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Analysis was made of inheritance of coat colour in 203 hybrids of
the European bison and domestic cattle of different breeds, obtained
in the Mammals Research Institute, Polish Academy of Sciences at
Biatowieza, and the State Farm at tekno. There were distinguished
three basic coat colours: brown, black and red and two characters;
self colour and white-spotting. The coat colour of hybrids depends
on the coat colour of the parental forms, and on the homo- or
heterozygotic state of these forms in respect of pairs of alleles respon-
sible for the occurrence of coat colour pattern. It is assumed that
the same dominating factor is responsible, in both European bison
and in cattle, for the occurrence of the self colour. This factor may
be allelomorphlc with the gene responsible for occurrence of recess-
ive white-spotting. Among the 89 hybrids obtained from the line of
European bison X'black and white lowland cattle, 88% were black, and
12% dark- or blackish brown. The possible causes of such colours
occurring are discussed. The coat colour dilution in hybrids with
Charolaise cattle blood may be connected with the presence of at
least one dominant factor of the Charolaise breed (DD). The authors
were not able to carry out test crossbreeding, but limited themselves
to defining hypothetic genotypes for the parental forms and hybrids
in respect of loci s, a, e, and d.

‘[Mammals Research Institute PASc., 17-230 Biatowieza (MK), and
State Farm, Jeziory Wielkie, 63-020 Zaniemys$l (ES)]

I. INTRODUCTION

Fo attempts at analysis of inheritance of coat colour by hybrids
Euiopean bison and domestic cattle have been found in the literature
available, and what there is relating to hybrids of the American bison,
is scanty (Deakin et al, 1935 1941). A fundamental difficulty was
encountered in the lack of data on genotypes of coat colour in both the
European and American bisons. In respect of the American bison's colour
Se;rle (1968) writes in his monograph only that »the wild type seems
to be non agouti brown«. More attention has been given to domestic
catle in this respect. Genetic bases of colour inheritance in domestic
cafcle were supplied by the papers by Staffe (1925), Ibsen (1933), Bogart
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& Ibsen (1937). The theories put forward by these authors have been
tested by cross-breeding differently coloured breeds of cattle, which
has shown that the basic colours in cattle are inherited in accordance
with the proposed genotypes, but has not provided an explanation for
the formation of different shades of coat colour in hybrids (Wiethe-
Koprich. 1952; Kleisch-Horst, 1960). Lauvergne (1966) has attempted
to interpret the problem of coat colour in cattle in accordance with the
genetic situation in other mammals but, as Searle (1968) emphasize!,
far more breeding experiments are required before either confirmaticn
or refutation of these authors' ideas can be found.

The purpose of the present study was to document coat colour
phenotypes in hybrids of the European bison and domestic cattle cur-
rently obtained in Poland, and to attempt to investigate their inheritance.
We anticipated that the results obtained would be of doubtful assistance
in explaining at least part of the present points in inheritance of coat
colour in domestic cattle.

Il. MATERIAL AND METHODS

The material consisted of hybrids of the European bison (and domestic catt'.e
of both sexes obtained in the Mammals Research Institute of the Polish . Academy
of Sciences at Biatowieza, and the state Farm Jeziory CWielkie at tekno (Table 1).
Liiatowieza generation F! hybrids were obtained by crossing European bison of
both sexes with the red Polish breed (rp) and black-white lowland breed (bwl)
of domestic cattle. Backcross generations were obtained by mating hybrid cows
of different generations with bwl breed bulls (Krasinska, 1967, 1971, 1979). Male
hybrids of all generations were sterile. The bwl cows covered at Biatowieza ,'were
of unknown parentage, unlike the rp cattle used there, iAt tekno Fi hybrids
were obtained by cross-breeding European bison with cows of the black and
white lowland, red Polish, red Polish-Simmentaler and black and white lowland
XCharolaise (bwlXch) (Matecka & Suminski, 1976). The cattle were of either
known (sometimes only on the paternal side) or unknown origin.\ By hybrids
(34 European bison 1/4 cattle) were obtained at tekno by crossing European
bison with F; cows after mother bwl or bwiXzh mothers (Table 1).

Despite the relatively large number of studies on the subject of coat colour
in cattle, no data were encountered on coat colour genotypes of the Polish
breeds we used for crossing with European bison. On the principle of analogy,
ive assumed in our discussions certain general premises based on data for other
European breeds of cattle. It is considered that self colour in cattle is connected
with the presence of the dominant S gene, which may be allelomorphic with
recessive white-spotting s or sP, s, s, (Staffe, 1925; Ibsen, 1933; Shrode & Lush,
1947; Danneel, 1965; Johanson et al., 1966; Searle, 1968).

