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Polymorphism of Prealbumins and Transferrins 
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Summary. Determinations of prealbumin and transferrin phenotypes were made on 171 Large White Polish pigs. 
Yamily investigations proved that the prealbumins are determined by two alleles, Pa A and paB which are inherited 
on the basis of co-domination. The frequency of alleles Pa A, Pa B, and Tf  A, TI B and TfC amounts to 0,6637, 0,3363 
and 0,4941, o,5020 and 0,0039, respectively. No essential differences were noted between the breeding groups of 
animals of various phenotypes such as Pa AA, Pa AB, Pa BB and Tf AA, Tf AB when cons idering such factors as 
average number of piglets, average weights of litters after farrowing and at 21 clays in age, average milking capacity 
of sows and evahmtion of sows on a 100-point scale. 

Invest igations on the determination of polymor- 
phism in particular protein fractions of farnl animals'  
blood, and on the eventual connection of such charac- 
teristics with useable predispositions, are not numer- 
ous in this country. 

Tile authors decided to at tenlpt  the determination 
of polymorphism of the prealbulnin and transferrin 
fractions in pigs of the Polish White Large breed and 
to utilize these features for hog raising. 

Introduction 

The application, by Smithies in 1955, of electro- 
phoresis in starch gel for investigations on human 
serum proteins (inherited proteins) caused a rapid 
development of studies on the genetic protein sub- 
fraction of all species of animals. 

Ashton (1960), while investigating beta-globulins in 
the bloodserum of Large White and Essex Saddleback 
pigs, ascertained various migration rates of proteins 
from the transferrin group and determined three 
phenotypes of transferrins, A, AB and B, determined 
by two codominant alleles Tf A and Tf ~. 

These results were also supported by parallel 
investigations carried out by Krist jansson (t960). 

Fur ther  investigations on polymorphism of pig 
transferrins, carried out by  King (1962), Kristjansson 
(t963) and Imlah (t964), led to the discovery of 
transferrins C and D, which are controlled by the 
alleles Tf (: and Tf D. 

Schr6ffel (1966), when determining tile transferrin 
polymorphism of Czechoslovakian pigs, noted the 
occurrence of all four siderophilous alleles T f  A, Tf ~, 
Tf c and Tf D, with the last one appearing as hetero- 
zygotes TfA/Tf I) and TfB/Tf D. 

Hristi~ el al. (1967) noted three transferrin alleles, 
Tf A, Tf/~ and Tf D, in pigs of Yugoslavian breeds. 

Baker (1968) discovered in Hampshire  pigs a new 
type of transferrin resulting from mutat ion and denot- 
ed it 1,: TfAine s controlled by the allele Tf~mes. Only tile 
alleles Tf A a n d T f  1~ were noted in the parents.  

Willer and Neuffer (1970), investigating the poly- 
morphism of transferrins in German Landschwein 
and Gernlan Edelschwein pigs, noted four alleles, 
Tf",  Tf E, Tf c' and Tf D. Madejska-Lewandowska 
(197t) determined the frequency of occurrence of 
transferrin types in pig breeds raised in Poland. in 
pigs of the Large White, Polish White Zwistoucha, 
Pulawska and Ztotnicka White breeds, there were 
three transferrin alleles, Tf a, Tf t~ and TI c, and in 
Spotted Zlotnicka, four transferrin alleles, Tf A, T ?  ~, 
Tf c and T f ' .  

Kristjansson (1963) found polymorphism of preal- 
bumins, which occur before tile albumins in rate of 
electrophoretic migration. In pigs of the Yorkshire 
and Landrace breeds, there were three phenotypes of 
prealbumins, Pa AA, Pa AB and Pa BB, which on 
the basis of family investigation proved to be deter- 
mined by two alleles, Pa A and Pa ~. 

