species, similar to the case of C gas It is

| ~considered that such high variabilities are’ re]ated to the dlfferences_

“in env1ronmenta1 cond1t1ons and geograph1ca1 1ocat1ons, wh1ch change

radically, for 1nstance, the 1ntert1da] zones and other coasta1 areas.?

" However, since starfish and snails live’ .~ -in deep seas,_1 e. in a

steb]e environment, also have a s1m1]ar var1ab1e feature to those in
TABLE 6.1, it is hard to explain th1s varlable factor on1y by‘env1r0n~

mental causes (17,18).

Concern1ng bivalves and snax]s, Tike Myt1]us, Crassostrea ;tf'

and ab&]one, found along the coasts’, the enzymes w1th polymorphlsmsxhe
numberS»of_gene loci related to these enzymes,Aand the numbers of
allelomorphs are summarized in TABLES'G.Z, 6;3 and 6.4. FIGURE 6.1
shows the distribution of the numbers of e11elomorpns in each genello—
cus, taken from the above TABLES So]1d ]1nes show the d1str1but1on
of the tota] data (exc]ud1ng a]]e]omorphs w1th frcquenc1es Tower than
0.01, wh1ch are shown in parentheses in the TABLES) Broken 11nes , |
show the d1str1but1on represented by the fewest numbers of a]]e]omorphs,
w1th d1fferent data concerning the same, qene Iocw. Average numbers of
a11e1omorphs are 3.34 and 3.16 for each case. .There are a 11tt1e over

3 allelomorphs in a polymorphic gene locus.

"It is a most remarkable fact in the~genetic'po]ymbrphisns of
shells that the overdominance of homozygotes is found in high frequen—"

cies. TABLE 6.5 shows the frequencies of phenotypes {genotypes) and’

the gene frequencies of Leucyl-g-naphthylamidase in h}tifus'edn1%s
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and fish. Furthermore, these studies havevbeen Qeve1oped in various
other fields, ]fke popu]ation‘genetics and mo]ecu]af ponu1ation_genetics
(16);- Studies of marine invertebrates from this aspect were activated
suddenly, after 1970, particularly after 1975.° . o |

TABLE 6.1 shows the ma1ntenance rate of enzyme var1at1ons 1nm
each species or popu]at1on. Nhen summar121ng the resu]ts of a]] spec1e<
stud1ed so far, polymorpmsms’c were found in near]y 30% of the: gene locti,
and it is generally considered that the ratwo of - heierozygotes is 10%,
on the average. [* Eventua]]y, harmful genes should be banished by‘:
lection from popu1at1ons However, somet1mes these genes rema1n in
popu]ations with gene frequencies'be]ow 0.01, due to the balance bet-

ween the selection and mutations. The case when more than one a]]elo-‘

“morph co-existswith a higher frequency (>0 01) than expected in the bal-

ance between the mutation and the wild se]ectlon, is ca]1ed po1ymor-
phism. Some scientists qon$1der more than 0.05 is necessaryi] Thet .
is, 1in a1individua1, there are different kinds of ai]e]omorphs (Hete;
rozygotes) in 10%.0f the gene’loci. This fjgure_is mueh hjghenAtnan.
eXpected'_ The structure which maintains_ genetic polymorphism with sucnv

stud1ed continuously from var1ous aspects and 1is st111 stud1ed even

high frequency is of concern to many sc1ent1sts, and this has been

at present. From TABLE 6. 1 it 15 clear that mar1ne 1nvertebrates

have genet1c po1ymorph1sms w1th high frequency, as genera]]y cons1dered

at present, and some species have even higher frequenc1es than the

above figures.

Concerning'HytfluS“edu1is shown in TABLE 6.1, 7 gene loci, or
50% of the total of 14 loci of.this species which have been studied,
are polymorphic. Among these, it was found that the rate of hetero-

. i 1o . .
zygotes (allelomorphs) varies from highlaround 0.02, which is close
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It has been known that in many creatures, like Drosophila, chro-

mosona] var1at10ns occur and are ma1nta1ned in the same species, accord-

ing to the geographical or seasonal changes of thejr envwronment (9)..

Purpura lapillus, a type of snaw], has pqumorphxsm, n = 13 and n = 18;

_which is related to_the environﬁent of their habitats. Also, it has

beee reported that; since these'two.types~can be crossed,'sneils with
varioue chromosomal humbers between both types are reproduced and the :
frequency of their appearahces-is rélated to theif enVironmenfa]ﬂ?geo-.
graphica] distribution (10). Concernihg bivalves, polymerphisms iﬁe

Hytw]us edulis and M. californianus have been reported (11). However,

no po]ymorphlsm has been found 1n C 'virginica, which has been studied

rather 1ntensxve]y.

Similarly, no chromosones of oysters vary between their genera
or between their specwes and 1nd1v1dua1s, a]so, their, numbers are very

stable. However, in C v1r91n1ca, bred in Long Island Sound, abnorma]

chromosomes or abnormal nuclear divisions have been found with great
frequency (12). It is considered that_these‘ahnorma]1t1es may have

been caused by poisons due to water pollution.

2. Genetic poTymorphiéhs of ‘énzynies’

¥
.
-

By ski]]fu11y blending together ge]—e1ectrophoresis; iso]atinj
protein mo]ecu]es with precision, and the sta1n1ng methods spec1f1c to
enzymes, developed in systems-chemlstry in 1963, Markert (13), Show et
al. (14) and Boyer et a]; (15) demostrated clearly the genet1c contro]s

of LDH (Lactate dehydrogenase igozymes)‘and their variations in man and

cows. Since then, studies of the variations of enzyme molecules have

phila..

advanced"rapidly Wwith péftieuiar regérd to memmafs {man), Rroso

. e . : . . vl .
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popu]at1on—genet1cs and breeding-genetics. Here; these studies are
summarized and introduced! as well as the future and the mean1ng of

the genetic breeding of marine invertebrates are described.

1. Cytogenetic studiés ' .

Cytogenetic studies constitute an important basis for breeding
and genetic studies. There are already studies concerning bivalyes ,
like oysters and some snails. Oyster spats are released in the inter-

mediate stage, during the maturation division, between the prometa-

| phase and the metaphase I. Longwell et al. (3,4) developed a metho‘

of observing chromosomes clearly and in detaii by removing -the fats of
yolk granules, using the micro-soxhlet extraction method. These scient-

ists reported that the chromosome numbers of Crdssostrea virginica are

n = 10 and that ch1asmata are -found in their chromosomes. Thereafter,
chiasmata were found also. intbivalent chromosomes dur1ng spermatogenes1s
Then, it was established that ma]es and females cross over during gamn~‘

togenesis. Oysters cross well between species; a]so, some oysters,-

- 1ike Crassostrea gigas and C. ‘angulata, easily produce second generation

of hybrids. Chromosome numbers of both types of the GenUS‘Crassostiia

in the oviparity stage and Genus Ostrea in the larval stage are n = 10.

No't only the chromosomal numbers of oyster’specics;:but also their
shapes are so similar, that their types and genera cannot be distinguish
ed by ‘their shapes (6, 7 8) Menzel (8) studied 4 families of bivalves
and reported that all species in thesc families have the same chromosome

numbers. In so far as it is possible to know now, it is considered
that less chromosomal differentiation occurs in bivalves at the level

of classification be1ow"fami]ies?'
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ARTICLE, .6

Author: Kenichi Numachi
Qzuchi Marine Research Center
Institute of Oceanography
University of Tokyo

INVERTEBRATA

Marihe invertébfates, Tike stters, abalones and shrimbs,.afé
commercially important everywhere in the world and, therefore,are tar;‘
gef éreatufes for reproduction, cultivation and catches, These marine
creatures are‘found’along the coasts and inside the bays. More and
more every yeaf, they are being reproduced in cultivation; and their.
seeds are being subp]ied by artificial seed'collectors'.’— by mah.
Cuftivétion of these creatures wi]iibe deve]obeq'even furthér, USiﬁg\'
measures to promote the "cultivation fiﬁheries", the objective 0f 
which is a better ptanned reproduction and‘“.more efféctfve use of
the fishing groﬁnds. . However, the bfeeding ahd.genetic‘réséarch~on
aq&a-creatures, as well és all other measﬁres invo]ved; are ]ggging 

very much behind agriculture and animal husbandry, both of which haye~

been studied for a long time.

Imai (1) and Loosanoff (2) have studied genetics and the breed-

ing of oysters (C. gigas) since the 1940's. Also, in the last half of

the 1960's, and ear]v in the 1970' s, g_gaq havo been stud1ed 1nten—

sively with the view to 1mprov1ng cytogenet1cs, genct1c b1ochemxstry
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FIGURE 5.8: RESULTS OF RECIPROCAL CROSS EXPERIMENTS OF RED
- AND GREEN TYPES OF SUSABINORI(PORPHYRA YEZOENSIS)

W: wild type R: red type G: . green "cypé
' Y: yellow type '
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FIGUﬁE 5.7: RESULTS OF SERIAL CULTIVATION OF WILD, RED AND GREEN .

TYPES OF SUSABINORI (PORPHYRA YEZOENSIS), FERTILIZED

W: wild type
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CULTIVATION EXPERIMENT WITH THALLUSES OF THE GREEN
TYPE OF SUSABINORI (PORPHYRA YEZOENSIS)

materna] a1qae, thallus with dapples of the green type
section (dotted area) and the wild type sectxon.

maternal a]gae pieces, taken from the green type section

cultivation method of maternal algae pieces C

_germination of thalluses and tr1chomes, generated fxom_

maternal algae pxeces

tha11uses of the green type generated from maternal ‘.
a]Jae pieces . :

carpogone (1left), antheridium (eenter) and carhogone

generating carpospore (rlght), formed in tha]]uses of
the green type

carpospores
trichomes of the green type,fofming sporanéium

shell-spores

thalluses of the gréen type generated from she]1—§pores.
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FIGURE 5.5: RESULTS OF SERIAL CULTURE OF CHIMERA THALLUSES WITH SECTIONAL'bAPPLES,CON_

SISTING OF THE WILD TYPE SECTION (BLUE BUD) AND THE RED TYPE SECTION (RED BUD)
OF SUSABINORI (PORPHYRA YEZOENSIS) | |

........................

Maternal algae o st genefation of . ISt generation of . an generation of an generation
section L trichomes - . thalluses - = trichomes > thalluses
Blue bud : Blue bud Blue bud type Blue bud
(normal type) + Blue bud type *{Red bud ” Red bud type ” Red bud
Red bud o Red bud Red bud type Red bud
_(variant type). .‘f R§d‘bud.§Xpe' 7. Blue -bud R " Blue.-bud. type. ~.Blue bud

Spontaneous

fertilization .

Cytop]asmié
inheritance

Nuclear inheritance . Self-fertilization . Pure Tine

=191~
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FIGURE 5.4: BIO-VISUAL LIGHT ABSORPTION CURVES OF THE WILD AND
| VARTANT TYPES OF THE TRICHOMES OF SUSABINORI (POR-

PHYRA YEZOENSIS)

wild type S v

red type

e “green typeé

——— = - yellow'type

Rate
C

Susahinori (Porphyra yezo-
ensis)trichomes

Absdrption

RS 530 . 600

Light waves length (rm.)



FIGURE 5.3: BIO-VISUAL LIGHT ABSORPTION CURVES OF THE WILD
" AND VARTANT TYPES OF THE THALLUSES OF SUSABINORI
~ (PORPHYRA YEZOENSIS) |

wild type
_-— - red type

————— " green type
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FIGURE 5.2: STYLES OF CHIMERA THALLUSES MWITH SECTIONAL DAPPLES
" OF SUSABINORI (PORPHYRA YEZOENSIS)

- ' W: wild type sectfon
(x R: red typé section
| G: green type section
&




FIGURE 5.1. CHIMERA THALLUSES WITH SECTIONAL DAPPLES OF
| SUSABINORI (PORPHYRA YEZOENSIS).

SN wild type section
R: red'type-settion

_G: green type section
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“Akio Miura and Akio Kaneko: Dappled chimera Nori of new type;

Abstract of research presented at the .Second Spring Confer-
ence of Jap. Algae Society; Algae, 26, p.45 (1978).