In relation to the black colour of European breeds of cattle Lauvergne (1966)
suggests that it may be connected with the coaction of genes a® and E*, as opposed
to the red colour, where the recessive allele e" operates. The light (yellowish-
white) coat colour in the Charolaise breed of cattle may be, according to
Lauvergne's working hypothesis (1966), connected with the action of the dominant
gene in locus D, with co-action of the additional recessive factor ¢ Proof of
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the existence of this dominant factor may be the dilution of coat colour in
hybrids of this breed with other red and black coloured breeds, as described by
Berge (1965). On the other hand genes of loci A and C may participate in such
cases (Searle, 1968). It was assumed, that the brown colour of the European hison
is connected with a dominant modifier, which affects on! recessive extension of
phaeomelanin to darken the coat and make it look brown. On the basis of the
study by Lauvergne (1966), the following, hypothetical genotypes of coat colour
of the parental forms and of European; bisonXcattle hybrids in loci a, s, e, d and
specific for wisent dominant modifier M have been suggested:

Table 1
Study material consisting of hybrids of European bison and domestic cattle.

Hybrids obtained (n)
Type of mating

Generation Biatowieza tekno Total
dw X 9%bwl FT 5 83 88
dowl X 9-w Fl 1 — 1
dw X $rpt FT 2 5 7
cfrp X 9w Fx 3 - 3
cow X $(bwl X ch) 24 - 18 18
Total Fj 11 106 117
dw X $Fx B, - 27 27
dowl X $Fj B, 28 - 28
dowl X $B, B, 24 - 24
dbwl X $B, B 7 - 7
All matings F,-Bs 70 133 203
Abbreviations: w — European bison or wisent, bwl — black and white lowland
cattle, rp — red Polish cattle, ch — Charolaise cattle, F, — hybrids 1/2 wisent

1/2 cattle, BJ — hybrids 1/4 wisent 3/4 cattle or 3/4 wisent 1/4 cattle, B, —
hybrids 1/8 wisent 7/8 cattle, B; — hybrids 1/16 wisent 15/16 cattle, * one cow red
Polish X simmentaler.

European bison — a'as SS e'M e'M dd — brown

bwl breed of cattle — asa* ss EE dd (the heterozygotic forms of this breed may
have differences in respect of loci s e- Ss, E ") — black and white (spotted)

rp breed of cattle — a« as SS €e*" dd — red

Charolaise — a™as SS e”"e? DD — yellowish-white

hybrid cattle of bwlXch breeds — a%a’S s E " D d — whitish-grey

Since material which was to some extent unique was available, endeavour
was made fully to document the matings arranged and the patterns of coat
colour in the hybrids obtained from them. The occurrence of basic coats such
as brown (without analyzing shade), black or red was traced in different combi-
nations of hybrids and different generations, reviewing separately the occurrence
of the characteristic of self colour and white spotting and minlor white-spotting.
The final question to which attention was given was dilution of coat colour in
hybridrs obtained form bwl X ch cattle.

The material discussed was grouped in three lines to which hybrids from the
following initial groups were allocated:

Line I — d European bisonX $ cattle of black/white lowland and Charolaise
breed

Line Il — d 9 European bison X £ (? red Polish breed
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Line Il — ¢TI $ European bison X $ cT black/white lowland breed

In order to determine the possible combinations of coat colour in hybrids ase
was made of the genetic chequeredboard (Punnett's square), taking the hypothet.cal
premises given above from coat colour genetics of cattle as a basis.

I11. RESULTS

1. Inheritance of Self Colour

Two of the initial forms used in the experiment fully represented
self colour — European bison and rp breed cattle. Only one cow of this
breed, obtained from L”kno, had white spots. BwiXch cows were self
coloured and bwl breed of cattle spotted.

If it is assumed that self colour is a dominant characteristic in bcth
domestic cattle and the European bison, in generation Fj self colour
hybrids only should be obtained (both the homo- and heterozygotic forms
in respect of this characteristic). All the Fi hybrids obtained were self-
coloured (117 individuals), two of them having a larger amount of
white spots (after bwl). The majority of F; hybrids obtained from bwl
breed cattle had smaller or larger white spots (minor white-spottir.g)
situated on the end of the tail, hocks, fore head and in one case on
the belly (Table 2).

In hybrids of backcross generations towards bwl cattle, with increas-
ing participation of cattle blood of this breed the number of spotted
individuals increase, in accordance with the rules of heredity (Table 2).

