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TRANSFERRIN POLYMORPHISM IN CARP
(CYPRINUS CARPIO L.) POPULATION!
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Summary. Studies on the polymorphism of transferrin totally covered 1047 in-
dividuals, including 730 dry and 317 two-year commercial carps. This material originated
from production ponds of three fish-breeding estates in the vieinity of Olsztyn. The
occurrence of 10 phenotypes determined by a series of four alleles were recorded. The
state of genetic equilibrium retained. However, very large differences were revealed in
the frequency of genes and genotypes. In the group of fry, the moss frequent were D@ hete-
rozygotes and the frequency of D and G alleles was almost identical.

A two-year carp is characterized by significantly predominant number of DD homo-
zygotes, whereas the D allele covers over 609, of the total gene pool. No statistically
significant dependence was found between the transferrin types and the body weight.
However, it was found reasonable to undertake further studies making possible the record
of the dynamics of changes in the genetic structure of transferrin system and in exterior
traits at different developmental stages in carp.

The monomeric structure and large specialization of functions probably constitute
an evolutionally consolidated cause of a widespread differentiation of transferrin
types. Genetically determined polymorphism of that protein was discovered in very
many species of mammals, birds and fish. Results obtained by Valenta (1978) show
that polymorphism occurs in 17 out of 23 fish species of the Cyprinidae family. The
largest variation determined by a series of 10 alleles was found in barbel; in chub and
bleak there occur 9 alleles, whereas in ide and cyprinid only two alleles. On the other
hand, no differentiation in transferrin forms was found in amur, rap and vimba.

Polymorphism of transferrin in carp is determined by a series of 8 alleles. Most of
~ the recorded so far populations had only 3 - 5 alleles (Creyssel et al. 1966, Ba-
lakhin, Fomanov 1971, Balakhin, Galagan 1972, Valenta et al. 1978). More
alleles were encountered very rarely and only in some breeding regions (Galagan
1973, Valenta et al. 1978). Balakhin and Galagan (1972 a), when analysing the
ratios of genotypic segregations found that carp fry have irregularities expressed in
doubling the expected number of hete‘rozygotes. Kalal et al. (1975) reported very lar-
ge differentiation in the values of exterior traits. Heterozygotes with the DG genotype
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weighed on the average 111.7 g, exceeding significantly the remaining genotypic
groups (67.7 - 84.6 g). In another series of studies these regularities were confirmed,
The body weight of DG heterozygotes was on the average 114.3 g, while in the re-
maining groups of fry it was within 52.1 g - 74.9 g. Predominance of the DG genotype
was also expressed in a larger length, height and width of the body.

The widespread occurrence of favourable effects of heterozygosity of genes
determining polymorphism of transferrin may be important on breeding. This paper
presents genetic structure of transferrin of the mass population from north-eastern
part of Poland, as well as an analysis of relationship between the occurrence of
polymorphic types of that protein and the body weight of carp at various deve-
lopmental stages.

MATERIAL AND METHODS

Studies on transferrin polymorphism covered totally 1047 individuals including
730 fry individuals and 317 2-year commercial carps. This material originated from
production ponds of three fish-breeding estates near Olsztyn. The fish were ran-
domly chosen for the studies.

The blood of fry was taken from the heart, and that of the adult carp — from the
tail vein. Sera were separated from blood corpuscles by centrifugation; samples were
stored in a frozen state (—16°C).

Polymorphism was determined by the method of horizontal starch gel electro-
phoresis. The composition of the applied buffers was as follows: vessel electrolite:
LiOH-0.38 g, NaOH-1.25 g, H;BO;-14.15 g and 1000 ml H,0O; — gel buffer: 50 ml
vessel electrolite 450 ml tris-citrate solution containing Tris-4.8 g, citric acid — 1.6 g
ad 1000 ml H,O;

Electrophoresis was performed according to Smithies (1955). The gel was
stained with an Amido Black solution. The phenotypes of the studied individuals were
identified on the basis of the number and localization of transferrin fractions. The
fish hody weight was determined on an automatic weight recorder with the an accu-
racy of 1g. ' |

Results of electrophoretic studies made possible determination of the genotype
distribution and calculation of the gene frequency for individual groups and the
whole material. The expected number of genotypic groups was calculated using
Hardy-Weinberg formula; genetic equilibrium was statistically verified using the
chi®-criterium. The relation between transferrin polymorphism and body weight
was determined by a unifactorial analysis of variance.