Takaaki Takahara, Akio Miura and S. Yuda: Cultivation exper1ments
of the green color mutant of Susab1nor1 (Porphyra yezoens1s) The
Sea, 14, 58 63 (1976) :

Akio M1ura, Chikao Kobayash1 and Hisashi Asai: Results of crosslng
experiments of red and green variants of Susabinori . (Porphyra
yezoensis). Research records presented at the 43rd Conference
of Jap. Plant Soc1ety, p. 80 (1978). :
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1. Section of Genetics and Breeding, Inst. of Oceanol., Academia Sini-
ca and Section of Seaweed Cultivation, Inst. of Mar. Fish. Quing
dao: Brced1ng of new varieties of haidai (Luminaria japonica,
Aresch.) with h1qh production and high jodine content. Sc1ent1a
Sinica, 19, 223-252 (1976) ' o :

2. " P.P. ShacP]ock D. R Robson and F.J. Simpson: Vegetatlve propaga~
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considered that the red and green types of Susabihori'(Péﬁpﬁjr&”yé20n
"éﬁéii) are controlled by a simple, recessive mutant gene with differ-
ent gene Joci. It was.eXperimenta]]y confirmed that the color heredity
of Susabinori occurs as a nuclear inheritance throughout the entire .
'life.tyc]e.?'Also- it was cohfirmed eiperimenta]]y that fhe color typé§
of the chimera- tha]]usos with sectional dapp]es are generated from |
~heterozygote—tr1chomes Furthermore,'a variant of the green type;".
iSo]afed from the chimera thalluses ulth‘dapp?es of green type sections,
already is in ﬁu]tivatibn commercié11yl The‘tharacterisiics of these |

variants. are: high immqni’cy to the disease of "red-decomposition”; ‘

the dry products of this type are highly flavorful; and their sweet-

ness 1is strong

It is desirable to develop further the:genetic and cultivation
studies of the color types, described above, and, at the same time, to'
create new species by crossing and cultivating on the»baéis of the

studies and achievements made so far.
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heterozygote-trichomes, and these chimera thalluses covered “four of
the color types isolated in the‘first.generatibn of thalluses, but -
each comprised two or three color types. Concerning the chimera thal-

luses with sect1ona] dapples of two color types,~a]1 six comb1nat10ns

-of thL two color types, pred1cted theoretically, were observed Fur—

thermore, it was clarified that the format1on of the ch1mera tha]]useg .

with sect]onaI dapples is not heritable.

Mihra (4,12) reported that ch1mera tha1]uses wtth sect1ona1
dapp]es are formed by a mutation of nutritive ce]]s in the tha]]uses
However‘.cons1der1ng the resu]ts of the above cross experlment and
the fact that the frequency of these chimera- tha11uses reached 80%
in cu1t1vated popu]at1ons,.1t is not appropr1ate to assume that the
ch1mera thalluses with sectional dapp]es are in fact formed by a ‘.-~

mutation of the nutritive cells.

Similarly, with regard to the formation of dappled chimeras

(moéaics) of Ogonori (Gracilaria), estab]ished.by,Vah der'Meer’(7), dﬁ

it is considered that, in the case of Susabinori (Porphyra'yezdengis),

the chimera-thalluses with sectional dapples . are formed by‘the:germij
nation of spores with two or four nuclei of different color types,
whiﬁh are produced due to the mitosis without_the cytop]ésmic fission -

in the stage of meiosis of the. heterozygote-trichomes,

According to the resultsof the reciprocal cross eiperiment
described using the red and green types,’it,Was clarified that, in
the crossing of the monoecism - Nori, the'heterbzygote~trfchome5'(hy~

brlds) can be 1so]ated us1ng the color var1ants as markers It was

AT B S T B TS e By S € T SRS T R




e g g T b s e

[Py SRR SEE T S DEEEE RS SSE L L

thesce trichomes of the wild types showed the isolation of the color
types in the first.generation of the thalluses, it is cohsidered that
these trichomes are heterozygotes. Among .the color types isolated,

the red and green types are appareni]y_of the same color type as the

-parehts, and it is considered that the yellow-and wild types are recombi

nations of the réd and green typésj S1ncc the ch]mera-mtha11uses w1th
sect1ona1 dapples comprise a comb1nat1on of the red, green, wild or’ 'E““
yellow types, it is cons1dered that the co1or typesof the chimera- thaI—V
lTuses with sect1ona1 dapp]cs are shOW1ng isolation of the color types
similar to the tha]Tuses with one single color type. Th1s 1so1at1on

of the color type of the parents and of the. c010r type of the recom-

bination into four kinds of co1or types shows that the red and green’ ty-
pes are controlled by a simple genc with different_gene-]oc1 for each

of the‘co]ors. A1so; sinceﬁthe co]br types of the heterbzygote—ifichomeé
isolating four of the co]or types aré thé wi]d'types; it is considered
that/EHg Eﬁgl?ggegrggntﬁgp§g]?gs ¥§SSS§;XG§ gggo%ﬁ?%atlon type with |
genes of both the red and green types; as well as. the tha11uses of .

the wild type, which are a recombwnat1on type without both the’ red and
~green types. The ye]]ow type was a color varlant.generated and isolated
for the first time in fhes.e crbss—ei‘perimentsﬁ: - ‘ |

-~

pue to the vegetative Yéproductﬁon of Susabinori (Porphyra yezo-

‘fens1s) 11bcrat1ng monospores (neutral spores’) during the’ p]umu]e period,

it is difficult to obta1n the jsolation ratio of the color types accu-
rately. Therefore, 1t has not yet been c]ar1f1ed whether the gene‘
loci of the red and green types are in the same chromosome, or in dif;
ferent chromosomes. Also; in this reciprocal cross eiperiment, the _

chimera thalluses with sectional dapples were generated from only the
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“When the red types were used as maternal a}jae; red and wild
types were gencrated in the first generation of trichomes. 1In the first
generation of tha1]use§}"on1y the red types were produced from the red

types of the trichomes; red, green, wild and yellow types and the chimer

‘with sectional dapples were generated from trichomes of the wild types.

Mosf of the chimeras with sectional dépp]as have two different color
typeé;ihaVing received them from the réd:.greeni wild dnd:yeTIONltjpé;:Q
In sdme cases; the chimeras have two differeﬁt color types and‘thé éamc
color type occupies two sections. Also, sometimes the chimeras haie.
three different color types. In these Crbss_e%pgrimehis, in é]i thc‘

reciprocal cases, trichomes of the wild type were generated in addition

- to the same color type as the maternal a)gaé."Then;.from these tri-

chomes, the wild, red, green and ye]]ow types and chimeras with sec-

tional dapp]es were generated

From the results of the above reciprocal crosSiexperiments; it
was clarified that, in all reciprocal cross cases, in the first genera-

tion of thalluses, there are two types of trichomes: the trichomes which

_generate only thalluses with the same color type as the color type of

the maternal a]gac in the f1rst generation of. the tha1]uses, and the:

trichomes which generate .the w1]d!,red,_green and yellow. types andi

chimeras with sectional dapples of these color types. “Since the tri- ~

chomes which generate thalluses with the same color types as the co]of |

types of the maternal a]gae show the same color types as the matcrna]
algae, it is considered that thcse trichomes are apparent]y homozygotes,
attributed to se]f—fert111zat10ng On the other hand, the trichomes
which generate the_wi]d; red:'gréen and yellow types and chimeras with

sectional dapples show the same color types as the wild types. Since
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2.4 ‘Experiment of d“reciproca1'cfbss’of the-réd‘;nd:gréeh
: " types (13,14)

In order to analyze the genes of the color types of Susabinori

(Porphyra yeideﬁgié); reciprocél Cross eiperiments of the red and green.
types.were ;onductéd. Norilare fertf]ized by settling of the sperm; .
»]iberated from the maternal body; on‘the ferti]ization cone of the |
carpogone (egg), matured in the materna] body._ The fertilized carpo~
gone generates several carpospores S1nce not all sperms are capable
of movement, they are moved mainly by ‘the flow of seawater. _The thal-
iuses of the different color.types;’which'previouély had been culti-
vated separately, were put in th‘g same container when‘theirﬁmatuvr'ati.

commenced and were cultivated to maturity. ~Since Susabinori (Porgﬁl;

ra yezdéns{s)-are monoecismic, if the carpospbrcs are cb]]ected from

the thalluses of all color tybgs of the cross-combinations and are
cultivated for their fo]]owing.generations; thh‘reciprocal.érOSS éx—
periment can be.conducted at the same time. In thisbeiperiment, they
were cultivated from the first generation of the trichomes to the first

Ageneration‘of the thalluses.  The results are»shohn in FIGURE 5.8.

In the case when the green types were used as maternal a)gaq"

green and wild types were generated in the fifst:gcneration of thalluses
Ongy greeh types were generated from.trichomes of thé;green types;~ahd
.the.green, red, wild and ye}]ow types and the(chimeras with_Sectioﬁé]
-dapples were.genérated from trichomés'of the wild typesi Most of tﬁé
chimeras with sectional dapples have two different co]bf types:, hév%ng
received them from the green, red; wild, or yellow types. fn'sbme cases
the chimeras have two diffcrent cqlor types and the same color occupies

two sections.
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On the other hand, the'trichomes,ﬁhich generated the same color i
as that of - _ ’ ‘ .
pe/the maternal algae, color types other than the maternal and the chi-
meras with sectional ddpb]es in the first_geng}ation of thalluses, .
showed Eonsistent]y the wild type without‘any relation to the CO]of
'typenof the maferha] algae. It is'cohsidered.that this regult:shows
that the 1solat1on of co)or types taPes place 1n the f1rst generat1on _
$of tha]]uses Therefore, 1t showed that the trlchomes of the flrst
~generation , whichfisq]ated the co]or‘types in the_flrst‘generatﬁon
“of tha]Juses;_were heterozygotes. ATso; sihcdialT the‘heterozygbte
trichomes were the w1]d types,’ both the red and green types.are reces;
sive to the wild type From this. resu]t it 1is cons1dcred that both
the red and green types are mutants contralled by a s1mple recessive
_gene. Furthermore, dur1ng this cu]t1vat1on experwment the chimeras
with sect1ona] dapples were generated only from the heterozygote tri-
chomes The co]or types compr151ng ch1meras u1th sect1ona] dapp]es
matéhed in color the color types isolated in the f1rst generation of

thalluses. It is cons1dered that this fact must be c]ose]y re]ated ‘

to the structure of the ch1mera wwth sect1ona1 dapp]es

: ® Concerning a]1 the tha1]use§‘of'Hm!hild;“red and.greeh typés;
fertilized spontaneous]y; if the Tso]ation mechanism in the first gene-
rat}on of tha1]uses can’ be c]arified- usxng thexr color types as mar—.
kers, the comb1nat1on types of the crossxng in the f1rst generatlon of
trichﬁmes can be assumed. .In this cultivation exper1ment, only the'
following crossing COmbinafions were found te be hcterozygotes: the
wild type X the grecn type; the red type X the wild type; the

~green type X the wi]d'type;.aﬁd the wild type X the red type * .

(* not shown in FIGURE. 5.7).
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- the chimera with sectional dapples were generated from trichomeé;of »
the wild type. This chimera with sectional dapples consisted of a

"~ combination of the wild and green types.

Ffom all these results, it was established that: cancerning
the f1rst generat1on of tha]]use; in this cu]t1vat1on, in aT] cases
of tha?ﬂuses of the wild, red, or green types, there are two kwnds of.
trichomes: one kind is trichomes which generate only tha]]uses of the

same color type as the color type of the naterna] ‘algae; and the other

kind 1is trichomes which genefate the same color as the maternal alga

a different color type from the maternal, and also chimera thalluses
with sectional dapples. The trichomes qenerat1ng 0n1y the same co]or
type .as the that of the maternal algae in the first generation .of |

thalluses, showed constantly the same color type as hadAthe materﬁal

algae.

Concerning Nori, it is considered that its chromosomal number
is 2n in its trichome, but that it is n in its tha]lus~::and that

meiosis takes place in the trwchome If this assumptxon is correct

the result of this cultivation shows that the isolation of the cold"
types did not take place in the first generatlon of tha]]uses,.gene-
rated from tr1chomes of the same color type as the co]or type of the .
materna1 a]gae, since trichomes of the Tirst generat1on are of the
same color type as the color tybe - of maternal algae and alsp of

the same color as the color type of the first generation of thé]]ﬁses{

these trichomes are.homozygotes. Since Susabinori (Porphyra yezoensis)

are monoecismic, it is considered that these homozygote trichomes are
generated either by self-fertilization or by cross-fertilization with

other algae, having the same color types. L * o
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2.3  Serial cultivation of thalluses ‘of the‘wild,;red'and
~green types, bred spontancously. (13)

Thalluses of the wild and green types were collected from a
natura] population which had them together. The thalluses of the.red
type were collected from a natural popu]atlon which compr1sed w11d

types,in wh1ch the red type was found m1xed Using these thalluses

. for each color type, a serial eu1t1yat1on was made fromuthe.flrst.ge-ﬁm

neration of trichomes to the first generation of thalluses. 1t was
found that all these thalluses had fertilized Spontaneouély and ma-
tured in the natura]1y-bred popd]ation. The result of the seria}.oul-'

tivation is shown in FIGURE 5.7.