2. Inheritance of Dilution of Coat Colour Originating from the
Charolaise Breed of Cattle

Hybrid cows of bwIXch origin (heterozygotic forms in respect of the
dominant dilution factor) had light-coloured coats (whitish-grey). If
such lightening of coat colour is a dominant character, then it should
appear in 50°/0 of the Fj hybrids obtained by crossing these cows with
cattle (Line 1). In accordance with our premises, we obtained 9 Fi
hybrids with dark coats (brown, dark brown and black) and 9 light
coloured individuals (Table 3, Appendix | Fig. 1). In backcross hybrids
towards European bison, obtained from F; dark-coloured cows, this
phenotype should not appear at all, and this was in fact the case. It
might, however, have occurred in 50% of cases in progeny of light-
coloured Fy cows. In this last combination four light-coloured individuals
were obtained (Table 3, Appendix | Fig. 1).



Table 2

Inheritance of self colour in European bison

| b and domestic cattle hybrids in line

Type of mating Hybrids Phenotype, genotype
Fnenotype,
Genotype Generation n Self Self mws'  Spotted
LinfE |
cTio X $ $  (bwlXch) Fq 18 10 (SS) 8 (Ss) . -
self self mws' y s ©®
SS Ss
cfto X 99 F, Bl 13 11 (SS) 2 (Ss) .
self self mws 3/4 wisent RY;
SS Ss 1/4 cattle
Line 11
cr X 9cIrmp Fi 10 9 (SS) 1 (Ss) -
self self?
SS S
ttw X 9 ?2F, BI 2 2 (SS) - -
self self 3/4 wisent
SS S 1/4 cattle
tthwl X 99 Ft BI 14 9 (Ss) 5 (Ss) -
spotted  self 14 wisent
SS SS 3/4 cattle
tlhwl X 99 By B, 4 - 2 (Ss) 2 (ss)
spotted  self mws 1/8 wisent
SS Ss 7/8 cattle
c?bwl X 9 B, B; . 1 - - 1 (ss)
spotted  self “mws 1/16 wisent
SS SS 15/16 cattle
thwl X 9 B, By . 1 - . 1 (ss)
spotted  spotted 1/16 wisent
ss SS 15/16 cattle
Line 111,
cf X $ cT biui Fl 89 1 (Ss) 88 (Ss)° -
self spotted :
SS SS
ttw X 9 9 FI BI 12 6 (SS) 6 (Ss) -
self self mws 3/4 wisent
SS Ss 14 cattle
clhwl X 99 g BI 14 — 4 (Ss) 10 (ss)
Ss Ss 1/4 wisent
spotted  self mios 3/4 cattle
c?bwl X 99 B, B, | - 2 (Ss) 4 (ss)
spotted  self mws 1/8 wisent
SS Ss 718 cattle
c?bwl X 99 BJ B, - _ 14 (ss)
spotted  spotted 1/8 wisent
ss ss 7/8 cattle ot
towl X 99 B, . B, 5 - — 5, 5(s)
spotted  spotte 1/16 wisent
SS * SS 15/16 cattle
Total < 203 48 118 37

For explanations of symbols see table 1 ' Self mws means self with minor white
spotting, * One individual with minor white spotting; ® Two individuals with
large white spots.
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3. Inheritance of Basic Coat Colours of the Parental Forms

It was difficult to trace inheritance of coat colour in the material at
our disposal, as it came from several differently coloured cattle breeds,
often of unknown origin. Changes in the cattle breeds were introdu:ed
in successive matings. The cross-breeding carried out was for breed.ng
purposes and not to throw light on inheritance of coat colour. The num-
ber of backcross generation hybrids obtained in the direction of each
parent form at our disposal was not sufficient. It was only at tekno
that 14 backcross hybrids in the European bison direction were obtained
(in Lines Il and 1Il), while Biatowieza backcross hybrids were obtained
by mating three bvol bulls (no. 1 and 2 son and father and no. 3) with
hybrid cows of different generations in lines Il and III.

Table 3

Inheritance of dilution characteristics of coat colour from the Charolaise breed
of cattle, in line | European bison d X cattle 9 (bwl X Charolaise).

Type of mating Hybrids Phenotype
Phenotype
Genotype Generation n brownish black greyish-white
Line |
du> x $$  (bwlXch) Ft 18 o1 9
brown greyish-white
dd Dd dd Dd
tw X 9? F; B, 6 o* 4
brown greish-white 3/4 wisent
dd 1/4 cattle dd Dd
10X $% F B, 7 ™
brown brownish black 3/4 wisent
dd dd 1/4 cattle dd

For explanations see Table 1. ! Three individuals similar in colour to European
bison; = All individuals similar in colour to European bison.

