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Abstract

The state of genetic balance in one or more loci, no matter if it concerns the loci involved in genetic determinism of
quality or quantity traits, describes an ideal state, being influenced by natural selection, non-random mating, gene flow
and genetic drifi. The Hardy-Weinberg equilibrium trial presents a significant importance because any deviation from
it reveals the existence of some disturbing, restrictive factors. Thus, in this direction, there were researched four swine
statistical livestock, taking into account the aggregate genotype derived from prealbumins, transferrins and serum
amylases. The significant distribution of the individuals which present the genotypical combination
PaPPa®/TPT/AmPAm® -(Landrace - 39.5%; Large White - 23.7%; Synthetic Breed P 2000 - 22.7%, Synthetic 345 -
31.9%) was characteristic of the four researched samples. Out of the 27 possible combinations in the three loci, there
weren’t identified individuals with the aggregate genotypes in any sample: Pa’Pa’/TATF/Am?Am?;
Pa’Pa’/TATF/Am*Am®;  Pa'Pa’/TA T/ Am Am?;  Pa’Pa’/TPT/Am Am?; Pa’'Pa®/TATF/Am*Am?; Pa’Pa®/Tf' Tf%/
Am?Am?. In order to estimate the balance state, it was calculated the determinant of the gamete matrix. The result of
the genetic state Hardy Weinberg trial, simultaneously for the three loci (g;1g33 817839 = g31813837819), emphasized the
fact that none of the livestock is in genetic balance, as it follows: Landrace (0.0000215 # 0.0000067), Large White
(0.000039 # 0.000041), Synthetic Breed P 2000 (0.000055 # 0.000025), Synthetic Breed 345 (0.000004 # 0.000030).
This shortage of balance was caused by an indirect selection, with a higher coefficient of some genotypic combinations
in comparison with the others.
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INTRODUCTION at the level of biochemical structures (Juneja,
1988);

Protein polymorphism manifests itself from o Establishing phylogeny and kinship among
birth and, with some exceptions, it is constantly ~ breeds, based on the frequencies of genes that
maintained throughout the life of the animal determine different biochemical structures
(Bacila V. et al., 2011). It is possible to use it as (Defta, 2001), structures characteristic to
an early selection tool for high-value breeders  certain breeds and population. “Changes in
since some protein fractions can be correlated  allele frequencies over time can indicate that
with some economic traits (Dragotoiu T.,  genetic drift is occurring or that new mutations
2005). have been introduced into the population”
Also, the importance of knowing proteins (Www.nature.com ).

genetic determinism (protein fractions) lies in e Being major genes, their manifestation is
the application of information in this field, in discontinuous, thus, they can be used as marker
the following directions: genes, establishing correlations among them
e Clarification of cases of uncertain origin  and quantitative traits loci (QTL). “Quantitative
since biochemical systems provide information trait locus (QTL) analysis is a statistical method
on the specific genetic material of each  that links two types of information - phenotypic
individual (Rebedea, 1991); data (trait measurements) and genotypic data
o Establishing paternity (Rebedea, 1992); (usually molecular markers) - in an attempt to
e Decoding the genetic  mechanisms  explain the genetic basis of variation in complex
responsible for the existence of polymorphism  traits” (Miles, 2008).
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MATERIALS AND METHODS

a. Material and laboratory methods
To determine the types of serum proteins, i.e.
prealbumins, transferins and amylases, there
were taken blood samples from 290 heads of
the following breeds: Landrace (76), Great
White (76) and synthetic lines P 2000 (66) and
345 (72).
The subjects that constituted the source of
blood sampling were chosen at random.
The vertical electrophoresis technique was used
to determine the types of transferins and
prealbumins in  the study individuals.
(Smithies, 1955; Costache, 2004), using
polyacrylamide as migration support.

AiBICy AiBIC,

AB,C, AB,C,

AsBCy AsBC AsBoCy AoBCy

Knowing the frequencies of the genotype
categories, the population's gamet background
was also determined, knowing that, for
example, the category of gametes of type
A1BI1Ci will represent 100% of the gametes
produced by genotype A1A1/BiB1/CiCi1; 50%
out of the gametes produced by

respectively g = [

To emphasize the types of serum amylases,
electrophoresis in starch gel was used as a
working method in a discontinuous system of
swabs (Meriaux, 1992).

b. Data processing methods

For the three loci, the number of genotypic
combinations which may result is 27.