In the case of thalluses of the wild type in the first;gene_

ratxon of tr1chomes, on]y the wild type was produced InAthe firét'

_generat1on of tha]]uses, on]y the wild type was produced from the

“trichomes of the wild type; also the wild and green types and the

chimera tha]ldées with sectional dapples were generated from tri~-I.
chomes of the w1]d type.. A1] these ch1mera tha]]uses w1th sect1ona1

dapp]es cons1sted of a comb1nat1on of the u1]d and green types. in

the case of thalluses of the red type,'1n the first qeneratton of

. X wild -
tr1chomes T the red and/types vere produced In the f1rst generat1on

of. tha]]uses, on]y the red type was generated from tr1chomes of the red
type; and the red and w11d types, a]so the chimera w1th sect1ona1 dap-
ples were, generated from trichomes of the wild type. Thxs ch1mera_
with sectional dapp]es consisted of a comb1nat1on of the w11d and red

types. In the case of the thalluses of the green type. in the first

~generation of tr1chomes,'the green and w11d typeswo«rproduced In the

first generat1on of tha]luses, on]y the green type was, generated from
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consisting of the wild and green types.: Uoing this small leaf portion
as the maternal a]gae;.a‘seria1 culture ‘was made. The.procedure and‘
the results of the culture are shown in FIGURE 5.6.  This small leaf
port1on produced thallus and tr1chome germ1natlons. nallus‘ﬁust bokh
formed by means of regeneratmon of nutr1t1ve cells of the small ]eaf
portion to a spore (monospore or neutra} spore).and its vegetat1ve pro-
pogation: A1so, it is consideréd that the trichomes must be‘tne re-‘
su]t of germination of the spores (carpospores), which‘nere produced
from carpogones, after rogeneratfon of the nutritive‘c911s of the leaf -

portion to spores and sperm, followed by sexua]‘renroduction bctwécn

them; Both the tha]]dsos and trichomes; obtained from this small leaf .
portion, showed the same oo]or types as thelgréén type section of the |
chimera-thallus with sectional dapp]es; which wore in the maternal
a]gae -Forthormore, the frichomes.were.gencrated from the cu]tured
tha]]uses by self- fert111zat1on Then, tnis was followed by generation’
of tha]]uses (from the above tr1chomes) The Tife cycle of the green -
type variant was tnus completed by cuTtlrationl_ Throughout all the.
stages of this ddfejcyt]é;”both tne'tﬁkﬁomes and fhaiiusos showed a

briljiant green color. In this experiment, no dappied chimeras were

formed. - ; _ ' S @

From the results of the above descr1bed exper1ments, it was
confirmed that the green type is a herltable var1at1on and therefore,
that dapples of thevgreen type are dappled ch1meras. A]so, for tho
first time, the_green type variont was isolated duriné this cultiva-
~tion experfment; Furtnermore;,it was clarified that the method of
isolation of the color typés by fhe tu1ture of a Snall lTeaf portion

with on]y nutr1t1ve ce]Ts corresponds to a type of clona] cel] cul-

ture, and th1s method is effcct1VQ in isolating a purc 11ne of Nor15?

e o ¢ o e e i e v
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color chimeras. Also, a genetic phenomenonkof the color types of Su-

sabinori (bdrphyfé yczﬁénéis) was assumed to be as follows: since the
color types of all successive generations after the ffrst.generation
of tha1]uses; obtained by se]f—férti]izatiop,.egreee with the color .-
types of the first generatioh of tha]]uses; it was considered that a
pure line of the co]or type could be created by se]f fert1]1zat1on.
Also, since 1n the first generat1on of tha]]uses, both the same color
type as the maternal color type and a different co]or type from"- the»
color type of the materna] algae were obta1ned it was con31deredy
that a separation of the color types was taking place and, therefore,
that the heredity of the color from the tr1chomes to the tha]]uses

was a nuclear jnher1tanceq~ On the other hand,~s1nce in the flrst.gene—t
ration of trichomeé, only the same color type as tHattof the maternal
algae, was.géneréted.éonsistent]y; it was‘thopght that the heredity
of the color type from the thalluses to the tfichopeﬁ waé a cytop]és—
matic inheritance. However, since it was confirmed ekperimenta]]y fhaf'
the heredity of the color’ types was taking p]ace because of the nuc]ear
inheritance throughout the entire 1ife cycle,'1t was reallzed that the 1
assumpt1on of the color hered1ty from the thalluses to the trichomes
was a cytoplasmatic 1nher1tance was not- correct. ~Furthe¥more; in these
cu1t1vat1on exper1ments, s1nce/the f1rst generat1on of tr1chomes, gene—
rated from the red type, it was c]ar]fled that a w11d type was also

geerated in addition to the red type, 1t was also conc]uded that the

genetic phenomenon described was an- exper1menta] error,

2.2 Ser1a1 cult1vat1on of ch1nera tha]]uses sect1ona]1y dap—
pled, consisting of wild and green type. port1ons {(15)

A small leaf port1on with only nutritive ce]]s was cut off from

the green type section of the ch1mera tha]lus wlth sect1ona1 dapp]es,-’
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2;]”'Serid]-cultivation*d?JChimcra~tha11USes; 50cti0ﬁa]]y‘dab~
led, consisting of the wild and red 'types, fertilized
: spontaneously:

Spores (carpospores) of the wild and red types were isolated

from various parts of the algae and then cultured to obtain a first

.genération of,trichomes. Spores~weré isolated from tHiS first_génera—
. tion of trichomes and were cultured. . Then, a'first_generatioh of thal-

luses was obtained. Since Susabinori(Porphyra’yezoensiS) is monoecis-

mic, when such a p]ant is isolated and matured, it can be se]f—fcrti-
]1zed. Therefore, the f1xst generat1on of thalluses were 1so1atcd
in one p]ant cultured until maturatwon and self-fertilized. From t.s;'

first generat1on of tha]luses, the second. generat1on of trxchomes was

.generated. Then, from the second generat1on of tr1chomes, the second

generation of thalluses was generated Thus, ser1a] cultivations were

ach1eved. The results are shown in FIGURE 5.5, Thus , in the f1rst

~generation of trichomes, the wild type portion gencrated the wi]d

type and the red type portion generated the red type. "In the first

generat1on of thalluses, from th1s first generation of tr1chomes, both,
the wild and red types produced the w1]d type, the red type and a chl—_,
mera with sectxona] dapp]qs. In FIGURE 5.5, the chImeras are not ‘.

shown. In the second generation of}trithames,:generatéd from the first

_geﬁeration of thalluses, which weére self-fertilized, the wild type was

_genérated from the Wi]d type and the red type was generated from the

red type. In the second generation of the thalluses, generated from
the second generation of trichomes, the wild type generated the wild

type only and the red type generated the red type only.

From these results, Miura (4,12) concluded that the portion

of the red type was due to genetic mutation and that the dapples were
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~are described. They were conducted for the analyses of the genetic
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at the maximum and minimum 1ight absorptions agreed well with the case
of the red type; ~howeveﬁ; the light absorption rate was drastically

decreased at the third‘peak.

On]y'when these color types ﬁre studied from the point‘bf view
of the b10v1s1b]e light absorpt1on curves, is 1t considered that the
red type is a qualitative var1at1on to the w11d type, the'green type
is a quantitative var1at10n to the wild type,v_and the Ye]1ow type is»;

a qualitative variation to the wild type, similarly to the case of

" the red type, but it is a quantitati?e variation to the:red type.

The above characteristics of the ]ighf absorptinn curves in
the thalluses and trichomes are not affected by gge, the body-portions,

the growing periods, or the growing locations.

2. Genetics of the"coTorftyﬁes

In ihe following, the results of the cultivation experiments

- modes of ‘various typés of co]or;and also analyses of genes which were

found in the thalluses and trichomes. The tha11useé of>Nori Qenerate~
tr:chomes by means of sexual reproduct1on, the tr1chomes generate the_
thalluses again by means of asexual reproduction. Since the meiosis
occurs when the asexual feprodfctive cells are formed in trichqmés; a

haplophase is found during the period of the tha]Tus,'but a dih]ophase

_ is found during the period of the trichome;
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and trichomes. Ue used a self reglster1ng spectrophotometer (6).
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kinds of ch1mera thalluses, sectuona]]y dapp]ed, as we]] as tha]]uscs
w1th var1ous kinds of color types can be found easily in the natura]]y

bred and cultivated populations.

1.3 B1o visible ]1ghf absorpt1on curves of coIor types

" Although the color types of ‘Susabinori (Porphyra yezoens1s)
can be observed easily macroscopically, especially whqn the samp]es
are grown in the same conditions,~this can also be confirmed accufafeiy

by record1ng the bxo visible light absorption curves of the thalluses.

The bio-visible light absorption curves of thalluses and trichomes

are shown in FIGURES 5.3 qﬁd 5:4, Qhere, f}dm Fhe shorter Tighf;wave.'
side, the ffrst peak was.due to chlorophyll-a and B-carotene. The se-
cond peak was due to B-carotenec and phycoerythrin; TheAthird pe?k
was. due to phycoerythfin; the fourth'pegk was "due 'to phycocyaning

and the fifth peak was due to ch]orophy]]—a. THe differences between
the wild type and the variants are found ma1n1y in the third peak duek
to phycoerythr1n, and also in the fourth peak, due to phycocyan1n L
That is, concerning the red Variént:vthe makimum light absorption
occurred at 568 nm and also at 543'n@ in the rapgé of the ]igﬁt wav‘.
of the third peak, but-the minimum absorpticn was at 558 nm: In the
range of the 11ght waves at the fourth peak, the max1mum absorptuon

was at 622 nm, wh1chvcomprlsed '3 nm difference from the value of the

}wi]d‘typc to the Tonger wave side. Cdncerning the green type,. thc

maximum absorption in the range of the 1ight wave lengths at the third

and fourth peaks agreed well with those of the wild type; The 1ight

absdrption rate at the third pecak was recmarkably low, but became high

at the fourth peak. Concerning the yellow type, the Tight wave 1engths
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formed at each color port1on of the dapp]ed thal]us, these cells can

be cultured separate]y in the following generation. As a result, a t, -
thallus with the same color type‘ns that of the parents can be obtain—
ed From this, it is considered that color types'of dappled thalluses
are determined qenet1ca11y and the dapp1ed tha]]us is a type of ch1mera
(mosa1c). Consequent]y, these dapp1ed tha]]uses are ca]]ed "dapp]edA.f

chimeras". On the other hand, in add1t1on to sueh dapp]ed ch1mera.\"

thalluses, sometimes spotted or str1ped green port1ons appear sweep—i-

ingly through the central portion of’thalluses,of the wild type”(14).

Therefore, when the different color types appear sectidna]]y'fn'thet~
thalluses, they are ed]]ed' - chimera-thalluses with sectional.dap—”'
ples; and when there are stripes, they are called o chimera—theT¥y

luses with striped dapples.

fn both the wild and cultured pohu]ations; the.frequency df
chimera- thaﬂuses; Sectional]y dappled, is high, but the frequency of.
chimera- tha]]uses w1th str1ped dapp]es are very low Most of the
ch1mera—tha11uses, sectlonally dapp]ed found in cu1t1vated popu]atlons
are composed of the wild end red types, but very few of them are of
the green type Present]y: whi]e’color variants can be.bred setect— _ 
1ve1y, the frequenc1es of various color types in natura] cond1t1ons |
are not yet known. However, it has been found that 1n the cu1t1vated
populat1ons, the frequency of thalluses of the red type 1s high and
that of the green type 15: extremely low. "These frequenc1es corres-‘
ponded to the frequencies of the chimera- thaﬂuses, sect1ona11y dapp]ed
of the green and red types The chimera- tha]]uses with dapp]es, consis:
ting of the ye]]ow types and also thalluses of the ye]]ow type have not

yet been found in wild-bred populations. However,~now-a-days, arlous
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tom. The thallus of the green type shows bright green througheut the
entire body, also from the top to the bottom, resembling Aosa (Ulva)

and Hitoegusa (Monostroma) of Chlorophyceae. However, since the green

type is rather pufp]ish, 1t can be distinguished from the two spec1es

of Chlorophyceae. When mature, this type shqws_a ye]]ow—brown co]or,

_,specifica]]y in the reproductive Ee]]s The thallus of the‘yellow type
-shows a ye11ou green co]or throughout the ent1re body, from the top to |

_the basal part. The co]ors of these variants can easw]y be d1st1ngu1sh—

ed in the thallus, if cultivated in the same conditions.

| .On the other hand, in the case of tr1chomes, a. tmchome of the'h‘A
wild type shows generally blackish- purple or brown1sh purp]e co]ors,-
the red type shows red or redd1sh—purp]e colors; the green type shows

a dark green-purple color; and the yellow fype shows“a yelloW—greeh
color . Even in the case when the é]gee are growing while shells are
being dri]]ed*,.jf‘ail types grow in the same conditions;.the diffeh—.
ences betheen them can be recognized easi]y. (*Trichomes groh while.
inVading by drilling fhe ca]careous portion of shei]s; however, they'

also grow without this chemical substance.)

* 1.2 Thallus with a dappled chimera (3,4)

In addition to the thallus with only one type of color, as de_f

scribed, there are thalluses with dapp]ed‘colors, consﬁsting of two or

. three color types. Theoretically, the dappled color type, consisting

of four colors, can also be formed; however, this type hqs not yet‘
been discovered. In most of the dapp]eq thalluses, as shown in
FIGURES 5.1 and 5.2, each color portion is divided clearly into Upper

and lower portions, or cuneiformly. Since the reproductive cells are
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to confirm the effects of the crossings. Since the results of these
crossings can be confirmed directly, if the genetic vafiants of the
color types are used as markers ofkthe nuclei, it is‘considered that
the color variants of Nori are of great impbrtahce fof Cuitivation-
studies 1in order.td investigate the creation of the variants by cros-

sings and also in order to lTearn the genetics of poph]ations.