Kristjansson, having examined tile serum of 358 
pigs, noted Pa AA in 26,8%, Pa AB in 56,5% and 
Pa BB in t6,7~ Smith et al. (t968) quantified the 
polymorphism of prealbumins and transferrins on 
2887 pigs of the Duroc and 2351 pigs of the Hampshire  
breeds. Tile frequency of alleles Pa A and Pa ~ in the 
Duroc breed amounted to 0,S 1 and 0,49, respectively, 
and in the Hampshire  breed, 0,31 and 0,69 respec- 
tively. 

Scopes (1963), examining the protein serum of 
pigs, obtained three prealbumin sub-fractions. 

Jensen et al. (1968) were the first workers to in- 
vestigate tile relationship between polymorphism of 
prealbunlins and transferrins and hog-raising charac- 
teristics. 
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Krae l ing  etal.  (1971) inves t iga ted  the po lymor-  
phism of p rea lbumins  and t ransfer r ins  in Duroc  and 
Yorkshi re  pigs, which were selected for thin and th ick  
backfa t  over  m a n y  generat ions .  The  resul ts  of this 
inves t iga t ion  did not  reveal  any essential  differences 
in backfa t  thickness  of the Duroc  pigs wi th  var ious  
pheno types  of p rea lbumins  and of Yorkshi re  wi th  
var ious  pheno types  of t ransferr ins .  

K u i m i e n k o  and Dziecina  (1972) ind ica ted  tha t  the 
highest  m o r t a l i t y  for var ious  far rowing periods pre- 
va i led  for the embryos  wi th  homozygo t i c  type  Tf AA 
(48%), and the lowest for those wi th  he te rozygo t i c  
type  Tf AB. The  authors  ascer ta ined also t h a t  the 
p rea lbumin  f ract ions  in the serum of the embryo  
differed f rom those of the adult .  

Material  and M e t h o d  

The present investigations used pigs of the Large 
White breed originating from Experinlental Farm Lipki 
of the Agriculture Academy Szczecin. A total of 171 pigs 
were examined, of which 121 were complete families 
(mother, father, progeny). In parents and young dams 
blood was taken from the zygomatic vein, and in young 
sires froln the tails. 

The fractions of prealbumin and transferrin were deter- 
mined by horizontal electrophoresis in starch gel prepared 
at Connaught Laboratory. The analysis was performed 
bv the method of Smithies (1955) using the lnodification 
of Kristjansson (1963) with some modifications by the 
authors. The authors, therefore, consider it necessary to 
present the full analytical inethod. 

Preparation of  Gel 

The buffer for gel preparation comprised o,014 M Trisu 
and 0,004 M citric acid dissolved in 1000 ml of distilled 
water for the pH vahle of buffer solution 7,5. The gel 
was prepared by adding 20o ml of buffer solution to 22 g 
{}f starch. The suspension obtained was brought to boiling 
point, kept there for about 3--4 min. and then de-aired. 
The gel suspension was placed on a plexiglas plate of 
{limensions 20 x 30 X 0,6 cm. 

The gel was cooled under room temperature for 100 to 
120 min. before applying the samples of serum. For the 
electrode chambers a buffer solution was used comprising 
0,3 M of boric acid and 0,1 M NaOHdissolved in 1000 ml 
of distilled water to give pH 8,7. 

Process  of  Elec trophores i s  

After cooling, the gel was split at 5{} toni froin the t)late 
edge and then carefully separated; the strips of What- 
man 3 MM filter paper of dimensions I • 0,6 cm, soaked 
with the examined serum, were inserted into the gaps. 
]'he cut opening was carefully set together. Both ends 
of the gel were joined by filter paper Whatman I with 
the buffer solution in trays. The surface of the gel was 
covered with foil. A 165 V 40 mA current was applied 
{luring the first phase and was switched off after 30 rain. 
and the strips of filter paper removed fronl the gel. 
A current of 350 V 80 mA was applied for about 2,5 hrs. 
\ \ :hen the borate line migrated a distance of 11,2 cm from 
the starting line, electrophoresis was terminated. A faster 
or longer time of electrolysis influenced the weaker or 
stronger separation of prealbumins. The gel was hori- 
zontally sliced into two parts and the lower part was 
subjected to staining. 