Thus, the categories frequencies of aggregate
genotypes were organized into a matrix, with
three rows and nine columns.

Considering account simultaneously the three
loci, each one, with simple allelism, can result
in eight categories of gametes, the frequency of
which is organized in a matrix of the type:

g, &. & glq]
g3l g33 g37 g39

A1A1/B1B1/C1C2, A1A1/B1B2/CiC1 and A1A2/
B1B1/CiCi genotypes; 25% out of the gametes
produced by the A1A1/BiB2/CiC2 genotypes;
A1A2/B1B1/CiC2  and A1A2/BiB2/CiCi  and
12.5% out of the gametes produced by the
genotype A1Az /BiB2/CiCa.

B g =G #5(Gut Gt G+ (G Gt GG

A1BIC= g13 = G13+%(GIZ+ G16+ G23)+£(G15+ GZZ + G26)+%G25

Ao g =G5 (Gt Gt Gl (Gt Gt G+ G

ABCe g = Gt 3Gt Gt G 3Gt Gart G5 G

e g =Gyt (ot Gt Gl 4 (Gt Gt G+ G

ABiC= g33 = G33 +%(G23 + G32 + G36)+ i(Gzz + Gzo + G35)+ ést

A2B>Ci= g.,.= G37 +%(G27 + G34 + G}g)+ i(Gzz& + st + Gss)"'ést

AB.Cr= g39 = G39 + %(Gw + Gsa + G38)+ i(GZ(’ * GZS * G35)+ é G25
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For three loci, the gametes frequency is the A2B2Ca. Concerning the situation coming from
following: prt for AiB1C1, pru for AiBiCz, pst  three loci, the equilibrium condition is reached
for AiB2Ci, psu for AiB2Ca, grt for A:BiCi, when the genetic matrix:

qru for AxBi1Cz, ¢gst for A2B2Ci, gsu for

g= g 8 81 & achieves the equality gi1 233 217 230 = 231 213 €37 10
g}l g33 g37 g39

RESULTS AND DISCUSSIONS identified the genotypes characteristic of the
four study swine population (Table 1).

Comparative analysis of the four samples

With the methods described above, there were

Table 1. Genetical structure of the four samples
according to aggregate genotypes of prealbumins, transferins and serum amylases

Breed
Genotypical combination Landrace Great White LP 2000 LS 345
n % n % n %o n %
Pa*Pa®/TAATA/Am*Am* - 0 - 0 - 0 - 0
Pa*Pa®/TAT/Am*Am® - 0 - 0 - 0 - 0
Pa*Pa®/TAT*/AmPAm® - 0 - 0 1 1.5 - 0
Pa*Pa®/TAT/Am*Am* - 0 - 0 - 0 - 0
Pa’Pa®/TAT3/AmAAm® 2 2.6 2 2.6 - 0 1 1.4
Pa*Pa*/TfA T/ AmPAm® - 0 - 0 4 6.1 2 2.8
Pa*Pa®/TETH/Am*Am* - 0 - 0 - 0 - 0
Pa*Pa*/T*T¥/Am* Am® - 0 - 0 - 0 1 1.4
ParPa®/THRTH/AmBAM® 3 39 - 0 8 12.1 5 6.9
Pa*Pa®/TATA/AmA*Am? - 0 - 0 - 0 - 0
Pa*Pa®/TATA/Am*Am® - 0 4 53 1 1.5 - 0
Pa*Pa®/TATf»/AmPAm® - 0 1 1.3 - 0 - 0
Pa”Pa®/TATH/Am*Am* - 0 - 0 - 0 - 0
Pa*Pa®/TAT3/Am*Am® 2 2.6 3 4 4 6.1 0
Pa”Pa®/TATHE/AmPAmM® 3 4 3 3.9 - 0 6 8.3
Pa*Pa®/ T*T{*Am*AmA 3 4 1 1.3 5 7.6 1 1.4
Pa”Pa®/T*T/Am*Am® 1 1.3 5 6.6 9 13.6 2 2.8
Pa’*Pa®/ T T/AmPAmM® 9 11.8 10 13.2 2 3 12 16.7
PaBPaP/ TATHA/Am*Am* - 0 1 1.2 - 0 1 1.4
PaPPaP/TAT/Am*Am® 1 1.4 - 0 2 3 3 4.2
PaPPa®/ TAT/AmPAmM® 2 2.6 2 2.7 4 6.1 - 0
PaPPa®/TAT/Am*AmA - 0 2 2.7 - 0 - 0
PaBPa®/TATH/AmAAm®B 6 79 7 9.2 - 0 3 4.2
PaPPa®/ THAT/AmPAmM® 7 9.2 7 9.2 11 16.7 4 5.5
PaPPa®/THTH/AmAAm* - 0 2 2.6 - 0 1 1.4
PaPPaP/ THETHE/Am *Am® 7 9.2 8 10.5 - 0 7 9.7
PaPPa®/THETH/AmPAmM® 30 39.5 18 23.7 15 22.7 23 31.9