1. Color variants of Susabinori (Porphyra yezoensis)’

1.1 Co]or‘type$

Yuda (11) and Miura (11,12,13) have reported that in the color

types of Susabinori (Porphyfa'yezoensis), there aré ted, green and yel—‘
low color-type varianté; and also a wild type. Among these variants;
the red and green types are due to spontancous mutation. The yellow
type is a recombinant variant, derived from the trichome of the hetero-
zygbte (hybrid), génerated by crossing the red and green types. |

The experimehta] materials and the isolation of these variants are

described in the paragraph on genetics.

.In Nori, there are two states: a thallus State; which can be
seen macroscopically, and a trichome state, which 1is Tike a mold and
isfﬁicroscopica11y small. 1Its 1life cycle is completed by.geﬁerating.
the trichome from the thallus and then generating the thallus from
the trichome states. The wi]d; red, green and yellow types are oBserved

not only in the thallus but also in the trichome states.

The thallus of the wild type shows a greenish-brown-purple
color; its basal part is greenest. In contrast, the tba]]us of the

red type shows red throughout the entirec body from the top to the bot-
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Oobéasakusanori and Narawasusabinofi were obtained by selection
and cultivation of algae with a ﬁigher ratio between the length and
width of the leaves, aftér i;o]ating the large size a]gée.with low ste-
rility, a feature which appears accidentally in Asakusanori and Susabi-
nori, by cultivating fheif trichomes. It is chafécterist{c that\both 

species grow fast in a straight line and are high yielding.

In'recent years, as ment1oned above, the results of studies of
breeding of useful marine algae have been yied~ing datd»steédi1y. In

this paper, the author descr1bes studies of the color variants and ge-

netic studies of the color types 1n Susabinori (Porphyra yezoens1s)"

as a part of cu]t1vat1on studies concerning Nori and conducted by

the author .and ofhers.

Van der Meer (7) reported excellent genetic studies of a mut-
ant with the color type of wmarine algae. ThlS author and others (6,7,
8) conducted genetic analyses of spontaneous mutants of the green type

and artificially-created mutants of the red type in two kinds of Ogono-

ri{Gracilaria). He establishéd that both_typeé are formed due to

simple receséive genes, occupying differe‘nt gené loci. Furthermore ‘

the .authors clarified genet]ca]]y the structure of the dappled chimera .
(mosa1c) the gynandromorph1sm and thg mosaic between sporophytesand |
gametophytes,,us1ng the color variants as markers. The authors and

othér scientists are greét]y indebted to these authors for thefresults

of their studies.

In the studies concerning the crossing of Nori, although there

are pilot studies by Suto (9) and Yuda (10), indirect. methods were used
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ARTICLE 5 (Part IT)

Author: Akio Miura ' . o
Tokyo University of Fisheries

PRESENT ASPECTS OF >AQUACULTURE AND ITS FUTURE

(* Among useful marine algae, the following species have been Cu]-
. tivated and used commercially: Laminaria No.860 and No.1170 (1), pro-

cured from China; Chondrus T4 from Canada; and OQobaasakusanori (Por-

.phyra) and Narawasusabinori (Porphyra yezoensis) from Japaﬁ (3,4,5). k
Laminaria in China and Nori in Japan are used as edible marine algae,

while Chondrus in Canada is used as a source to extract polysaccharide,

called carrageenin. Carrageenin is.a type of paste and is used widely
as a food additive.Butkthe two species of Laminaria were created by
selective culturing from a wild population. The line of Laminaria
No.1170 was selected by X-ray treatment from a Tine a]reédy estab-
" lished. Compared with a wild population, it is characteristic that
Laminaria Nb.860 grows faster and ]drger at high tempefathres;- there-
fo;e, it is high yielding and the content of Thyroid is higher.

The No.1170 species has similar characteristiés to»No.860,"but its

water content is low.

The :Chondrus T4 is a sterile gametophyte and was selected from

a wild population. Since its content of Kappa—Carrageéhh]is high, its
' is
vegetative reproduction/good, and it grows well in a tank, it is a suit-

able species for cultivation.
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Fxouze 1]. Granhic represeruat.on ‘of Stoin estvmate> of qyto?og1c;7]y~.
beog°n tically gppwa1sed mortality-morihundity oF gaerUTa egrﬂy ' .Q;g
erbryo (Stages IV~V) eggs of At]anL1c nackereT in the an York B]ght.

Circles indicate station pobutuons. Shaded poruwons of cvrc]es Shoﬂ

:Lhe percent embryos dead or mor]bund. St=tlons are groupnd I~VIII
for tha purposo or statlst1ca] freatment (see Tub1es 3 and 4) A}}
stations were samp]ed on the hay 7-18, 1974 crulse of thc sa1]1ng .

1

vessel !estwazd.



Figure 10.
c‘!]s of a blastula embnyo of an At]ant1c nacLernY egg from p]ankton-
63X Tioht objectwve.. ' )
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Fi gures 8 and 9. Abnor.,m] telophases in gastrula erbryos of Atlantic -

mackerel £5Gs from p'l"n\z,oﬂ shpwing d);.p]aced and hggard cproa 030mes

an?! chromatin bridges. 63X hght— obgecnve. ST .
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F}gure 7:. Iletaphase 1. chrom0>om°s oF a mpe pve-spa'mbd e_)g strlpped from

an Atlantic mc} ere) on 1ts spa'mmg mgratwn ta the he) YOT':»
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- Figure 5. Abnormal telophase with a chromosome bridge in the yolk-sac

) " membrane ‘of an Atl anti:c mackerel egg Trom pTaﬁkton; * 63X - Iiéﬁt

" -objective. ) T ot
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Figure;-li- ) Abnomﬂ r'ehphase in the yolk-sac nbnbrana of Alﬂ anhc mac} ereT

C ' .o egg frm} p'lankton- Tuo chromosoimes have’ faﬂed J:o oment on the
P ._ mtohc spindle. 63X, ]1ght obgscuve.-_ I . -
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chure 3 Prometa pha"e chro*roso"%»s in th'a'-yoik-sac nﬁnﬂbrawe of an Atlantic
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Figurz 2. Hormally mitosing cells in monolayer spread of d blastpla. ppbryn
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Figure 1. Undissected Atlantic mackerel eqq : From plankton at morula stage
of davelopiient at upper h;ght.',.Oi‘l globule to top of egg, en:b}-_),o
-to bottom. At Tower Teft at- arrow is a morula embryo dissected

free from its egg. - Intact égg about ;1 ma in diameter.
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TABLE 7.3: F] HYBRIDS OF SALMOMIDS WITH HETEROSIS

-~
'

Combinations

Survival ability

4
Kawamasu 0 X Iwana o .. ..

. Kawaiwa..

............

Faster than Iwana

I

ditto x Sakuramasuy 3_“

Kawasakura

Higher than both parents

Cafter fingerling period; .

cwerhatching-rale

Same as Sakuramasu

ditto x Himemasu 3

Kawahime

same as above

Intermediate between

" parents

i

/!.
Brown trout Q X Iwana 0

Braiwa .

~ .same as above.

Faster than Iwana

Tiger .trout

Higher than both parents

Same as Brown trout

Bra sakura

Higher than both parents
after fingerling period;

- lower hatching trate

Faster than Sakuramasu

ditto x Kawamasu o -
ditto X Sakuramasu o
ditto X Amago o

Bra amago

Same as Brown trout up

‘to .one'year of age (*) .

Faster than both paren
after two years of age

A
Biwamasu 9 X Iwana o

Biwaiwa

Higher than both parents

., -after .fingerling %griad;

Same as parents

’ : . +
Sakuramasu 9 X Biwamasu.o

Sakqbiwa,

lawey hatching ra

Higher than both.parents

Faster than both paren

E
%

(*) Higher than parent

species after two
- years of age.
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TABLE 7.2: THE SIZE OF MATERNAL PARENTS AND THE NUMBERS OF EGGS‘
SPAWNED DURING -THE SPAWNING PERIOD OF SELECTED PARENT

GROUPS OF RAINBOW TROUT
‘ (Donaldson, 40)

N oy
P o
= £ o
Q O =
. . 3O
o o
ot
o = w ° S Fish | Numbers of .
o ow~— lenqth eggs collect-
o O AR A
- 4o oo (cm) ..ooed - .
o v . U O : . . -
) @ o - 1 1
S — w oo o s IEFE B ')
< — U Ewnst 00 $Swul| 00 =wu
oo O S ® > ©O| > ©Q©
- O <C ZY4 = =L © | <€ w© g™
1944.meeee 2 12 ©36.3 39.0 1,653 2,121
1946+-+++ 2 39 1.9 8.0 2,011 2,982
1948-++-- 2 3 - 4Lz 50.0 1,058 3,004
1950-++-+ 2 129 35.5 45.5 1,315 2,097
1952++++ 2 51 - 40.9 45.0 2,145 3,810
1953+++ees 2 27 8.9 3.5 2,032 3,631
1954+0eee 2 A7 5.6 © SLS 2,377 3,950
) 3 36 50.5 57.0 4,042 6,105
1955w+ 2 23 50.7 56.5 3,804 5,123 ;
3 28 59.6 67.0 5029 8,350 ' ‘ :
1956++++++ 2 84 49.0 53.5 3,231 5,915
3 9 59.2 65.0 6,149 7,311
1957+evese 2 8 - 46.4 55.0° 3,161 9,639
3 14 67.4 72.0 7,117 11,475
. >
1958+ +0ene 2 57 57.6 66.0 5,617 9,077
3 2 73.5 74.0 15,757 16,839
Y 1959++0ue 2 39 - 60.0  63.0 5,224 6,950
. 3 6 0.2 73.0 $.639 11,580
1060+=w0ee 2 63 59.6 - 68.0 5,132 8,263
3 6 70.8 72.0 5,030 11,136
1961+wees 2 29 52.9 59.0 4,309 6,333 .
3 5 67.1 71.0 9,092 - 13,313 )
1962++0m 2 73 57.8 68.5 6.050  13.407
3 20..  66.1 72.0 9,176 15,432
1963-cer 2 33 52.5 63.0
3 3 $7.6 70.5
) 1964 mees 2 43 59. 1 65.5 5,091
3 12 1.0 71.0 9.763 1353
195500eee 2 81 53.5 65.5 6,253 1 )
3 30 - 63.3 78.0 11,556 1
1966+++++ 2 13t 571.0 63.0 7.7%3 15
3 32 63.7 715 13,308 I,
1967 . 2 35 €0.7 67.0 7,335 13,
3 29 57.2 73.5 M. 2
1968+ eweee 2 T 0.4 5.0 9,259 1.t
3 s 53.1 52.0 1M.518 o3




TABLE 7.1:  RESULTS OF CULTIVATION OF VARIOUS SPECIES OF CARP

AND F]

(25°C + 1°C)

Species of parents
and Fy hybrids

Mirror carp
German-scaled carp

Yamato carp i -

Big-belly car
g Ni]% carg
Yamata carp
X Mirror carp
X German-scaled carp
x Big-belly carp
x Wild carp
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HYBRIDS WHICH SHOWED HETEROSIS, FOR TEN MONTHS

/’\k - .‘
s .
S . .
— -+ v
R (8] “r—
52 Y- Lol
~— o 4= s
S n ) o
. < . . +3
A (] o] Q)
B S (3] o . -
. = el e
— L o
<O (]
> » o )
. - i 3 @
> (o2} L P 98
L% N Clad Q (@2
=3 L] > Q
L = =g [
72.5 , 603.5 8.1
6.3 495.7 3.4,
80.0 481.7 79.8 |
90.8 l 405.8 . ° s |
2.2 82.4 50.5 !
; i
4 } X !
Q 884 | 855.2 85.8 | +5.1
0 TR 737.9 813§ 4283
90.6 1 650.2 83.4 +5.4 7"
3.3 ¢ 590.0 8.7 +1.5




FIGURE 7.3: - SURVIVAL RATE OF OFFSPRING OF HYBRIDS BETWEEN
 KAWAMASU (ST) AND IWANA (Sp) |
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_FIGURE 7.2: GROMTH CURVES OF YAMATO-MIRROR F, (YAMATO g x MIRROR &)
AND PARENT SPECIES |

~*Yamato-Mirror

. **Mirror carp

*%**Yamato carp

" Average weight (g.)
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FIGURE 7.1: BREEDING METHOD AND BREEDING FISH SPECIES IMPORTANT
TO AQUACULTURE D

nearly completed, or with substantial
effect '

- == ot under studyrand with a partiaT effect

——————————— : study commences; no effect yet .

