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I ntroduction

In  many countries the in terest in horses for racing and sporting is very great. 
Considerable am ounts of money are involved in breeding and keeping horses and 
also in betting on horses. As a consequence of this fact there is a great demand 
for effective and objective means, by which the use of illegal methods in horse 
breeding and in horse racing can be prevented.

A common problem  in this context is the need for a safe control of the identity 
of individual horses in different situations. In the registration of valuable horses 
it is also im portant th a t there are possibilities to check the assigned parentage 
and to  solve cases of questionable paternity.

A special problem  exists in Sweden where two different horse breeds, the 
Swedish T ro tter and the North-Swedish Horse, are used in the tro tting  races. 
On the race-course the form er breed, which mainly derives its origin from  the 
American Trotter, is superior to the la tte r one which is a native Swedish breed. 
So there are separate races for the two breeds. For a long time it was suspected 
that sm art breeders illegally crossed the breeds to obtain horses, which could 
generally not be distinguished from  purebred North-Swedish Horses by appear
ance. The crossbred horses were then used in races intended for purebred North- 
Swedish Horses usually w ith great success. Previously there was no effective and 
reliable m ethod to control the illegal crossbreeding. This particu lar problem  was 
one of the m ain reasons for the Swedish Trotting Association (S. T. A.) and the 
Swedish Agricultural Research Council to support research work on horse blood 
typing in Sweden.

* Department of Animal Breeding, Agricultural College, 750 07 Uppsala 7, Sweden.
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The present report is a brief survey of the current status of horse blood 
typing w ith special reference to applications to  problem s of parentage and 
identity.

T e r m i n o l o g y

In m ost laboratories working on horse blood typing, the test is composed of 
two different main parts. One which is based on the determ ination of the antigens 
or antigenic factors on the red blood cells and one which is based on the deter
mination of different genetic variants of some proteins, m ost of which are 
enzymes, in the blood. In  this report the term  blood groups is used in the 
traditional way to designate the red cell antigens only. The blood type of an 
individual is used to mean the entire set of known red  cell factors and blood 
protein variants carried by him. Blood typing  is the process by which these 
characters are determined. Blood group factors which are controlled by allelic 
genes are said to belong to one blood group system . The molecular variants of 
a blood protein, which are controlled by the alleles at one locus, constitute a 
blood protein system.

B lo o d  g r o u p s

Contemporary immunogenetic studies have shown tha t there are a t least 30 
blood group antigens on the red cells of horses ( P o d l i a c h o u k , 1957; S t o r m o n t  

et a l, 1964; S c h m i d , 1964; H e s s e l h o l t , 1966; S a n d b e r g , 1970). Some of the antigenic 
factors have been discovered lately and have not yet any coverage in published 
writings.

Most of the anti-sera (reagents) used to determ ine the horse blood group 
factors have been produced by the im m unization m ethod generally applied in 
anim al blood group research. The iso- and heteroim m unizations, the fractionation 
of antisera by absorptions and the tests are usually carried out as described by 
S t o r m o n t  et al. (1964). However the techniques can be modified in several ways 
( H e l s s e l h o l t , 1966; S a n d e r g , 1973/)). Naturally occurring antibodies may also be 
used for the preparation of horse reagents ( P o d l i a c h o u k , 1957). However such 
antibodies are usually weakly reactive and occur only rarely.

In  relation to the numerous papers published on horse blood groups, there are 
bu t a few thorough ones on their inheritance. The m ost comprehensive studies 
on the genetics of horse blood groups are carried  out by S t o r m o n t  and S u z u k i  

(1964). Using a family m aterial comprising 103 stallions w ith a total num ber 
of 639 offspring and their mares, they were able to assign the 16 blood factors 
studied to eight blood group systems designated A, C, D, K, P, Q, T and U. The 
four systems C, K, T  and V appeared to be simple one-factor, two-allele systems 
while each of the systems A, D, P and Q involved two or m ore factors and seemed 
to be controlled by series of multiple alleles. Below, each of the established eight 
blood group systems is briefly described.

The A system .—S t o r m o n t  and S u z u k i  (1964) dem onstrated that the factors A,, 
A2, A' and H  belong to the A system. A, and A' are related as non-linear subgroups 
through At, implying tha t red cells reacting w ith the A, reagent are also reactive
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with either or both  of the Ai and A' reagents. The system seems to be controlled 
by the alleles akt, a", aH, a"H and a (not detectable by any known reagent). The 
factor F described by P odliachouk (1957) apparently also belongs to the A system.