Staining of gel. The gel was stained for 30 minutes in 
Alnido Black t0B solution c{}mposed {}f methanol, di- 
stilled water and glacial acetic acid in the ratio 5:5:1. 
The get was de-stained for 20 hours in a similar sohltion, 
but without Amido Black. The preparations obtained 
after de-staining possessed distinctly marked sub-frac- 
tions of prealbumins and beta-globul{ns of serum. 

The relationships between the breeding features of the 
sows and the t)henotypes of prealbumin were investigated 
on 31 specimens, and of transferrin phenotypes, on 26 
sows. The following breeding parameters of the sows 
were taken into consideration: 

t. average number of progenies of one litter raised u 1} 
to 21 clays; 

2. average weight of litters after farrow; 
3. average weight of litters at the age {}f 2'1 clays; 
4. average inilking capacity of sows. 

The breeding features were calculated on the first 
three litters. Additionally, the sows were qualitatively 
evaluated on a 100-point scale. 

Resul ts  and D i s c u s s i o n  

The inves t iga t ions  p e r m i t t e d  the de t e rmina t ion  of 
t )o lymorphism of p rea lbumins  and t ransferr ins  in the 
serum of the Polish Large Whi te  Breed.  The  poly-  
morph i sm of p rea lbumins  appeared  under  3 forms of 
phenotype ,  de te rmined  by 2 fract ions (fig. 1, 2) which 
possess di f ferent  migra t ion  ra tes  in an electr ic  field 

Table 1. ])istribution of prealbumin pkenolypes in progenies in relation to the pkenotypes of parents 

Number of progenies with given phenotypc 
l}henotypcs Ntul-J l}Cl- 
of mated of AA AB 
parent pairs progenies 

observed expected observed 

AA x AA 18 18 18 
AA X BB 16 16 
AA • AB 2{) 11 12,ol 9 
AB Z AB 2{) 10 9,8{) 8 
AB • BB 9 7 
AB • AA 21 15 15,42 6 
B]3 • BB 2 
BB • AB 3 1 

BB x AA 12 12 

Global 1 121 54 55,23 39 

BB Z'-' 

expected observed expected 

16 
6,97 {},67 
8,4{} 2 1,8{} 0,04 
3,96 2 t,Ol 1,85 
5,14 {},o7 

2 2 
(},83 2 2,{)8 1,74 

12 

53,3{} 8 6 89 o,73 
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Fig. 1. S ta rch  gel s t a ined  wi th  Amido  Black  l l ) B  showing  
p r e a l b u m i n s  and  t r ans fe r r in s  a f te r  e lec t rophores i s  

The fractions migrating at the highest rate were 
denoted as A and those nfigrating at the lowest rate 
as B. The investigations of fanfily (tab. t) show that  
these fractions are deternfined by 2 co-dominant 
alleles, Pa  a and Pa ~, which give three phenotypes 
P a A A ,  P a A B  and P a B B  (7, 2-- 0,67 ; Z 2 0,04; 
Z 2 = 1,85 ; Z 2 =-- 0,07; Z 2 :-- 1,74). 

Of the examined population of 172 pigs (tab. 2), 
the phenotype of prealbumin Pa AA was noted in 
73 individuals, the phenotype Pa AB in 81 individu- 
als, and the phenotype Pa BB in 17 individuals. 

The transferrins of the phenotypes Tf AA, Tf AB, 
Tf BB and Tf BC occurred in 37, 95, 38 and I indi- 
viduals, respectively. The observed and expected 
distribution of prealbumin phenotypes and trans- 
ferrins shows that  the population is in genetical ba- 
lance (tab. 3). 