(...) : yield per year {(in tons), "Agricﬁ]tura]
Statistics? of 1976" :

' - . | 1
|l 4 =l 5 || 6 7 —
/ ' I\hg
T 7 '8
10 1 ‘
1. Estimation of heritability
2. Preservation of species
3. Rearing of wild species
4. "Establishment of reproduction techn1ques
5. Study of genetic po]ymorph1sms
6. Selection )
7. Crossing
8. Cultivation of commercial species
9. Cultivation as business
10. Inducing mutations artificially
11. Permanent preservation of sperm
12. Transplanting
SR . Hamachi (Yellow tail) (101,800)
e v — . _Kai_(Carp) (26,300)
R | . | Unagi (Eels) (26, 300)
e+ e v v s e e e o Salmanids (16,800 )
~ : ' Tai (6, GOU)
Ayu (5 700)
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using X4ray$ or Gamma-rays and they are already»in practical use (87). -
However, concerning fish, the effect of radiation on the formation
of their morphs or on the survival rates are still under investiga-.
tion (88-90). The studies of these aspects concerning ffsh should

be developed more in.the future.
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other hand,, not.only water temperature, but also light perioditity
is related to the maturation and spawning of fish, the habitat of
which is in the co]dqr water zones. - Thus, for this type of fish, it

fs necessary to control both.the water temperature and the light

- periodicity.

With regard to domestic animals and agficu]tura1 crops, there

are organizations for preservation, for breeding and for distribution

of new lines, in addition to the Tines which are already in exisfen’,
inc]udfng the original species. But cdnCerning_fish, there are almost
none of such organizations anywhere; Particu1af1y; concerning the ma-
rine creatures; since their medium is the sea and it is more difficult
fo work in this medium and more care is reqUired; when cohtrolling
them every day. Un]ess; fish lines are preserved and'contro1]ed pro-
perly, even if new populations with eﬁpei]ent_characte?s can be creat-

ed, they will Vanish_ﬂithout becoming of value commercially.

If reproduct1on cells (spern) can be preserved permanent]y ‘.

a state ready for fert111zat1on, this is more desirable than preserva-

“tion of the parent fish, in order to advance breeding. Recently,also

coqcerning fish;'studies of preserVatidn by freezing sperm have heen
advanced (83&86); The effects of these'Sthdieé'are e%pected'soon.i
Also, it 1is considered that the'deve]opmént>of'this technique 1is use- .
ful no;_on]y in a éu]fured population, but as one ofAthe measures for
the.genetic‘variations.of wild populations, caused by changesfin thel

environmental conditions due to artificial interference.

In the case of agricultural crops, some new species with ex-

cellent characters have already been created by inducing mutarts,
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Efficient production is always demanded of all species and
all the time; however, many other desirable characters vary accord-
ing to the species in demand, or the changing times. ‘Thercfore,Ait‘ '

will be important in the future to create a new population with some

‘desirable characters on the basis of the initial data procured by

“world-wide ana]yses of genetic polymorphisms in many populations.

In order to advance breeding, subsequent generations shou]d

~be chec?ed Genera]ly, many fish need a longer per1od to ‘reach thEIY

maturity in comparison with domest1c an1mals or agr1cu1tura1 crops

in the natural cond1t1ons of . temperate or po]ar zones. Th1s fact

is responsible for considerable de]ays in the deve]opment of breed1ng-
studies of fish. For examp1e, carps usually need at Jeest 3-4 years
for their maturation; thus, it takes at ]eeSt*Q'years to_tomplefe'i
experiments which would cover three generat1ons A1$o, since the
medium of fish cu1t1vat1on is water, it is very d1ff1cu1t to control
the1r'cu]t1vat1on throughout long periods qf time. Therefore, 1n

the study of breeding: it is.very“imbortant to shorten the period

of maturationl From the results of the ekperihents by'the author,
concerning carps, the following was c]hrifiédﬁzlit beeeme ﬁoesi51e‘
for both male and female carps to spawn'and'fertiTize‘their eggs with-

in ten months after hatch1ng by serial cu]tuxes at 26°C also,

mature carps can spawn eggs throughout the year by control of the

temperature (not in print yet) From these resu]ts, in order to de-
velop the breed1ng of f1sh, the habitat of wh1ch is in warm weter,
it is . necessary to prov1de fac1l1twes, where water temperature, asf
well as spawning, can be controlled and where.the young fish can ‘be

brought up to the parent stage in a shorter period of .time. On the
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phisms of wild populations have recently commenced. "It is a prere-
quisite to accumulate data procured by basic study and, in the future,

fish resources must be controlled in‘tﬁefrjght way.

Among the culture- popu]at1ons,'carps have been cultxvated
" throughout history and are a]ready reared as are domest1c anxma1s
Concernlng ra1nbow trout breed1ng studies recent]y have been deve]op—

ed extensively. However, concerning most of the other 1mportant

species in aquacu]ture, only the wild species are being cultivated.
Only recently, has it become possible to fepfoduce these species in

artificial conditions.

Breeding studies have not yet commenéed:"ln‘artfficié] condf;
tions, it is obvious that the wild species are at a disadvaﬁtage, when -
compared to species selected for cu]tiyation; as in the case of carps.
Therefore, it is ‘important to.establish reproduction techniques for
these species as soon as possib]e§ theﬁ; to develop ana]yses of gene-
tic po]ymorph1sms, to improve the1r selection and cross1ng, and, '.
finally, to create a spec1es which can be produced effectively, even
in artificial cond1tJons.’ A]so, mo:re eff1c1ent reproduct1on w111 be
poss1b]e by se]ect1on, even if suff1c1ent1y developed reproduct1on

techn1ques are not now ava11ab1e.

. In the case of carps, as mentioned previously, there:are cuT;
tivated species with éice]lent_génetic characters; ange thesé species
were selected accidenta]ly; fheir numbers are 1imiteq. It ié presﬁmea 
that fish with eice]]eht.genetic characters, but not yet discdvered,
must exist somewhere in nature:  Thug it is also'impqrtaht to keep

~searching for them.
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breeding are present for a longer period, they tend to overpopu]ate
and the1r body sizes are still small at the harvest1ng per1od Thus
this phenomenon is one of the problems to be solved in aquacu]ture
100% or nearly 100% of the F] hybrids, resu1t1ng from cross1ngs of

d1fferent spec1es of T11ap1a, are males. It is cons1dcred that th1s

fact is very convenient for the contro] of f1sh den51ty in a cu]ture-

-pond (60~62 80,81). Among the various hybrids, ment1oned prev1ous]y -

by Suzuk1 ‘and Fukuda (47,69,70), most of them between the Genera. were
spcr11e, or sexua11y neutra]. 0n1y a few f1sh matured Houever sincé
their gonads were sma]ll_the numbers of eggs spawned(were extreme]yrlow
and the quantitiés of sperm were very sma]];land, even if their'eggs
were fertilized, they could not sufvive after the éyéd—period.‘ In
these'steri1e_hybrids; the ratio of the wéight of tﬁéfﬂib]e poftion
(the flesh without the‘interna]_organé) to the uejghf of the fish body
is remarkably larger than the same'raiiq of barent_speCiés‘(TABLE:7L4).
Also, their silvering continues throughout their entire lives and\fheir
flesh color shows a deeper pink than that of the parent spec1es They
survive for over 10 years and their body weight reaches more than 7 kg
(82). Therefore, the first generation hybrids are more deswrab]e as
edib]e fish than the ex1st1ng spec1es‘ Furthermore, even if they are
stocked back to naturc, it is considered that there is no danger

similar to that in the case of the hybr1ds betwoen spec1es, as has

already been mentloned ear]ler.

5.  Development in thélfuture

Concerning fish, it is important to deVeiopvnot pnly the breedé
ing of cu]tivated popu]ations;'but also the_genetfc_tont?b] of wild -

populations. - Studies relative to the analyses of_gcnétic‘po1ymor~
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the hybrids of thése species are necarly infermediate tb both parents.
However, in appearance, it is difficult to‘distingﬁisﬁ theéé‘hybrids |
from the pareni épecies; from the F2
tainéd by.backcfoss breeding (70,76);

hybrids or from the hybrids ob-.
Concernfng other salmonid fish;_therevafe hany-reports that
the survival rate of the hybrids F2 or the hybrids by backcross breed-

ing is much lower in the earlier period than that of the parent species

{48,49,77-79). Thus, when transplanting fish,‘ it is necessary to ‘

acquire sufficient data concerning the existence of c]ose]y related
species, which may form undesirable natural hybrids, and also concern-

ing the existence of their spawning areas.

1f tﬁé Fq hybrids of quatb and mirror c@rps;(Yam&to—mirror),"
already mentioned, are stocked because of their faster_growth rate
and their re;istance to discases, the mirror'carps wfth_frregu]ar
scales, unpalatable to Japanesec,are also produced in the wild. The fol-
lowing Fact is even more undesirable than the case ofvmirror cafpg;“i.:
carps with irregular sca]es; introduced to Japan in 1905, and consider-

ed to héve undesirable factor N, ha?e been stocked not only in the

ponds for cultivation, but also in brooks. Subsequently, they spread

everywhere in Japan. ‘This can be called gene pollution.

4. Commercial value of sterile or monogenic hybrids
Hhen crossing different species, depending on the combinations,

sterile or monogenic hybrids F, can be produced. When Tilapia are cul-

tivated in tropical areas, where water temperatures suitable for their
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gameteé of different species having few opportunities.to link with

cach other because of the different distribution of closely related

_species and also because of their different spawning periods. and

spawning habits; even if fertilization takés pTace between the dif-
fcrent_species, the hybrids F] cannot survive or, if they do, they_are
sterile (68-70). Howevér;_if the ecological segregation systems bet-
ween different species are brbken by aftiffcihT causes,‘su¢h as the
transplantation of closely related species w1th dlfferent dlstrlbu—-f'
tion, the construction of dams, or the destruction of the banks of
rivers and lakes from natural causes, somet1mes, hybr1d1zat1on can
take place in nature (71,72). In Japan, such hybr1d1zat1on in nature
took place due to a breakdown of the segregat1on system; this has been

reported between salmonid fish; "~ Salvelinus p]uv1us X Sa]ve]1nus fon-

tinalis (73); VYamame X Amago (74); and Sa]ye]inUS p]uvius x Yamame

hybrids obtained by the'artificial crossing of.Kawamasu

(75). The F]

(brook trout) and Iwana (S font1na11s) and also between Yamame (Cheryy

trout) and Amago (Biwa trout), as already described, can be bred well
and prodhce F2 and also hybrids by backcrossing. "The hatching rates
of these hybrids are much lower than those of F, and the parent species,

and also their survival rates, after the fingerlings period, are lower

“than those of the parent species, as shown in FIGURE 7.3 (70).

.
[ 4

Hybrids F];which show heterosis, have advant?ges when cultured
in ponds. Stocking in nature of these hybrids is not desirable as
their offspring, with a lower survival rate~than the preéént gpecies,i
might be produced in nature in thc futurel It is also considc;ed not
desirable not only to stock the hybrlds but also to stock brook trout
in the water territory of Iwana‘(___E1uv1us), or transplant Amago (Biwa

trout) to the water territory of Yamame (Cherry trout). ’MorthWOQica11y,
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economic advantages have been created by crossjng‘sterlet and beluga,
both.of which belong to acipenser (54-57). Sterlet live in fresh
water. Beluga live in the sea and return to fresh water stréams for
spawning. Their hybrids can adapt and ]i&e ejther_in freshﬁatef or
salt water. Their growth rate is higher than that of sterlet and they
grow well even in ponds which have poor nutrition; AFema]e be]dga>take
16 years to mature; and maTe beluga take 12 years. Howevef, it takes
4 years for male beluga hybrids ‘to mature and 6-7 years for fema]e‘

beluga-hybrids.

Hfth‘regard to other fish, the secds of which cah be coi]ectéd‘
artificia]]y, many outbreeding experiments have been conducted. Con-
cernfng sunfish (58,59); tilapia (60-62),.buffé]o (63); channel éat—_
fish (64) and Moroko (65); it has been réported that the hybrids-F]
showed ﬁeterosis and that fhey grow faster aﬁd.]arger"than the parent
specigs. Purdom (66) obtained triploids by subjecting the hybrid eggs
between Hirame and Karei to low temperaturei.k Their'growth rate was

faster than that of diploids. “ ' ' "

3. Transplantation, stocking and wild-hybrids

¥

The increase in the yield of Ayu and Salmonids is'at§ributed .
to their transplantation. However, sometimes hybrids aré f&rmed in |
the wild by transplantation and‘they affect wild popu]atfons undesirably.
It is ﬂsha] in the wild for there to be geographical or‘breediﬁg seg-
regation systems among the different species of fish. Thus, {t is not
natural for them to have hybrids (67). Also, in the case of fish,

there are obstacles to the formation of natural hybrids due to the
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Teréo_(48) crossed sé]moﬁ and Himemasu and re1eased their»Fi
into the Shkotsu Lake. The F] grew faster than Himemasu, but the han:
ching rate and the floating rate of F, and‘a]so of the Hybfids ébiaiﬁed‘
by back~cr6;singsbwer¢ much lower than those of _F], or their parents.
1t takes 5-6 years for lake trout in Canada to mature. During thi§

periqd, they are subject to_greai damage by Petronyzoniformes. Splake

"tfout, a hybrid between'lake trout and speckWed'tfcut (brook trout)

which have a shorter maturation period, but mature in three years when
they are cultured in ponds.” They grow well in lakes and ‘are recommend-

ed in place of lake trout (49,50).