A common point in the four samples studied is The highest frequency for this genotypic
the high proportion of individuals with the  combination category was determined in the
PaBPa®/ TT/AmBPAm® genotypic  Landrace sample, 16.8% higher than that
combination. determined in the LP 2000 sample.
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From the data presented in Table 1 one can
remark that there are differences among the
genetic structures of the four samples, mainly
by the absence of different categories with
varied genotypic combinations in the respective
samples. Thus, from the 27 possible genotypic
combinations among the three loci, the
Landrace breed population counts 13, and the
Great White breed population 16. The sample
belonging to the Synthetic Line P 2000 is
distinguished by the smallest number of
genotypic combination categories, respectively
12. Only 15 categories of genotypic combina-
tions are found in the sample within the
Synthetic Line LS 345.

Also, the frequency of the genotype categories
found in each of the four samples was different
(Table 1).

0 0 0
G={0 0 0

Knowing the frequencies of the genotypes
categories, the population's gamete background
was also determined. The frequencies of the

0 0.026
0 0.026
0 0.014 0.026 0 0.079

One doesn’t find individuals with the genotypic
combinations IPa*Pa®/Tf*Tf*/Am*Am* and
Pa*Pa®/TAATF/Am*Am®  in any of the
samples, as a consequence of the small share
that individuals with type A of transferin had in
each of the studied samples.

Equilibrium state estimation

A. Landrace sample

The genetic structure setting up allowed the
estimation of the equilibrium state for the
Landrace sample.

The frequencies of the twenty-seven categories
of possible genotypic combinations among the
three studied loci were organized in a matrix
with the following structure:

0 0 0 0.039
0.040 0.040 0.013 0.118
0.092 0 0.092 0.395

gamete categories were structured as a matrix,
as it follows:

~10.010 0.020 0.033 0.121
10.030 0.112 0.092 0.582

In the case we studied, it wasn’t found any genetic equilibrium revealed by the relationship:

gI1X g3 XEITXENFE X EZIZXETX g9

respectively:

0.010*0.112%0.033 * 0.582 #0.030 * 0.020 * 0.092 * 0.121
0.0000215 # 0.0000067

B. Great White sample
The matrix structure according to the
frequencies of the 27 aggregate genotypic

0 0 0 0
G=| 0 0.053 0.013 0
0.012 0

combinations which can result from the three
loci is:

0026 0 0 0 0
0.040 0.039 0.013 0.066 0.132
0.027 0.027 0.092 0.092 0.026 0.105 0.237

The values of the gamete categories were placed in the form of a matrix, respectively:

~10.025 0.041 0.034 0.104
10.067 0.103 0.143 0.456
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Having all the necessary data, there were
compared the product values of the gametes
categories frequency among which there must

be equality, under

conditions:

genetic  equilibrium

211X 233 X 217X 239 = 231X Z13X €37 X 19
0.025*0.103 *0.034 * 0.456 # 0.067 * 0.041 * 0.143 * 0.104
0.000039 # 0.000041

Since the conditions of equilibrium are not
satisfied, the Great White breed sample cannot
be considered in genetic equilibrium at the
moment of the study.

The Hardy-Weinberg equilibrium rarely applies
in reality (www.nature.com).