RESULTS AND DISCUSSION

The material under study was recorded to have 10 phenotypes determined by a-
series of four alleles. According to the nomenclature of Valenta et al. (1976) these
alleles -were designated with the symbols Tf?, TfZ, TfF, TfC. The collection of
transferrin phenotypes occurring in ‘the studied population is presented in Fig. 1.
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Fig. 1. Transferrin polymorphism of the blood serum in carp. Genotypes (from the left): DH,
EF, DF, DE, FF, DG, EG, FG, GG, DG, DD
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The general genetic variation expressed in the, phenotype number is identical
~ in both fry and 2-year old carp. However, large differences were observed with respect
to the genotype and gene frequencies (Table 1). Fry are characterized by a pre-
dominant number of DG heterozygotes (29.19,), whereas in 2-year old carp the most

Table 1. Genotype distribution and genc frequency in fry and 2-year carp

. Genotypes (%) ‘ Genes (%)
rou
P | DD DFE Dr D@ EE EFr LG FF F@ GG 1 D E F G
Fry I 17.8 9.6 7.9 36.6 0.3 0.7 8.6 — 43 14.2 44.9 9.7 6.5 38.9
Fry 11 2.9 0.5 25.2 31.9 — — 0.5 8.6 19.0 11.4 31.7 0.5 30.7 37.1
n=210
Fry II1 ‘ 10.6 10.6 10.6 16.1 2.3 10.1  11.1 7.4 111 10.1 l 29.3 18.2 23.3 29.3
n=217
Fry totally 11.4 7.3 13.7 29.2 0.3 _ 3.3 7.0 4.7 105 12.2 36.5 9.6 18.4 35.5.
n="730

|
2-year carp 48.0 5.6 6.6 27.3 — 1.0 4.6 1.0 3.5 2.51 67.4 5.1 7.3 202
n=198
2-year carp 27.7 126 193 12.6 1,7 2.5 3.4 5.9 8.4 5.9 49.9 11.0 21.0 18.1
n=119
2-year carp totally 40.4 &2 114 21.7 0.6 1.6 4.1 2.8 5.4 3.8 61.1 7.5 12.0 9.14.
1 =317
Total population 20.0 7.6 13.0 269 0.8 2.8 6.1 4.1 9.0 9.7 43.8 9.0 16.56 30.7
n=1047 I \

frequent are DD homozygotes (40.49,). The total portion of homozygotes in the
group of fry (29.19,) is significantly lower than that in adult carp (47.6%). The fry are
characterized by a marked dominance in the frequency of two alleles — T'f” (36.5%,)
and Tf¢ (35.5%,), whereas in adult carp the relative portion of a single allele T'f?
constitutes 609, of the general gene pool of transferrin system.

As a result of the analysis of the genetic structure of fry from three ponds, some:
elements common for the entire studied material as well as some specific characters,
distinguishing fry from different objects, could be found. In all three subpopulations
the most are DG heterozygotes; the GG homozygotes are also frequently encountered,
whereas the alleles TfZ and TfF, as well as the genotypes involving these alleles,
- display large differentiation. In the both groups of adult carp, the DD homozygotes
are the most frequent, while the GG genotype is encountered very rarely. The studied
population should be recognized nonuniform with regard to its transferrin system,.
however, its variation is within the limits recorded in other breeding and production
regions of carp.