The frequency of prealbumin genes is q,t = 0,6637, 
qB = 0,3363, while the frequency of transferrin alleles 
is qA --- 0,494t, q~ ~ 0,5020, qe = 0,0039. For fre- 
quency of transferrin alleles our results are nearly the 
same as the results obtained by  Madejska-Lewan- 
dowska (1971) in the same breed of pig (tab. 4). 

The frequency of prealbumin alleles in Large White 
pigs differs from that  in other breeds (tab. 5). 

Table 2. Types of prealbumin and lransferrin in pigs of 
Large White breed 

P h e n o t y p e s  of p r ea lbu ln in  

N u m b e r  AA AB BB 
of 
an ima l s  N u m b e r  Nun lbe r  N u m b e r  

of % of % of % 
an ima l s  a n i m a l s  a n i m a l s  

42,7o 81 47,37 17 9,93 171 73 

Phenotypes of transferrin 

N u m -  AA AB 
ber  of 

BB BC 

ani-  Num-  % N u m -  % Num-  % Num-  % 
reals  ber of ber of ber of be t  of 

ani-  ani-  ani-  ani-  
mals  reals  reals  lnals  

171 37 21,63 95 55,55 38 22 ,22  I 0 ,58 
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Fig. 2. S ta rch  gel s ta ined  wi th  Amido Black  10 B showing  
p r e a l b u m i n s  and  t r ans fe r r ins  a f te r  e lec t rophores is  

Table 6 presents the breeding features of sows 
possessing tile phenotypes of prealbumins Pa AA, 
Pa BB and of transferrin phenotypes Tf AA, Tf AB. 
The analysis of variance did not demonstrate  any 
essential differences between the average number  of 
progenies raised up to 21 days of life, average weights 
of litters after farrowing, average weights of litters at 
21 days, average milking capaci ty of sows, qualita- 
t ive evaluation of sows and phenotypes of prealbu- 
nfins Pa AA, Pa AB, Pa BB and of transferrins Tf AA 
and Tf AB. 

However, it must be emphasized that  the investiga- 
tions were made on a relatively small population and 
require further and wider investigations before final 
conclusions can be drawn. 

C o n c l u s i o n  

The investigations proved tha t :  

I. The method applied in our investigation may  be 
used for sinmltaneous determination of prealbumin 
and transferrin fractions in the blood serum of pigs. 

2. The prealbumins of Polish Large White pigs are 
determined by two alleles Pa A and Pa B which are 
inherited on the basis of co-domination. 

Table 3. Observed and expected distribution of prealbumin 
and lransferrin phenotypes in examined pigs of 

Large White Breed 

N u m b e r  P h e n o t y p e s  of p r e a l b m n i n  
of D i s t r i bu t i on  - Z 2 
a n i mal s A A A B B B 

171 observed 73 81 17 
expected 75,32 76,33 19,34 0,64 

P h e n o t y p e s  of t r ans fe r r in  

A A A B B B BC 

observed 37 95 38 1 
expected 41,79 84,81 43,09 0,65 2,25 

f requency  of genes 

p r e a l b u m i n  pa  A = o,6637 
l ' a  B = o,3363 

t r ans fe r r in  Tf A = O,4941 
Tf B = 0,5020 
TfC = o,(~039 
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Author  

Tab le  4. The frequency of transferrin alleles in serum of various breed pigs 

Breed Quanti ty  Frequency of transferrin genes 

pes TIA TIB TfC TID 

t~rael ing et  al. (197t) Duroc  
Yorksh i r e  766 

S m i t h  et  al. (1968) Duroc  2877 
H a m p s h i r e  2351 

I m l a h  (i 964) Large  \.Vhite 161 
l , a n d r a c e  95 

--  0,996 0,004 
0,45 0,55 --  

0,23 0,77 --  
0, 20 0, 80 --  

0, 36 0,64 --- 
- -  o , 9 8  o , o 2  

0,03 0,94 0,02 
0,11 0,87 0,01 

0,3o 0,70 -- 
- -  1 , 0 0  - -  
o,11 o,88 -- 

o,4668 o, 5308 o,0o24 
0,1823 1), 7941 (),0235 
(I,2732 I),72oo 4Lo058 
o,o718 (),91 Ol O,O179 
o,264o o,6858 o, o2o4 