0 0 00150 O
G=[0 0.015 0 0 0061 0
0 0.030 0061 0 O

C. P 2000 Synthetic Line Sample

As regards the state of equilibrium in the three
loci, the genotypic matrix was established on
the basis of genotypic combinations categories
weights in the LP sample:

0.061 0 0 0.121
0.076 0.136 0.030
0.167 0 0 0.227

For the gamete matrix, there was established the following relationship:

_[0011 0057
710026 0.171

In the case we studied, the equilibrium condition:

0.080 0.208
0.080 0.367

11x g33x817x 239 = Z31x Z13x 37 x &19
isn’t fulfilled, respectively:
0.011*0.171 *0.080 * 0.367 # 0.026 * 0.057 * 0.080 * 0.208
0.000055 # 0.000025

This means that the sample analysed did not
have an equilibrium genetic structure. The
Hardy-Weinberg equilibrium describes an
idealized state, and genetic variations in nature
can be measured as changes from this
equilibrium state (www.nature.com).

0 0 0 0 0.014
G=| 0 0 00 O
0.014 0.042 0 0 0.042

The gametic matrix was structured as follows:
~10.004 0.038
10.045 0.080

The frequencies of the gamete categories were
determined according to the frequencies of the
corresponding genotypic combination

D. 345 Synthetic Line Sample

In order to estimate the equilibrium state,
according to the twenty-seven possible
genotypic combinations among prealbumins,
transferins and serum amylases, the genotypic
matrix was drawn up:

0.028 0 0.014 0.069
0.083 0.014 0.028 0.167
0.055 0.014 0.097 0.319

0.024 0.205
0.087 0.517
categories. Knowing that the equilibrium state

is achieved when the gametic matrix achieves
equality:

11x g33x817x 239 = Z31x Z13x 37X &19
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it can be concluded that at the time of the study the sample within LS 345 did not have a genetic
equilibrium structure, since:

0.004 *0.080 *0.024 * 0.517 #0.045 * 0.038 * 0.087 * 0.205
0.000004 # 0.000030

CONCLUSIONS Costache, M., &  Dimischiotu, A. (2004).
Electrophoresis. Methodological principles and

The sample belonging to the Great White breed concepts. Bucharest, RO: Ars Docendi Publishing

House.
contains the most genotypic categories (16), Defta, N. (2001). Influence of transferrins types on the
and in the LP sample the fewest (12). The LS reproductive performances of the Duroc, Landrace
sample showed 15 genotypic categories, and and large white sows. Annual Meeting of the
the Landrace sample 13 categories. The European  Association  for Animal  Production,

. . Budapest, Hungary, 26-29 August.
frequency of the genotype categories found in Drigotoiu, T., Grosu, H., Isfan, N., Popa, R., &

each of the four samples was different. Cranganu, 1. (2005). The use of transferrine locus as

Common to all four studied samples is the high genetic markers prediction of breeding value at the

proportion of individuals with the Duroc breed swine population. Lucrari stiintifice

PaBPaB/ TRTA/AmBAmMB genotypic QSAM V-Bucuresti, .Seria D, XLVIII

combination Juneja, E.L., & Vogeli, P. (1998). The genetics of the
. : . . pig. A CAB INTERNATIONAL, Ed. by Rothschild,

The highest frequency for this genotypic M.F. and Ruvinsky, 105-134.

combination category was determined in the Meriaux, J.C. (1992). Les groupes sanguines des

Landrace breed sample (39.5%). chevaux: application practique en France. Atti del 111

Seminaries Tippizzazioni Sangue Equini, 59.
Miles, C., & Wayne, M. (2008). Quantitative trait locus
(QTL) analysis. Nature Education, 1(1), 208.

None of the four samples contain individuals
with the following genotypic combinations

Ap oA/ TRATA AA A AP, A/TFATA
Pa”Pa™/T{*Tf"/Am®Am"™ and Pa”Pa®™/Tf"Tf"/ Smithies, O., (1955). Zone electrophoresis in starch gel:
AmAAmB, as a consequence of the small share group variations in the serum protein oh normal
that individuals with transferin type A had in human adults. J. Biochemistry, 61, 629.

Rebedea, M. et al. (1991) Structura geneticd a

each of the studied samples. S e AT .
transferinei i amilazei serice la rasele de porcine

No genetic balap ce fpr the. PanAIp aggregate Landrace, Duroc si Marele alb. Analele IBNA
genotype was identified in any investigated Balotesti, XV, 14.

population. One has not identified a genetic Rebedea, M., & Cureu, I. (1992). Development of
equilibrium for the PaTfAm aggregate genetic structures in pig breeds in Romania based on

genetic markers from Tf and Am loci. Symposium on
Genetics and Plant Breeding, ASAS, 17.
WWWw.nature.com

genotype in any of the investigated population
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