The D system .—When established by Stormont and S uzuki (1964) the D system 
com prised the factors D and /  and the three alleles d", dJ and d. Immunogenetic 
studies by S andberg (1970, 1973b) revealed that three additional factors desig
nated  E2, E ' and Y, not known before, as well as the factor E, (previously desig
nated E) also belong to  the D system. A m inimum of 10 alleles, including two 
extremely rare  ones, seem to be active in the system. Disregarding a few rare 
exceptions (S andberg, 1973b) the D system is closed through the factors E2 and E', 
which means tha t they appear as a pair of contrasting characters and tha t no red 
cells giving negative reactions w ith both of the reagents E2 and E', have been 
observed. The D system  is the m ost complex blood group system known in the 
horse a t present.

The P system .—The factors Ph P2 and P' constituting the P system are related 
like At, A2 and A' in the A system (S tormont and Suzuki, 1964). The alleles pFt, pp' 
and p  seem to control the system. Another factor Px (previously designated S13) 
is close related to PI} apparently  as a subgroup, and consequently also belongs to 
the P system (S andberg, unpublished).

The Q system .—As described by S tormont and S uzuki (1964) this system com
prises the factors Q, R  and S and the alleles qQ, qR, qs, q0R, qos and q. Additional 
factors prelim inarily designated S l l  and S12 also belong to the Q system according 
to family studies carried  out by the present author (S andberg, unpublished). As 
pointed out by S tormont et al. (1964) reagents in the Q system often give very 
weak or invisible reactions, which have to be confirmed by special absorption 
tests or by applying the anti-globulin test. This fact complicates the use of the 
Q-system in extensive routine blood typing.

The system s C, K, T  and U.—Each of these systems are a t present simple one- 
factor, two-allele, two-phenotype systems (P odliachouk, 1957; Stormont and Su
zuki, 1964; H esselholt, 1966). However subtype factors have been observed within 
the U system (S andberg, 1970).

B lood protein variants

The m ethod generally used for the determ ination of the blood protein variants 
is starch  gel electrophoresis (S m ithies, 1955). By that m ethod different protein 
molecules are separated  in a starch gel mainly according to net charge, size and 
shape. After the separation the protein zones are visualized by staining the gel 
w ith common protein stains or w ith specific enzyme stains. Several different 
techniques have been described as regards buffer compositions, running proce
dures and staining m ethods (see B uschmann and Schmid, 1968; Shaw and Pra
sad, 1970). A m ethod for simultaneous electrophoresis of four enzyme systems 
in horse red cell lysate has recently been described by B engtsson and Sand
berg (1973). In  routine blood typing of horses as compared to other domestic 
anim al species the blood protein variants seem to be m ore useful than the blood 
groups. This is due to the fact tha t many of the most easily studied blood protein
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systems exhibit a rich genetic variation in the horse. Because of lim itation of 
space the blood protein variants will not be discussed in detail. Data regarding 
the 13 blood protein systems described in the horse are compiled in Table 1.

TABLE 1

Data on 13 blood protein  systems described in  t h e  h o r s e

Protein/enzyme

Transferrin ..........................................
Albumin ...............................................
Esterase ...............................................
Prealbumin..........................................
Prealbumin..........................................
Postalbumin .......................................
Hemoglobin.........................................
Carbonic anhydrase...........................
6-phosphogluconate dehydrogenase ...
Phosphoglucomutase .........................
Phosphohexose isomerase .................
Acid phosphatase ...............................
Catalase ...............................................

Locus Source
No. of 
alleles References

Tf serum 10 4, 7, 12 27.
A1 serum 3 8, 21. 33.
Es serum 7 12, 28.
Pr serum 8 6, 12.

Xk serum 3 6.
Pa serum 2 32.

Hb red cells 2 5, 8, 26,
CA red cells 5 19, 20, 32.

PGD red cells 3 3, 24.
PGM red cells 3 1. 29.
PHI red cells 3 22.

AP red cells 2 2, 17.
Cat red cells 2 14.

B lood typing applied to identification problems

As pointed out by several authors genetic systems to be used in solving cases 
of questionable parentage and other identification problem s of forensic nature, 
have to fulfill certain requirements. The characters involved should be fully 
developed a t b irth  or shortly thereafter and m ust not change during the rest 
of the life. Their mode of inheritance should be completely known and simple, 
implying that they m ust be dominant or codominant. The determ ination of the 
characters m ust be done by objective and reliable test methods.