Despite a large differentiation in the frequency of genotypes and genes no sta-
tistically significant abnormality was found in the genetic equilibrium of the studied
population. Analysing the agreement between the observed and expected nambers of
genotypic groups it should, however, be stressed that heterozygotes were dominant in
fry, whereas homozygotes occurred in a larger number in 2-year old carp. Similar
tendencies were also observed in other populations under study. Genetic equilibrium
occurred even when heterozygous idividuals exhibited a noticeable dominance over
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homozygotes in respect of the body weight and other exterior characters (Kalalet al,
1975). Taking into account the results of the so-far studies, it should be believed
that heterozygosity of genes determining transferrin polymorphism in carp does not
cause desirable vitality increase.

The relationship between transferrin polymorphism and the body weight in the
studied population also appeared statistically nonsignificant (Table 2). It is very
difficult to prove the significance of differences because of a very large individual
variation and small number of genotypic groups with extremely large and small body
weight. The obtained resuits, therefore, did not support the convincing regularities
recorded by Kalalet al. (1975). A certain symptom of the identity of the results is a

Table 2. The body weight of fry and 2-year carp with different transferrin genotypes

iroups of studied material

i
Genotypes 5\‘ Fry I Fry II | Fry III1 |  2-year carp : 2-year carp
n z s [ n x s | on z s l n z 8 | n X s
DD ‘ 54 30.7 8.2 | 6 208 7.8 ! 23 56.9 209 | 95 9069.5 228.2] 33 774.1 193.1
DE 29 31.4 10.9 1 155 >« | 23 532 250 11 810.0 185.9] 15 882.0 164.2
DF ‘ 24 289 7.7 | 53 205 7.4 | 23 481 22.2| 13 9215 286.2‘ 23 926.3 227.8
DG [ 111 31.7 14.2 7 212 T E 35 64.9 24.1 | 54 926.4 2350 15 831.0 228.3
EE 1 240 x - - - | 5 612 819| — — — | 2 7550 x
EF 2 280 x = = = ‘ 22 553 27.7 29800 x| 3 12200
EG |26 283 84 1 72 X 24 629 275 9 1034.4 32401 4 7850 X
Fr | = — - 18 234 9.5 16 52.9 26.2 2 8550 x | 7 8114 136.2
F@ j 13 240 5.4 40 242 6.6 24 57.4 223 7 959.3 366.1| 10 825.0 210.1
GG |43 314 93| 24 198 7.3 | 22 468 19.0 | 5 1064.0 260.8| 7 682.1 165.9
Totally | 808 30.6 11.1 | 210 21.8 8.4 | 217 559 243 | 198 944.6 245.0 (119 8359 219.0

SE—1

little higher body weight of fry with the DG genotype as compared to the DD and GG
homozygotes. However, in 2-year old carp, a very rare genotype DG displays the
body weight similar to the population mean.

The inconsistency of the compared results may be apparent, since they charac-
terize populations at various developmental stages. The fry in our studies, though
being differentiated regarding the age and breeding conditions, is however, conside-
rably younger, while the 2-year old commercial carp is significantly older than that
in the population studied by Kalal et al. (1975).

Carp is a species, whose genetic structure underwent long selection aimed at
definite useful effects. The direction of breeding selection is not always favourable to
adaptational properties. A rapid growth rate of .carp is not simultaneous with the
natural functional efficiency of the organism. Genetic mechanisms of breeding selec-
tion 'nay manifest themselves by desirable useful effects of the additive gene action
in homozygotes, whereas heterosis effects may determine higher natural resistance
and heterozygote viability. It may be expected that at different developmental stages
of individuals specific genotype X environment interactions may favour or discrimi-
nate the growth rate of homozygous and heterozygous individuals. In order to
confirm this hypothesis with regard to polymorphic transferrin system studies making
possible the record of dynamics of changes in the genetic structure and gxterior
characters in various developmental stages of carp. |



{5] Transferrin polymorphism in carp population 287

CONCLUSIONS

1. The studied population was characterized by a large genetic variation of
transferrin system; 10 phenotypes determined by a series of 4 alleles were recorded
in it.