2.4 Other ‘fish

Yellow tail, ee]s,'Ayu'(P]ccoQTOSSUS)'and Tai are cu]tivated

in large numbers in Japan'and they afe'important species fof aquacul-
ture. ‘Among these, the reproduction techniques for Ayu and Tai have

been developed in recent years:"with regard. to Yellow tail and Ee]s;
the yields of which are the largest or next to being the largest, thé
techniques for their reproduction have not beéh'dcvéloped yet (FIGURE
7.1), and only the wild types, caught in their natural surroundings,

have‘Been cultured. For thesé"fish, fhe‘breeding‘is presently impos-
gib]e. Yie?dﬁof Funa (éaéﬁs{éﬁ) are rather sma]1 compavred to thoseoF’

other fish; however, several variants are used at present, such as -

Kinbuna (C. 5ﬁré£u§'sﬁbsp.)  Ginbuna (C. a;‘Tdnqsddrfii) and Gengo-

robuna (C. a. cuvieri) (53). L

Recently, in the USSR, the natural environments of some fTish
have been destroyéd by the consfruction'of power plants. In order to

obtain new species which can adapt to new environments, bhybrids with
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fully obsér;ed. In recent years, the demands for species orjginaily
bred in Japan héve'increaﬁed.. When thege species are cultivated iﬁ
pbnds, the growth rate is.vefy low compared_tg ﬁhat of rainbow trout
at large, and also they ére susceptib]e to diseases. Suzuki and Fukudé

(46,47) crossed 62 combinations of Salmonids, bred in Japan and abroad,

~in order to improve their characterévgeneticé1Ty. " Hybrid Fy by these

crossings were cultivated until they reached 3 years and 9 months of

age, in constanticonditions of Qater temperature, flow spéed’df water,
oxygeh contént, amount of food for consumption and ihe deﬁsity;of f‘!h.
At l1ecast 9 combinations of these crossings showed heterosis and were
Tess susceptib]e to spcbific diseases; also, their survivaT rates were
higher than those of any parent spec1es,'after the per1od of F1nger11ngs
(TABLE 7.3). The growth rate was e]ther faster than that of the parents

or equal. For example, Iwana (Sa 1ve11nus p1uv1us) bred in Japan,. has'

wild characters, is difficult to adapt -to artificial feeding and. their
growth - rate is slow. But they are resistant to diseases and theif sur-

vival rate~fs relatively high. On the other hand, Kawamasu (brook trout

which are similar to Iwana by classification and morphologically, a.)t

easily to artificial feeding;“grow faster than Iwana, but are susceptib]l
to diseases;"nybrids F] obtained by crossing Iwana and kawamasd showed
remparkable resistance to diseases. Their survival rate was ﬁigher,thah |
tha} of both parents, they adapted easily to.artificia1 feeding and

they grew much faster than Iwana; The fact that the heterdzygous fish
show ahstronger.resistance‘to specifib diseases suggests that the sus-
ceptib%]ity to.diseases'is a recessive inheritance, similar tolthe éase
of the hybrids of carps,kpreviOQSTy described.. These hybrid; F] may
have more advantages whencultivated in bonds; pohpared to the species

already in existence.
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Ever since rainbow trout were impdrted for the first time to
Japan in ]907; the spawning time has become earlier. At the Freshwater'
Regional Fishery Research Laboratory at Nikko; the spawning showed the
maximum at the end of March in the year of 1911, but.itshowed the
maximum at the beginning of December in the year of 1964 (41). lAAsimilé
phenomenon ﬁds been observed at the Ooizumi EXperfmentaj_Laboratory_of‘
the Tokyo University of Fisheries (42). -This qhahg¢_1§ probably due to
the result of selection, when fish obtained'from gggs;‘ﬁpéwned early
every year, were used as the parental fish for thé'fdllowing‘generéfion;
Also, since armong rainbow trout of the same age, the,fishAof‘largér .
size mature earlier (43), fheir éggs; spawned eariier;"hatch earlier A'
than those spawned at a later period. The fingerlings stdft their feed-
ing earlier and have grown larger by the~time they‘réacﬁ their spawning

period. Thus, their spawning period commences earlier.

Considering these observations, the phenomenon of spawning ét
an earlier time is due to environmental facfofs which affect the growth
of trout, such as the types and availability of food, the qué]ity of
the water and the water temperature; in additiqﬁ to the.genetic factofs_

A similar phenomenon - an early maturation - dis known to occur

- to Masunosuke, by crossing the fish which matured early (44),‘

-

Crossings between different species of Salmonid haQe
beén,performed in.Europe; USA and‘Japan (Suzdki2,45). However, theré
have béen only a few extensive sthdies of the cases.when F] ana their
of fspring have been kept under the same conditfons as the pafent sﬁeciés
for a long period of time and when the economically efficient character;l

such as the growth rate and the resistance to discases, have been care-
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of Salmonids became possible. However, their breeding is still in

a primitive stage compared with that of carp, even in the case of rain-

‘bow trout,whith are being cultivated most extensively at present.

Concerning rainbow trout, the characters required in them have

been until now: . an increase in the egg- numbers spawned, earlier matu-

~ration, earlier collection of eggs, better metabo]1c eff1c1ency and a

h1gher'growth rate. Lewis (37),by select1on from the ord1nary rain

norma]]y
trout, obtained a line which spawns in November [th]s trout/spawns ear]y

in the spr1ng] At the 2nd year of age, the spawning rate of this new
line was 98% compared to 53% for the parental ]1ne. " Also, ét.the second
year of age, the number of eggs spavned increased to.],693,from 723 in
the parental 1ine. Millenbach (38) also obtained a line which showed

a h1gher spawning rate at the second year of age. He observed that,

when these trout were released into streams, the time of maturation

overlapped the start of the fishing season and the color of these fish

turned blackish; however, anglers prefet’rather immature fish bﬁt with

the silver-white co1or:.'For 23'ye$rs,_Dona1dson and Olson (39) and
Dona]dson (40)~have been selecting rainbow.trout which comé.up the ri-
ver inside the campus of the Uhiversity of Washington. In 1944, the
avérage length of these two years old trout was.36;3 cm., the Targest
being 39.0 cm:; the numbers of eggs spawned was 1,653, the 1argest
number being.2,121. The length of the fish and the numbers of eggs spawr
ed incrcased every year. In 1968, the length of two years 01q“trout
reached 60.4 cm;-on the average (the largest being 66.0 cm;); and the

number of eggs spawned increased to 9,259 on the average (the largest -

number being 18,144) (TABLE 7.2).
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they are unattractive to Japanese because of their irregular lining
of scales; they are difficult to cook because of tneirngreatér body |

height; they are easy‘ﬁo catch but have low pulling strength, efc.(36).

Assuming that, among the various species of carps, species A

has a favorable character of dominant inheritance and an'unfavorab]e‘

;character of recessive 1nher1tance, also assum1ng that spec1es B has a

different favorable character of dom1nant inheritance and a different

character of recess1ve.1nher1tance, by cross1ng A and B, 1t may-be
possiblc to produce hybrids F] with both favornble characters and |
without both unfavoréb]e characters On this assumption, Suzuki and
Yamaguchi (34) tried 9 cross1ngs among the spec1es described above
Hybrid F] (Yamato x Mirror) between female Yamato carp and male mwrrori
carp; also hybrid . F] (Yamato X German-scaled carp) between fema1e Yama-
to and ma]e German-scaled carp, showed heterosxs In part1cular, hete-

rosis was remarkable in the first crossing. This hybrid shows a better '’

gain from food consumption and a higher growth rate than not only Ya-

moto carp but also the mirror carp (TABLE 7.1, FIGURE 7:2); "Also, this

hybrid is resistant to specific diseases and has regnlar scales. Thus,
this species can be recommended for cultivation in the future.. F2 of .
thi's hybrid has a similar growth rate, comparable to Fy, but is more

susceptib]é to diseases and has lower metabolic efficiency. Also, Fo

is divided into scaled carp and mirror carp in the ratio of 3 to 1.

-

Therefore, only F] is desirable for use as food.

: 2.3- Sa]monia;

Compared. to carps, the cultivation of Salmonids has a rather

shoft history. It was only after the 17th century that, the breeding
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hybrid is adopted in many culture grounds. When ropsha carps are in-
bred, their resistance to disease is decreased; but when they are cros-
sed with carps bred in'the'Ukraine, a higher growth rate and strongAre4‘
sistance to diseases are shown as the result; the survival rate is |

then also higher.

Studies concérning selection and crossings ha&e mainly bégn.
directed to growth rates or immunity to diseases. However; no-resgarch.
appears to have been done on the food efficiency. _Cu]turing carpS'ﬁP“
Japan is effected mostly through feeding and thé‘aspects of their higﬁ~
rate of growthand metabolic efficiency are of importance. Yamato-cafps‘
and Asagi-carps, both of which are‘Oapaﬁese breeds; the wild and'sca]éﬂ
carps, which dre‘German bfeeds; and thé mirror carps were cultivated
in various:énvironménts and compared by Suzuki and Yamaguchi (34) and
by Suzuki et al. (35). 1In all environmeﬁts, both the metabolic effi-
ciency and the growth rates were in the %o]]owfng order: hirror carp >
scaled carp #_Yamato carp >_Asagi carp >‘wiid carp. The mirror carpsl
are the best species with regard to the metabolic efficiency and grd‘lh'
rates. On the othér hand, wild carps, considered to be the original
species of carps, showed the lowest values in bdth rates. When culti-
vated in running water at 25°C, the increase in the weight of the mir-
.ror carp was 7.3 t i m e thét of the wild carps and the metabolic
efficiency was 1.6 timeélt”h'aﬁt of wild cafps.(TABLE 7.1). Also, the_}
survival rate of wild carps is 10& under artificial condifionsfand, gene-
ra]]y; it is difficult to spawn them. These facts show that, Qheﬁ culti-
vating fish in aftificia]ienvironments, the wild types have a greater
disadvantage than the other selected spdciés; However, the mifror carps
have also many disadvantdges, i.e;: their susceptibility to disecases (35)
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was not selected, was 30 - 81%2; while the mortality 6f tﬁe offspring.
of fhe selected group was only 2 - 15%. Prokhorchik (20), by selection
of. cultured carps bred in the Beloruss Repub?ic, obtafned carp ifnes
with higher growth rates, higher hibernation rates and higher yields
per hectare than those of the origina]]y'cuitured carps; also highef

than those of mirror carps;

When fewer numbers of.parents are-used in repetitive se]écfions,
more of the offspring bééomé‘Homoz&gdus; Thefeforé; jt fs considered
that there is a risk fhat inférior; unwénted characters will become |
phenotypes. In the second.géneratidn of offspring from a‘pair of carp
parents; the incfease in weight is lower by 10-20% thén‘that of the firs
generation; also, the survival rate is lower;_but thé-abnorma]]y—“‘ |
shaped carps inérease, However, there are éases when héterpsis {s .
caused by outbreeding (21,22). Carps have iﬁtefmuscu]af bones. Theée.
bones are disliked by man: Recently; using X—rays; fhé relationship |
between thé numbers of intermuscular bones and the fish variations, |
also between the numbers of back boneé and the intefmuﬁcuTar bones
have been studied (23;24). _However; the creation of spécies with fewer

bones has not yet been achieved.

2 There have been many cases of heterosis in thé gfowth 6r-in»the
resistance to disease, when carps of different #pecies hﬁve been crbssed
frequept]y (25-33). Kirpichnikov and his‘colleagues (29;30)-reported
that: the F] hybrid (ropsha carp) between a mirror cafp brea in Po]aﬁd
and‘a wild carp bred in the Amur River (g strong river ﬁith Tow tempé-

ratures) shows a high growth rate under severe weather conditions in

Russia, as well as high resistance to "Bauchwassersucht". 'Thus, this
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they grew. faster than the Japanese'breeds. A]so, it has been reported
that the hybrids Fy resulting from crossing the German and’Japanesc

breeds, gfew excellently (14, 15). Thereafter, hybrids of these two

breeds were distributed everywhere and, even now, the characteristics

of the leather carpé, mirror carps and line carps are found in the
edible carps and Nishiki carps. Such carps with irregular scales are
not favored as food by Japanese, who have thopghﬁ since the olden times

that carps should have scales. It is do_ubt*ﬁu] whether the carps ‘

- which were transplanted and called leather carps and mirror carps,
were the same species as the carps described previously. However,

'since both the leather and line carps are fohna at present, it is cer-

tain that the 'species with the N factor,-diSadvantpgeous to culti-

vation,; must have been transplanted.

The body heights of the cultured epec1es bred in Europe are

.hlgher in relation to“their body ]engths, than 1s the case with other

spec1es. This phenomenon 1is cons1dered.a genet1c character (]6,]7).

However, since the body height is easily affected by chironmehta1
factors and there is no correlationship between the body height and
the growth rate, it is considered a risk to use the body height as a

selection-indicator (18,19).