The blood groups and protein variants surveyed in the present report meet 
these requirem ents provided that the tests are perform ed and in terpreted by 
persons who are well trained and are fam iliar w ith the methods. Of course they 
also have to be aware of apparent exceptions and possible pitfalls involved in the 
blood typing test, in order to be able to draw safe conclusions from  the test 
results.

An example of such an exception is the occurrence of a rare, recessive (silent) 
allele designated Es° in the Es system (G ahne, 1966). The Es° allele gives no visible 
product on the stained gel. An individual of the genotype E s'/E s‘ can for instance 
generally not be distinguished from an individual of the genotype Es'/Es°  in the 
test. Since the offspring of an E s'/Es' parent invariably have an 7 zone on 
the stained gel, while the offspring of an E s'/E s0 parent may lack the 7 zone, the 
risk of making a false exclusion on the basis of the Es system is obvious, if 
the existence of the Es° allele is not realized. The possibility that a recessive allele 
exceptionally may occur in any of the blood protein  systems should be kept 
in mind.
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T he actual horse blood typing  test in  Uppsala

At the D epartm ent of Animal Breeding of the Agricultural College in  Uppsala, 
research work on horse blood typing was started  in 1965. In  1970 the Swedish 
Trotting Association, having realized which im portant applications the blood 
typing m ethod has in  the race horse industry, decided tha t all tro tte rs  shall 
be subjected to parentage control by blood typing before registration. During 
the years 1970-1973 a total num ber of 16,000 horses were tested.

TABLE 2

Frequencies of 16 blood group factors in  two S w ed ish  h o r s e  breeds

Blood
factor

Swedish 
Trotter 
n = 1000

North- 
Swedish 

Horse 
n =■ 500

A, 0.918 0.854
A' 0.383 0.210
C 0.918 0.832
D 0.083 0.148
E, 0.095 0.364
e 2 0.685 0.532
E' 0.795 0.892
H 0.013 0.116
J 0.260 0.714
K 0.493 0.186
Px 0.609 0.576
P’ 0.040 0.138
Q, 0.045 0.070
Y 0.177 0.064

S 11 0.050 0.562
S12 0.334 0.298

The serological tests comprise 16 blood group reagents, each one detecting 
a particular antigenic factor. The 16 factors (Table 2) belong to the six blood 
group systems A, C, D, K, P and Q. The phenotypic frequencies of the factors 
in two Swedish horse breeds are given in Table 2. The frequencies of alleles in 
five of the blood group systems were estim ated in the same two breeds (Table 3). 
For the simple one-factor, two-allele systems C and K  the square root method 
was used in obtaining the estim ates. For the P system, which is analogous to 
the ABO system of man, the frequencies were computed according to Bernstein’s 
equations, originally designed for the latter system. The frequencies of the multiple 
alleles of the two complex systems A and D were obtained by applying the alloca
tion m ethod developed by N eimann-Sorensen (1956). Estim at of the gene frequen
cies at the Q locus cannot yet be presented.

Nine blood protein  systems are included in the electrophoretic tests (Table 4). 
In  some of the systems alternative nomenclatures exist. I t  should be pointed 
out th a t the designations used in the albumin system are those introduced by 
B raend and E fremov (1965) except for the A1‘ allele, described by Sandberg (1972).
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The esterases are designated according to Gahne (1966). However the additional 
allele Esx was subsequently observed in the North-Swedish Horse breed (S and
berg unpublished; Scott, 1970). For the hemoglobins (Hb) and the acid phospha
tases (AP) the nomenclatures suggested by B raend (1967) respectively B engtsson

TABLE 3

F requencies of alleles at five blood group loci in  two S w ed ish  h o r s e  breeds

Loci/alleles Swedish
Trotter

North-
Swedish
Horse

A n = 1000 n = 500

aA, 0.686 0.579
aA' 0.208 0.103
aH 0.004 0.051

aA,H 0.003 0.008
a 0.099 0.259

D n = 1000 n = 500

dE2 0.379 0.129
dE’ 0.309 0.210
d1E' 0.117 0.369
dYE' 0.087 0.026
dE, 0.048 0.185
dDE’ 0.042 0.075
d,e2 0.014 —

d"2 0.004 0.006

P n = 1000 n = 500

PPX 0.375 0.348
PF' 0.021 0.071
p 0.604 0.581

C n = 1000 n = 500

Cc 0.714 0.590
c 0.286 0.410

K n = 1000 n = 500

kK 0.288 0.098
k 0.712 0.902

and Sandberg (1973) are used. Frequencies of the alleles of each system were 
estim ated in the two Swedish breeds by simple gene counting (Table 4). The 
recessive allele Es° in the esterase system, which was encountered in both breeds 
studied, although very rarely, was disregarded in the calculations of this report.
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F requencies of alleles at nine