171 o,4941 o, 5o20 0,0039 

\ \ ' i l l e r  and  Neuffer  0970)  G e r m a n  I , andschwein  873 
G e r m a n  Ede l schwein  157 

Hris t i~  et  al. (1967) R e s a v k a  60 
Manga l i ca  73 
Pfaj  Ier t 05 

M a d e j s k a - L e w a n d o w s k a  I ,arge wh i t e  211 
( 1971 ) 1Mlish whi t e  zwis loucha  85 

P u l a w s k a  86 
Z to tn icka  whi t e  167 
Z lo tn icka  spo t t l ed  269 

Au tho r s  i nves t iga t ion  Pol i sh  large wh i t e  

o,ol 
O,Ol 

O,Ol 

o,o287 

Tab le  5. The Jrequency of prealbumin alleles in serum of 
various breed pigs 

Frequency of 
Author Breed Quant i ty  prealbunfin genes 

pcs 
Paa  Pa B 

S ln i th  et  al. ] )uroc  2877 o,51 0,49 

0968)  Ha;; ; i ;s i ; i re  2351  o,31 0,69 

Krae l ing  e t  al. Duroc  0,49 0,51 
766 

(t 971 ) Yorksh i re  {),98 0,02 

A u t h o r s  Large  
inves t iga t ion  \Vhi te  17t 0,6637 0,3363 

3. The frequency of prealbumin and transferrin 
alleles in pigs of the White Large breed are, respec- 
tively: for prealbumins --  qA = 0,6637, qu = 0,3363; 
for t ransferr ins  --  qA - -  0,494t, qn --: 0,5020, 
qc' = 0,0039. 

4. The result  s ob ta ined  did not  show any essent ial  
differences be tween average  number  of progenies,  
average weights of litters after farrowing, average 
weights of litters at age 2t days, average milking 
capacity of sows, average evaluation by points of the 
sows of various phenotypes  of prealbumins Pa AA, 
Pa AB and Pa BB and phenotypes of transferrins 
Tf AA and Tf AB. 

Table  6. 

Protein phenotype 1 l I  

P a  AA 12 9,34 
Pa  A B  11 8,88 
P a  B B  8 9,40 
Ana lys i s  of va r i ance  
of va lue  F a 

TI  AA 9 9,30 
Tf  A B  17 8,88 
Ana lys i s  of v a r i a n c e  
of va lue  F 

a = 1'(o,ol), b -- P(o,oS) 

Average value (x) o f features in sows in relation lo prealbumin phenolypes Pa and transferrins ( l"f ) 

0,445 < b 

l l I  l V V V1 

14,37 57,87 176,39 
t4 ,o8 53,61 159,96 
13,21 54,20 170,33 

a ~ 0 , 8 7 8  ~ b  a ~ 0 , 8 3 3 7  ~ b  I ~ 1 , 5 0 6 ~ b  

14,19 56,07 171,61 
13,68 54,46 167,25 

a ~ 0,6296 ~ b  a ~ 0 , 4 2 5  ~ b  a ~ 4 , 1 8  ~ b  a ~ 0,80 ~ b  

76,75 
74,90 
74,14 

a ~ 2,52 <~ b 

76,00 
76,0o 

a > 0,000 < b 

1 Quant i ty  of sows ipcs~ 
]I  Average number  of progenies of one li t ter raised upto 21 days [pcs] 

1II Average weight of lit ters after farrowing ~kg] 
l \ :  Average weight of l i t ters at  age 21 days [kg] 
V Average milking capacity of sows [kg] 

\:1 l ';valuation of sows by lO0-points scale. 

x Average values are considered from first three litters and lactation. 
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