Apart.from breeding carps by actual experiénce, the seiectioﬁ
studies of crossings have also been followed intensely, particularly
since Yorld War II; Schaperc]aus (18) injected 1into carpgTq1vé virus
of "Bauchwassersucht", which was causing great damage to,carps.in the-

European cuTture-grounds every years; he then selected the carps which

were not infected by this disease. The mortality of the group,which
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the weight, the heritability became extremely low (0.10-0.15). It is

said that mirror carps will not be affected now by selection (7.8).

In Europe, carps with fewe~sca1es have been preferred for cook—
ing'and selection has been made for this purpose. Carps are d1v1ded
into the following 4 groups, accbrding to thejtypes of sca]es they
have.- The first group 15 a sca]ed carp w1th sca]es over 1ts who]e“*'7
body, the second group is a ]1ne carp with one line of sca]es a1ong.p_
each s1de laterally and one 11ne of scales on both s1des of the dorsai
f1n, the third group is a mirror carp with ]arge—s1zed scales on]y on‘
the basal part of its dorsa1‘fins and on a porcﬁon o% ifsztai1 baseg .;
and the fourth group is a leather carp whichiécarceiy has’any sca]es-
on its body surface. These types are controlled by two d1fferent fact—
ors. If we assume that the factor related to the appearance of scales
is 'S and the factor related to the Tack of scales is N; then .S 15. 
dominant to N and is inherited accordipg'to Mendel's Law (9).  Fac£oF;
ors of a scaled carp comprise nnSS or nnSs; fn thekcase.qf a’iinea
carp, NnSS or NnSs is true; in the case of_a,]eather‘carp; Nnésgrand
in the case.of a mirror carp, nnss. The NNSS, NN§S, NNQS are lethal

and fish with these scales cannot survive.
Of the above four types, the mirror carp and the sca]ed carp o
show the h)ghest growth and survival rates. Mirror carps part1cu]ar1y

are recommended as species for cultivation in Europe (]0}11,]2;13).

In 1905, 4 female leather carps and 1 ma]e‘mirror carp; bred 
in the Eisch River in Germany, were transp]anted to Japan for. the first

time. These carps with irregular scales were called "German carps" and
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mercial species are creafed in the above manner. Today,‘these methods
have been systematized due to well deve]oped'scholastic studies, eQen

in the fTield of agriculture. Many of the present species used in culti-
vation and breeding were created by our ancestors, who gained their ex-
pererience By repetitious selection and crossings; quick}y'detecting'
spontaneous mutants (an.accidenta]_product)_by careful daily dbserva—~>:
tions, and then culturing these mutants. Recently, in the field ofi

agriculture, the following were also considered to be importantAbreed—

ing methods: after 1nduc1ng muLat1ons artificially, popu]at1ons WIth

kdes1rab]e characters are created from many var1ants, sperm from popu—

1at1ons with specific characters are preserved permanently and used
when required. Using such methods, the breeding of cultured popu]at1ons

of f]Sh is now reviewed in the fo1low1ng

2.2 Carps

In the past, for people who ]ived.inland and could not obtain
marine products easi]y, carps were an important source of anima] proéi
tein These fish have been cultivated since ancient times and amod!.
fish, the method of breeding them has. advanced most. The origin of
carps is in Centra] Asia. It is said that, in China, carps were cu]fi—
vated 2,400 years ago. At first, wild carﬁs vere caught and culti-
vated, and the reproduction techniqbés have also been long estab]ishedh
In the long hdstory of. breeding, our ancestors developed the breeding of

fish species by repeated selection, as they did with domestic animals.

At present, thrdughout ‘the entire world, many local variants of species

are known.

Among these, the breeding of mirror carp has been advanced

most. As the result of the selective policy for populations to increase

e g s e e s
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Thus, each genetic polymorphism of populations has to'be analyzed from
all points of view. Then, on the basis of the data of these analyses,
creation of a new population with the desired characters, responding

to requirements,is the objective of actual breeding cultured populations

Tﬁe methods of breeding éuéh popu]atioﬁs do not hiffer great]y
from the methods wh1ch have produced exce]]ent results 1n the f1eld of
agr1;u]§ure. As shown in FIGURE 7.1, the start of cu]turlng wild crea~q
tures is followed by establishment of the reproduction techniques which
are suitable for them ih the artificial environment. The genetic poly-
morphisms of each.cu1turé—popu1ation are analyzed and a ﬁéw popu]atipn’
with desifabie characters is created by selective bréeding. «ThisAnew‘
popu]ation could become a commercially valuable species direct]j._ Fﬁr—
ther.more, two different populations are cros$éd in order td give tﬁe”
required characters of both popu]atidns to their offspring; or; iﬁ or-
der not to have the undesirable characters in.their offspring; but
presently found either in both populations or in one‘of them..If thése
goals can be achieved successfu]ly; commercia]Ty useful species~cauﬁe'

created. Also, sometimes, hybr1ds F] of dxfferent species ‘may be

‘either sterile or monpgen1c - These phenomena are sometimes adopted

in the commercial fields. When new populations with desirable character:

aré;created by crossing, they are distributed ihmediate]y; the indivi=

- duals with every possible combination of the various genetic structures,

isolated from the Fz‘generation, are then cultured.

Most of them are heterozygotic. From them, fish with desirable

characters are selected and the F3 lines arc established. Then, the

genes become homozygous, caused by continued selective breeding. .Com-

O g g R A rbie LE R




1. Genetic control of wild and semi-wild populations

The fish yield from wild pobu]ations, which are not‘cbntro]]éd,
fs far Qreater than the yield from cultured popu]ations. Thercéfore,it
is necéssary to increase wild pbpu]atfons with‘specff{c'genetic'char—
acters by protect1ng them or transp]ant1ng them, while it is also
necessary to increase the catches of fish popu]at1ons w1th d1sadvanta-
geous characters. Once a w1]d popu]at1on is controlled by man, it is
not a purely w11d population anymore. However, for conven1ence, such

popu]a’mons are distinguished from cultured popu]atmns, which are C‘lt—

~rolled by man throughout almost the1r entire life.

to
Since early in this century, in order/1dent1fy wild popu]at1ons

and local groups and also in order to clarify the reprqduct1on resour-
ces, mostiy morphological and ecological studies have been developed

on the basis of data on the resources. Hoﬂever; studiés of wild bqpp~ |
lations are fewer, when compared wiih studies éf cultured popu]atibné.
Recently genetic Studies have been‘deve1oped of.the populations of:

tuna (1), cod (2,3,4) and sa]mon (5,6). Due to the ddvancement'inb

biochemical techniques, evaluations of_jenes'or»genotypes of wild p

lations are being made intensively, using isozymes.

T
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2. Breeding 'of cultured populations.

'2.1. Purpose and'méthodsbofibreeding _ o -

Breeding is the creation of a bié]ogica] population with genétfc
characters which are desirable to man, who then grows and increases it.
Therefore, breeding is closely related to industry. The requircd'char~

acters vary, depending on the kinds of creatures and the changing times.
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ARTICLE 7

Author : Ryo Suzuki
.~ Freshwater Regions Flsher1es
Research Laboratory
Ueda

FISH

At the time when "civilization" had not been developed, it'

was never thought that man could control fish, except specific speCies;

~like carps. Today, fish are in-demand not only for man's food, but -

also as food for domestic animals or as food for culturing fish. Fish
have been overcaught due to the great progregs in fishihg techniqees
and the natural breeding grounds of fish have been destroyed due to
the env1r0nmentq] deter1orat1on. Therefore, the natural resources

for fish are decreasing. Having in mind the varieties of food habits,
this also applies to spart-fishing, a stebi]ized preduction.of fish

by cultivating various species is indeed nceded. Therefore, as fish
resources are being dep]eted, it is necessary to develop~é systematic.
method of control, besed on a genétic‘aﬁa]ysis of wild populations.
Moreover, in order to proddce fish populafions with utmost efficiency,-
using cultivation and not just trying to improve its techanues, it is
important to create new populations with all the advantages of- genet1c
jmprovement of the species. Consequently, the present state of fish
breeding and the problems involved with fish studies for‘the future

are reviewed and discussed in this paper on the basis of the aspects

referred to above.
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FIGURE 6.5 SHELL COLOR OF THE FIRST GENERATION OF PURE-BRED

LINES OF C. GIGAS;~BRED IN HOKKAIDO AND KUMAMOTO,

AND THE FIRST GENERATION OF THEIR HYBRIDS
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FIGURE 6.4: ‘DISTRIBUTION OF THE SHELL LENGTHS OF THE THIRD
| GENERATION OF PURE-BRED LINES OF C. GIGAS, BRED
IN HOKKAIDO AND HIROSHIMA; AND THE FIRST GENERA-
‘TION OF THE HYQRIDS BETNEEN THE HOKKAIDO AND

. HIROSHIMA BREEDS - |
@ (Imai and Sakai, 1)
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FIGURE 6.3:

GENOTYPE AND WHOLE BObY WEIGHT .OF C. VIRGINICA

. ‘Left figures show the average weight of shells

with 1,2,3 or 4 heterozygqotes in 4 gene loci,
relating to Est - 3, PG, LAP and PGM,

Right figures show the genotype of AAT-1 and
the weight. _ .

L: Groups, the whole body wéighi:bf
which is.-below 1 g.

H: Groups, the whole body weight of =~ =
which is over 4 g.

Numbers show fhe numbers of shells
(Singh and Zourss, 21)

. pverage weight (g.)

N N — N
o 1 2 3 3 S d

Numbers of gene loci ~Gen6type of AAT-1
of heterozygotes ’ :
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FIGURE 6.2:
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DEVIATIONS OBTAINED FROM THE EXPECTED VALUES
OF HETEROZYGOTE FREQUENCTES TN C. VIRGINICA,

DIVIDED INTO 4 GROUPS (<1 g., 4-6 9., 6-8 g., >8 g.),
ACCORDING TO THE WHOLE BODY WEIGHT | o |

~(§ingh and Zouros, 21)}

Average

weight (g.) Average weight (gi)
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FIGURE 6.1: DISTRIBUTION OF ALLELOMORPHS IN THE POLYMORPHIC
GENE LOCI RELATING TO THE ENZYMES OF BIVALVES AND
SNATILS FOUND ALONG THE COASTS; | |
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TABLE 6.11:

o e P B e TS P TR SR

SELECTIVE EFFECT OF SHELL CHARACTER OF PINCTADA

BY ANALYSIS OF VARIANCES

(Wada, 25)

EXPECTED VALUES OF HERITABILITY AND THE EXPECTED

11— 1
o 1 4
Q) S~ (o) Q)
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s — S~ @ N o o P
<)) — o 4 — (8}
FuY 0T~ Q Y- W Y @
QO [ge I o= L A ) o> > O Y-
(1] v = G S (94 < Lo
s 5- w4 O oo 5. © o v
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(&5 > T+ Q L] 4+ < 4+ [ g} ]
Shell heigh¥sm 1 .32%.2 1.25mm 24.4mm 5.1
; ’ 2 1.054.76 §.25mm 43.3mm 19.1
Hinge line Tength u1) 1§ .05%.08 .20mm 23.7mm .7
: ! ’ 2, €347 $.mm 46.0mm 9.6
Shell width (sw) T .36.32 .S2mm - 8.1mm 6.4
i . 2 | .BIE.S2 2.13mm 16.9mm 12.6
: SHHHL+SW 1 i JA52.16 ¢ 1.23mm | 61.1mm 2.1
- 1
: , 2§ .S0%.52 15.09mm : 106.2mm 14.1
i SH(SH+HL+SWJ} 1 | .s8x.43 015 400 : 3.8
: ’ 2% L7049 .0H 403 3.4
H HL(SH+HL+SW) 1 | [57%.43 .016 -469 34
oy 2 ! osrz.e6 .o14 432 3.2
SW,(SH+HL+SW)1 | .49£.39 .006 2132 45
: ’ To2E3 .004 *.160 2.5
Wet weight of shell !ono09x.s2 3.86g 8.12g . 4ns
Dry weiqght of shell | o1o7k.52 307 6.82g 45.0
: x 1 .e3x.48 .018 .304 5.9
¥ B 2 3 N
Col or of pearly (CLE® i .22£.26 007 308 2.3
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TABLE 6.10: EXPECTED VALUES OF HERITABILITY ;AND THE EXPECTED
."SEL-ECTIVE EFFECT OF. CHARACTERS OF C. GIGAS BY

ANALYSIS OF VARIANCE -
: ‘ (Lannan, 24)

= o
5 o o o
O ] = Dy 3]
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Shell width (W) szl Woamm  namm %%
Shell hejght{H 117,05 _s.7mm 10.9mm - [T
Shell Tength(L S1k.27 18.9mm . S2.tmm 36
L+W+HH . oo v s o v e 1 .93%.28 35.3mm 96.5mm a3
L/H. oo oo, ot 31518 2.75 674 1
- Whole body weight (TW) .i;:.0 1.9¢ . . 29.78 : 27
Soft body weight (MW) .s7x.2 208 - 63g 32
MU/TH. ... 462,22 0.2 .210 19
Larvae survival rate .az.06 % 3.51%— . - 9

Settling rate .09£.03 L0223 4,495 0.5




TABLE 7.4:

Parent specie
and F]

Kawamasu.....