TABLE 4

BLOOD PROTEIN loci IN two Sw ed ish  h o r s e  breeds

Loci/alleles Swedish
Trotter

North-
Swedish

Horse

Tf n = 1000 n = 500

T f 0.238 0.116
T f 0.595 0.229
T f 0.015 0.062Tfo 0.084 0.045
T f 0.068 0.548

Al n = 2867 n = 500

AlF 0.489 0.346
AV 0.049 0.000
Als 0.462 0.654
Es n = 1000 n = 500

EsF 0.244 0.214
Es' 0.654 0.743
Ess 0.102 0.000
Esx 0.000 0.043
Hb n = 264 n = 590

Hbm+ 0.930 0.678
Hbm- 0.070 0.322

CA n = 1000 n = 500

CAF 0.064 0.165
CA' 0.936 0.828
CAS 0.000 0.007

PGD n = 264 n = 457

PGDD 0.002 0.092
PGDF 0.794 0.907
PGDS 0.204 0.001
PGM n = 791 n = 210

PGMF 0.129 0.283
PGMs 0.871 0.717
PHI n = 1104 n = 121

PHIF 0.065 0.037
PHI' 0.934 0.955
PHIS 0.001 0.008
AP n = 1000 n = 500

APF 0.099 0.006
APS 0.901 0.994
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In  all the blood group systems and in those of the blood protein systems, 
where n equals 1000 respectively 500 in the two breeds, the frequency data are 
based on the horse m aterial described in a recent paper on the blood group 
system D (S andberg, 1973b). As regards the rest of the protein systems the fre
quencies have previously been reported elsewhere (S andberg and B engtsson, 1972; 
B engtsson and Sandberg, 1972; Sandberg, 1972; Sandberg, 1973a).

In m ost of the protein systems as well as the blood group systems the gene 
frequencies of the Swedish Trotter breed and the North-Swedish Horse breed 
differ considerably. Such differences might be expected since the two breeds are 
quite dissim ilar by origin. These differences make the blood typing test very 
effective in revealing illegal crossing of the breeds, which is one of the purposes 
of the compulsory parentage control, dem anded by the STA. The fact th a t some 
alleles (A l1, Ess, Esx, PGDS and/lP ') occur in one breed bu t are absent or nearly 
absent in the other breed is of particular in terest in this context.

E stimates of efficacy

As pointed out by Stormont and S uzuki (1965) and others, the efficacy of a 
genetic system in solving parentage problem s depends on the num ber of alleles 
in the system, their frequencies and whether the genotypes are directly inferable 
from  the phenotypes. Consequently the blood protein systems, involving m ultiple 
codominant alleles are generally more effective than the red  cell systems. However 
in closed blood group systems like the D system of the horse, the genotype can 
often be determ ined directly from the phenotype and therefore such systems 
are usually very effective. As described above the actual horse blood typing test 
in Sweden comprises 15 genetical systems. The efficacy of each of the systems in 
solving parentage problems and in identifying individual horses is estim ated 
as PP respectively P, (Table 5). PP is the average probability tha t a falsely assigned 
stallion is excluded in a parentage control test on the basis of the system in 
question. PP is also equal to the probability tha t a case of questionable paternity 
involving two stallions is solved by the aid of the system. P, is the probability 
that two unrelated individuals, have identical phenotypes in a system. Estim ates 
of PP and P, are given in Table 5 for each of two breeds in Sweden.