2. Great differentiation in the frequency of genotypes and genes was found
between the groups of fry and 2-year old carp.

3. No statistically significant relationship was found between transferrin poly-
morphism and the body weight of carp.
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POLIMORFIZM TRANSFERYNY U KARPIA (CYPRINUS CARPIO L.

Streszczenie

Badaniami polimorfizmu transferyny objgto lacznie 1047 osobnikéw, w tym 730 §ztuk
narybku i 317 dwuletnich karpi handlowych. Material ten pochodzit ze stawoéw produkcypixych
trzeoh gospodarstw rybackich polozonych w poblizu Olsztyna. Zarejestrowano wystgpowanie 10
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fenotyp6w determinowaunych serig czterech alleli. Stan réwnowagi genetycznoj populacji by}
zachowany. Stwierdzono jednak bardzo duze réznice frekwencji genéw i genotypéw. W grupis
narybku najezescie] wystepuja heterozygoty D@ a frekwencja alleli D i G jest niemal identyczna,
Karp dwuletni charakteryzuje si¢ znaczna przewaga homozygot DD a allel D obejmuje ponad
60% ogélnej puli genéw. Nie stwierdzono statystycznie istotnej zaleznosei miedzy typami
transferyny 1 masa ciala. Uznano jednak za celowe podjecie dalszych badan umozliwiajacych
rejestracje dynamiki zmian struktury genetyecznej ukladu polimorficznego transferyny 1 cech
eksterierowych w réznych stadiach rozwojowych karpia.

INOJIMMOP®U3M TPAHCOEPUHA V KAPITA (CAPRINUS CARPIO L.)

Pe3rome

Hccnenosamisamu nonmumopdusma tparchepuHa Obuio oxsayeHo 1047 ocobeit, Bxmouas 730 mMans-
KOB H 317 2-1eTHHX NPOMBIILIEHHBIX KapnoB. Vccnenyembiit MaTepHal NPOUCXOIMIT U3 NPOU3BOACTBEH-
HBIX TIPYIOB TPEX DPHIOHBIX XO3AHUCTB, HAXOMAIMXCS HeAalleko OT ONbIITHIHA. 3aperdCTPUPOBAHO MO-
sserye 10 penoTHnos, oOycnOBNEHHBIX cepHeil YeThIpéX ajuienei. COCpaHEHO COCTOSHME I'eHETHIECKOrO
paBHOBeCHA nonyssuy. OOHapy)XeHbI, OAHAKO, OY€Hb OOJIbIIME Pa3HHLIbI B YaCTOTE I'€HOB M I'€HOTHIIOB,
B rpynne manbkoB Hambosee YacTo BBICTYNAIM reTepo3urotsl DG, a yactota amneneit D u G 6b11a NOYTH
OIMHAKOBA. 2-JIETHMHA Kapll XapaKTepPH30BAJICsS 3HAYMTEIbHBIM IpeobianaHueM Yucia romo3uror DD,
a ayues D cocrapnsina 60 9; Bcero reHHOoro goxaa. He oOHapyX€HO CTAaTUCTMYECKH CYLIECTBEHHOI 3a-
BHCHMOCTH MEXIy THIAMHM TpaHChepuHa U Maccod Tena. OOHAKO, NMPH3HAHO LEIeCOOOpa3HbIM MpOBeE-
JCHUEC [aJIbHEHIIMX MCCICNOBAHUM, MO3BOJSIIOIIMX PErUCTPaldi0 JHHAMMKHM H3MEHEHMS TI€HETHYeCKOH

CTPYKTYPbI MOJMMOPMAYECKOH CHCTEMbl TpaHCepUHA KW NPU3HAKOB BHEIUHErO BHO2 B PAa3/IMYHbIX CTa-
IUsX pa3BHTHSA Kapma.