Iwana........
Brown trout..
Sakura trout.
Hime trout.,.

7 Kawa-sakura..
Kawa-hime....

Tiger trout..
Bra-iwa......
Bra-sakura...

S

COMPARISON OF EDIBLE PORTIONS OF

OF SALMONIDS

F, HYBRIDS

-236- \

* f is female
fm 1is neutral

** 95% reliable Timit

261,51138.2 16.2%7.5 ]
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.. f 23° 813.9485.4°° 186.0£17.9%* 157.85£18.1°° 76.9£1.6%°
.. f 21 476.9£39.2 £3.7+11.2 © 85.611.4 79.0%1.9
. f 25 434.7230.8 89.248.2 76.1%7.8 79.5%1.2
.. f 25 311.6£30.5 57.5%£4.2 51.2+3.8 8l.1x1.1
. f 19 562.84+25.0 146.3210.6 . 91.8%5.2 74.021.4
e f 23 321.2+58.2 23.64.7 5.1=3.1 92.4+1.1 (P <0.001)
.. f 16 458.4+79.0 . 35.6+9.1 7.9%8.6 92.1x1.5 (P <0.001)
fm 2 649.0 45.2 ‘ 0 . . 93.0
.. £z 505.446.1 38.4+3.3 0.5%0.1 93.220.2 (P<0.001)
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QUESTIONS, ANSWERS AND GENERAL DISCUSSION

Chairmen: S. Sudo ‘
Tohoku Un1verswty, Department of Agr]culture ’

Y. Nose -
Tokyo University , Department of Agricu]ture

K. Fujino R
Kitazato University, Dcpartment of F1sher1es

Y. Taniquchi (University of Kochi, Department of Agriculture):

According to data on carps by Moav, selections, performed in order to
increase the growth rate, showed negative results. What was the cause
of these results? Was it caused by inbreeding? ‘

K. Wada (Pearl Research Laboratory):

As the result of natural -selection during the evolutionary proceés’
and also as the result of the artifTicial se]ect1on in the breeding pro-
cess throughout the long history in Europe, the 1ncrease in the growth
rate reached its 1imit. The manner of breeding was devised not to have
inbreeding. However, it is not certain whether inbreeding was actually

avoided or not.

K. Suzuki (Freshwater District Fisheries Research Laboratory): _
The chromosomal numbers of carps or Carassius vary depending on the .
use of either Osmic Acid or tissue culture methods. How does it con- -
cern the cases of other species of fish?

XL_Qiigg (Kansaigakuin University, Department of Science):

Some showed the same numbers, using both methods, but others sliowed a
little difference. (1)Chromosomes were observed, using mashing way. »
Why air-dry method was not used? (2) It is necessary to show the normal
karyotype of fish, used for‘the.gxperiménts, as a control. What do |
you think about this? (3),15 pollution in New York Bay still gettihg_
worse? MWhat about the values of COD and BOD?
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‘Sudo (Tohoku University, Department of Agriculture): (1)

Is the quantity of phycoerythrin, contained in the green and yellow
types pf Nori,less than that in the wild type, or there is none at all?.

(2). A]so,‘did you observe the absorbance of phycoerythrin; extracted.'
and purified? " " '

‘Miura: : ~ SR .
(1) The quant1ty of phycoerythrln, conta1ned in these types of Norl, is

small. (2) Mr. Ashida of Tokyo University is now working on these

“absarbances.

" Y. Nose. (Tokyo University, Department of Agrfcu]ture)‘

When you obtain the-seeds of. Nori, how much attention do you g1ve to

the resistance of Nori, as mentioned prev1ous]y?
] [

Miura:

Presently, this is not of great interest. However, this problem js'
actually being studied in some districts. - ’ ‘

E.’Fujiho: (Kitazato University, Department of Fisheries):
The day before yesterday (October 7), Mr. Sudo mentioned the differences
of the gene frequencies of the isozymes, depending on the regians where

" Nori were produced. Are there similar differences among the color

po]ymorph1sms, which Mr. Miura studied? _
Sudo: We now have a plan to study this and the result is expected ‘soon.

Miura:
Concern1ng the biochemical f1e1d presently Mr. Ashida of Tokyo Univer-
sity is studying this. We can get accurate results later. )

Sudo: R : o ' .
How to breed agar which are diploid -and have many chromosomes7 (Such
as Wakame, exc]ud1ng Nor]) ‘ ‘

Miura:

At present, selective breeding might be the most effective. On fhefothex

hand, since the exchange of combinations and crossings takesplace in
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Nori, which is half-diploid and with few chromosomes, it is possible

to create mutants by crossing them.

Fujino:
Please exp1a1n the causes of the excess of homozygotes in many gene 1oc1
of various aquacreatures, as shown by the slide- p1ctures. '

‘K. Numachi (Tokyo Un1vers1ty, Institute of Oceanographﬁ

The f011ow1ng causes are considered: (1) errors at the collection stage'
(2) existence of zero, or Null, genes ; (3) selection based on the dif-
ference of adaptive values among the genotypes; (4) Wahlund effect h‘
to the structure of sub-populations; and (5) 1nbreed1ng

Nose:
As is the case of abalone, studied by Fujino, .-heterozygotes of isbzyme

polymorphisms of oysters showed high growth and survival rates. Is it
easy‘to create many young shells with these genetic eonstituents?

Numach1

In order to discover the enzymes related to the growth and surv1va1
rates, such as AAT-I in oysters, there is no other way but by repeated =
experiments. Having accumulated the data of basic stud1es, the fo]-.ﬁ

1ow1ng generations are then chec?ed

Fujino:

When the characteristics of po]ymorph1sms of specific enzymes, such as
the heterozygote dominance, are clarified, young shells with these geno-
types can be easily created in abundance. For examp]e,‘present]y, in _
the case of Ezoawabi, in order to ana]yze the polymovrphisms of enzymes,
it is impassible to get small pieces of body tissues without sacrificing
the animals used for experiments. " ' ' ';i
However, the fol]owwng manner can be recommended ‘For 1nstance, the
frequency of polymorphisms of/w1]d population, bred in Ekiko area of -~
Iwate Prefecture, has been clarijfied. Therefore, when ma]es and femnles
are obtained from this wild population at random, the probability of
creation of desirable combinations can be predicted. _

From the analyses of the offspr1ng, produced by these comb1nat10ns, the
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types of parent species used for crossings can be found. Then, the
seeds, which will produce undesirable combinations, can be eliminated,
but the crossings of desirable combinations will then be repeated.
Also, a better way to develop the technique.of collecting tissue pieces
is to use electric knives and anesthesia, without sacrificing animals.
Suzuki: _ - \ Lo
There are some cases when chromosomal numbers vary in the same species
of oysters. " Are fheir phenotypes different,’dépending on their hhrp-

mosomal numbers?

Numachi: . . : ‘ - o
Chromosqmai polymorphisms are found not in oysters, but in Purpura

" lapillus. Their forms vary, depending on the chromosomal numbers.

(1) can F, hybrid, obtained between species, be used in nature?

(2) Generdlly, is it difficult to succeed in creating F2 hybrids,;ob3
tained between species, and hybrids by back-crossing? For example,
in Sendai Bay, hybrids between fshjfgarei'and Kawa-garei can be found,
but inducing of genes of Ishi-garei to the population of Kawa-garei

can scarcely be found.

Suzuki:

et et gt

(1) Ttansp]antat10n and stock1ng is useful 1in the water districts with--
out. the species which have a]ready existed and can create wild hybrids,
such as lakes and rivers w1thout any areas Tfor spawn1ng

(2) Generally, since in many cases the F1 hybrids, obtained between
different spec1es, are infertile, or their F2 cannot survive, their
offspr1ng/hard1y*created However, in the case of Kawamasu (river
trout).qnd Iwana, it is possible to produce them. Many fish, which are
considered to be the hybrids between both of these, are found in the

rivers in Japan.

+

" T. Harada (Kinki University, Department of Agriculture):

There was a mention that no breeding studies of Hamachi (yellow tail)

Fave been made.  However, the F; hybrids were produced by us by crossing
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Hamachi and-Hiramasa; Hamachi and Kanpachi; and Kanpachf.and Hiramasa.
Also,  the Fz‘and hybrids by back-crossing were obtained. Similar
experiments, using Madai and Ishidai, are being developed. Some re-
sults have been reported at the Meetings of the Japan Fishery Society. -

Kato (Freshwater Region Fisheries, Research Laboratory):

Selection of useful characters of rainbow trout was performed and their
inbreeding was. reported throughout 2-3. generations. It is considered
that the effectiveness of selection was proved. At present, goncernipg
the egg numbers.and the diameter of eggs, no inbrecding'depression was
shown. However, since there is no theoretical basis for these se]é.. »
tions, it is considered imprdper to repeat the inbreeding, in order to
keep these characters improved. When fepeating the inbreeding of on]y:
excellent indiyidua]s, the inbreeding depression mjght be prevented.

Fujino:

It is considered that the inbreeding depression is due to the appeafance
of heterozygotes between the infcrior,'harmfu1'genes and the superidr,
normalggénesﬁ-they'act as carriers (phenotype is 'normal) in populations;
and the appearance of heterozygotes 1is caused by the increase of homo-
zygotes due to inbreeding. . - :
Concerning specific characters, if no inferior. harmful genes, causing
inbreeding depression, exist originally in the population, or if they .
are eliminated by artificial selection, no inbreeding depression'taki
place in this specific character. A book concerning artificial inbreed-
ing as a breeding technique has been written. As an actual example, '
please refer to a series of reports concerning inbréedipg and selection
using rainbow trout (Institute of Fish Genetics, StateDepartmeént, USA)

_(28,29).

Hada: : o
Some animals (mice) are strong with regard to inbreeding, but others
(chickcns)'are weak. These mechanisms are not clarified. ‘In actual

breeding, this phenomenon has to he considered.

‘Fujino:.

As mentioned previously, the appearance or non-appearance of the in--
breeding depression concerning specific characters depend upon whether:
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inferior,harmfu]_genes, which are allelomorphs related to the appearance
of these characters, are included in the population or not; Their ekis—i
tence can be predicted on the basis of prior investjgations_of the
"foundation stock" of breeding resources. " ‘ ’

The polymorphisms of enzymes are used differently, depending upon
whether it is the case with adapt7ve values or a neutral case. There-,'
fore, concernlng any species of creatures, is there a general way . to ‘

~classify and organ1ze all enzymcs into either types7 :
" Whether the genet1c variations, 1nc]ud1ng po]ymorph1sms of enzymes

show the neutral or adaptive values, depends on the correlation between
the genetic background of the population and the environmental condi-.
tions of the area where this particular population is distributed.
Whether or not the adaptive values are present inha specific po]ymor—_:

" phism can be judged from the relative data on specific wild populations

and on artificial populations. However, concerning the same polymor-
phism, same studies have to be done of cach wild population. It is
impossib]c to predict the types of polymorphism of different enZymos.‘
Presently, the volume of data on this aspect is insufficient to dcve]op.

_genera] methods of classification and ‘organization.

When reviewing the spdechés,»presented'today, quesiions, answers and
general discussion, the main field of genetics and breeding studies

of aquaculture are divided into the following two parts. The first
part is genetic control of the éreatures, the seeds of which can be
produced by aquaculture. The second part covers the_gcneticcnntrd]

of wild populations. 1In the first case, species, used for aquaculture,
are” studied. The theory and manner, which have been developed for
flowers, trees, agricultural crops and husbandry animals, are mostly
being adopted.. Since the numbers of species of aquatic creatures are
large and their evolutionary degrees vary, it is important to organize
the subjects and to establish the correct goals for the studies.  These
relate to either the "Resources of breeding" or "Breeding techniques".

In order to accdmp]ish this task, theories and methods are needed for
the following: morpho]ogy of creatures WIth important performance
traits; quantitative genetics; stud1es of phys1o]og1ca] characteristics;
populatwon_genet1cs studies of biochemical characterust1c§; and cyto-

genetics. A . T : e
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Concerning the second case, the study by A.C. Longwell about the ef-
fects on wild pbpu]ations by water poltution, dealing with the aquatfc
resources, is quite unique. Also, as pointed out by K. Suzuki, the )
possibility of effects on the species already in existence by trans-
plantations and stocking have to be taken into consideration. .

At this Meeting, the probJemsnconcernipg‘preServation‘of_genétic re-
sources were starcé1y presented or discussgdl It is clear that these
.problems have to be studied in conjunction with advances in the bfeed;
( ing studies and their applications. Concerning this subject, the at._-
creatuves: :have been diyided into three groupS' ' ' :
(1) creatures useful for the culture; ‘
(2) wild or semi-wild creatures; and
(3) creatures used for experiments.

The problems concerning these creatures have already been organized*'"
and the d1scuss1on about them is expected in the future

[*K. Fujino: Preservation method of genetic resources cohcefping'
aquatic creatures. Aquaculture, 3, 17-21 (1978).]