In the blood group systems C and K  the estim ation of PP was carried out as 
described by R endel (1958) for simple one-factor systems. As already stated the 
P system is analogous to the ABO system of man. Thus the form ula developed 
by W iener  et al. (1930) for evaluating the la tte r system was used in computing VP 
for the P system. Standard formulas for estim ating the chance of making exclu
sions within more complex systems like A, D and Q are not available. Therefore 
the efficacy of these systems were prelim inarily evaluated in the following way. 
In the A system the alleles a'1, aA'H and ay  were lum ped together and the system 
was then treated  like the P system. In the Q system  the factor S12 alone was 
considered and the PF value was thus derived from  the form ula used for the 
C and K  systems. This means that the A and Q systems are somewhat under
estimated. As regards the D system the estim ate of PP was obtained from  200 
simulated paternity  cases. From each breed 200 foals w ith tested parents were 
chosen at random. For each foal an alternative sire was chosen, also at random ,
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among all the approved stallions of the respective breed in the country. The 
.timber of cases in which the alternative stallion was excluded on the basis o> 

genetic incom patibility in  the D system was 93 (46.5 %) respectively 104 (52.0 %1 
in the Swedish T ro tter breed and in the North-Swedish Horse breed.

For each blood protein system P? was calculated according to the form ula 
developed by Gahne (1961). The calculations were based upon the gene frequencies 
in Table 4.

The P, values were for all systems obtained as described by F isher (1951).
The combined effects of the blood group systems,, of the blood protein systems 

and of all systems together as regards PP were calculated according to W iener  
et al. (1930). The corresponding combined effects in respect to P, were obtained by 
multiplying the P, values of the individual systems.

From the data in Table 5 it appears that the blood group system D and the Tf 
system are the two m ost effective systems in solving problem s of questionable

TABLE 5

E stimates of t h e  efficacy of six  blood group systems and nine blood protein
SYSTEMS IN TWO SWEDISH HORSE BREEDS. FOR EXPLANATION, SEE TEXT

Systems North-

Blood
groups

Swedish trotter Swedi<>h horse

Pp P, Pp p,

A 0.093 0.464 0.115 0.458
C 0.005 0.849 0.017 0.720
D 0.465 0.112 0.520 0.167
K 0.074 0.500 0.065 0.697
P 0.084 0.487 0.136 0.399
Q 0.082 0.522 0.080 0.270

Blood groups
combined 0.624 0.006 0.690 0.004

Blood
proteins

Tf 0.331 0.233 0.393 0.183
Al 0.245 0.313 0.175 0.406
Es 0.257 0.309 0.190 0.417
Hb 0.061 0.762 0.171 0.416
CA 0.056 0.782 0.122 0.549
PGD 0.137 0.505 0.077 0.705
PGM 0.100 0.628 0.162 0.442
PHI 0.058 0.775 0.041 0.832
AP 0.081 0.689 0.006 0.976

Blood
proteins
combined 0.776 0.002 0.782 0.002

All systems
combined 0.916 12xl0-6 0.932 8 x l0 -6
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parentage and in identifying individual horses w ithin the two Swedish breeds. 
In fact by using those two systems alone, the expected percentage of exclusions 
is 64.2 respectively 70.9 in the Swedish T ro tter breed and in the North-Swedish 
Horse breed. I t  is also clear that systems w ith a poor genetic variation like PHI 
and AP are of little importance to the total efficiency of the test and it should 
be pointed out tha t it is not finally decided w hether those systems perm anently 
will be included in the routine test. However in o ther breeds w ith other gene 
frequencies they may be more efficient.

It may also be concluded from the data in Table 5 th a t more than 90 % of 
falsely assigned stallions will be excluded by the blood typing test and the same 
percentage of paternity cases involving two stallions will be solved w ithin the 
two Swedish breeds, provided that all animals concerned are  available for blood 
typing. The probability that two unrelated horses have identical blood types is of 
the order of 1 in 100 000 for the two breeds, when all the 15 systems are considered. 
It is obvious tha t the blood type is a very specific characteristic and consequently 
an efficient mean to identify a horse. As all tro tte rs  in Sweden are blood typed 
before registration, it is possible to check the identity of any of them  later in its 
lifetime.

Among the first 6000 foals subjected to parentage control in the routine tests 
in Uppsala, 49 cases with falsely assigned stallions were observed. In Table 6 is 
indicated how many times each of twelve systems was involved in an exclusion. 
The systems PGM, PHI and AP are not included as only some of the animals 
in question were tested for these systems. It should be pointed out tha t the data 
in Table 6 cannot be directly compared to expectations based on the data in 
Table 5. Four of the 49 exclusions were obviously due to  exchange of foals as the 
assigned m ares in those cases were also excluded as m others. In another four 
cases the m ares were not available for blood typing bu t still the assigned sires 
could be excluded. At least four of the cases w ithin the North-Swedish Horse 
breed probably involved crossbreeding. Anyhow the data in  Table 6 confirm  that 
the blood group system D and the Tf system are by far the m ost effective in 
detecting false paternities in the two breeds.

TABLE 6

Genetic incompatibility  in  49 cases of parentage control i n  t w o  S w ed ish  h o r s e  breeds

Incidence of incompatibility in each system

Blood group systems Blood protein systems
No. of ----------------------------------

Breed cases A C D K P Q Tf Al Es Hb CA PGD

Swedish Trotter ............ 24 5 1 14 2 1 3 15 4 2 1 2 1
North-Swedish Horse ... 25 3 0 13 4 8 0 15 6 1 6 0 3

Total .................. 49 8 1 27 6 9 3 30 10 3 7 2 4
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RESUME

Pendant ces dernieres annees l’importance de la determ ination du groupe 
sanguin comme m ethode pour resoudre les differents problemes d’identification 
des chevaux s’est accrue.

Dans notre d issertation nous donnons un bref aperqu des huit systemes de 
groupes sanguins et des treize systemes de proteine du sang chez le cheval.

Des travaux intenses en vue de la determ ination des groupes sanguins des 
chevaux sont en cours au Departement pour T Amelioration des Races Animales 
de 1’Ecole Superieure d ’Agronomie d’Uppsala. Les frequences des genes dans deux 
races de chevaux suedois sont donnees pour cinq systemes de groupes sanguins 
(Table 3) et pour neuf systemes de proteine du sang (Table 4).

L'efficacite de chacun de ces systemes pour la solution des problemes de 
parente douteuse et pour l’identification de chevaux individuels est donnee en PP 
et P, respectivem ent (Table 5). PP est la probability pour qu’un etalon faussement 
indique puisse etre exclu lors d’un controle de parente base sur le systeme en 
question. PP est aussi egale a la probability pour qu’une paternite douteuse qui 
comprend deux etalons puisse etre resolue a l'aide de ce systeme. Pi est la pro
bability pour que deux specimens d’une meme race, non apparentes, aient des 
phenotypes identiques dans un systeme. 11 apparait que le systeme des groupes 
sanguins D et le systeme des transferrines (Tf) sont les plus efficaces. Lorsque 
tous les systemes sont combines, on peut exclure 90 % des etalons faussement 
indiques dans les deux races en question par un test du groupe sanguin lors 
d’un controle de parente. La probability pour que deux individus aient des pheno
types identiques dans tous les systemes est de l’ordre d’un centmillieme (1/100 000) 
pour chacune des deux races de chevaux suedois.

RESUMEN

Durante estos ultim os anos se ha incrementado la im portancia de la determ i
nation  del grupo sanguineo como metodo para resolver diversos problem as rela
tives a la identificacion de los caballos.

En nuestro trabajo  damos una breve resena de los ocho sistemas de grupos 
sanguineos y de los 13 sistem as de proteinas de la sangre en el caballo.

En el Departam ento de Mejora de Razas Animales de la Escuela Superior 
de Agricultura de Uppsala se han emprendido intensos trabajos con el objeto 
de determ inar los grupos sanguineos de los caballos. Las frecuencias de genes 
en dos razas de caballos suecos se dan para cinco sistemas de grupos sanguineos 
(Tabla 3) y para  nueve sistem as de proteinas de la sangre (Tabla 4).

La eficacia de cada uno de estos sistemas para la solution de problemas de 
paternidad dudosa, asi como para la identificacion de caballos individuales, esta 
dada en PP y Pi, respectivam ente (Tabla 5). PP es la probabilidad para  que un 
sem ental falsam ente indicado pueda ser excluido por un control de parentesco 
fundado en el mencionado sistema. PP es tambien igual a la probabilidad para que 
una paternidad dudosa, que abarque dos sementales, pueda ser resuelta m ediante 
este sistema. Pi es la probabilidad para que dos individuos de una raza, no empa- 
rentados, tengan fenotipos identicos en un sistema. El sistem a de los grupos 
sanguineos D y el sistem a de las transferrinas (Tf) son los mas eficaces. Cuando
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se combinan todos los sistemas, se puede excluir el 90 % de los sementales falsa- 
m ente indicados en las dos razas en cuestion m ediante un test del grupo sangulneo 
al bacerse un control de parentesco. La probabilidad para  que dos individuos 
tengan fenotipos identicos en todos los sistem as es del orden de un cienmilesimo 
(1/100 000) para cada una de las dos razas de caballos suecos.
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