A total of 10 Fj hybrids with coats in various shades of brown from
red-brown (2 individuals) to brown similar to European bison (3 indi-
viduals) to brownish-black (5 individuals) were obtained from mating
European bison with rp breed cattle (Line II) — (Table 4, Appendix |
Figs 2, 3). Five hybrids from this line had red coats at birth, differing
from European bison calves, which are born brown with a slight tawny
shade. The remainder were brown or chestnut brown at birth, but all
coats became darker during the second year of life. Three further coat
colours were recorded in generation Bj— black, red and brown, but
with a decided predominance of black animals (Appendix | Figs 2, 3).
In generation B, there were only red or black individuals, and in gene-
ration Bz black only (Table 4, Appendix | Figs 2, 3).



Table 4
Inheritance of basis coat colours dn line 11 and Il hybrids.
Type of mating Hybrids Phenotype, genotype
rnenotype,
Genotype Generation n Brown? Black* Red*
Line 11
c??io X 9 drp Fx 10 10 -
brown ed | .
asa*erMerM aaserer a*a’ererM
dw X 2 99 FT Bi 2 28
brown brown 3/4 wisent asa*erMerM
avaserMe»"M asa’e'e'M 1/4 cattle
ddowl X 2 9 9 FT B, 9 1 1* 1
no. 1, 2 black brown 1/4 wisent a*a«e'e'M asasEer asaserer
asaske’ aaeeM 3/4 cattle (EerM)
dowl X 9 F BJ 5 1 1 3
no. 1 black redish brown 1/4 wisent asa’e'«'M asasEer a’a%e'e’
arar»Eer asa’e'e’™ 3/4 cattle
ddbwl X 2 9 9 BI B, 4 — 1 3
no. 1, 2 black red o 1/8 wisent
ara«Eer aa*ee 7/8 cattle asasEer arare’er
defowl X 2 99 B, B, 2 - 2
no. 2é 3 black red* 1/16 wisent asaskEer
a“a’Ee’ a‘a’erer 15/16 cattle
Line Il
29w X 9.d bwl Fl 89 11 78
brown black a‘acere»"M  asasEerM
a*aserMe'™ a'asEE (Eer) (Ee"M)
dw X 499 Ft B, 5* 1
brown black 3/4 wisent asa*e'MerM  a’a’Ee'M
a'a'erMerM a‘a’e'e'™M 1/4 cattle
dw X 599 F Bi 6 [0S -
brown brown 3/4 wisent a‘asererM
asa»e'Me M a‘a’eerM 1/4 cattle (erMerM)
ddbwl X g9 F, Bi - 2
no. 1, 2, brown 1/4 wisent asasEerM
black a’ae'e'M 3/4 cattle
a%a’Ee"
ddbwl X 2 99 FX B, 12 4 8
no. 1—3 black black 1/4 wisent asaserer asasEE
asasEer, EE a’a’Ee'M 3/4 cattle Eer
ddbwl X 5 99 BI B, 15 14 1
black black 1/8 wisent a*asEE(Eer) asa«e'e’
no. 2, 3 a’a*EE (Eer?) 7/8 cattle
a’a’Ee’, EE
ddbwl X 2 9 9 _Bi B, 5 - 3 2
no. 1—3 blak brown’ 1/8 ‘wisent asasEer arare’e’
asasEer, EE  a*a*e'erM 7/8 cattle
dowl X 2 99 B, Bs 3 - 3
no. 3 black black 1/16 wisent asasEE
asa«EE a’asEE 15/16 cattle
dowl X ¢ B B, 2 2
no. 3 black red 1/16 wisent asa'Eer
a'a'EE a*a’e'’e’ 15/16 cattle
Explanations: ' Various shades from tawny-brown to black-brown; * Including

black-white spotted; * Including red-white spotted; * Three individuals of this
group with red coat at birth; ° Colour simjlar to European bison; * Four indivi-
duals similar in colour to European bison; * Including one spotted calf. All indivi-
duals of bwl breed of cattle —spotted. Abbreviations see Table 1.
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When crossing European bison with bwl breed cattle (Line 111) $9
Fi hybrids were obtained, of which 78 were black, a lighter shade )f
the woolly hair occurring in part of the animals. Eleven hybrids )f
this line had dark-brown coats. Of these, four hybrids had red or red-
dish-chestnut coats at birth. Of the two cows which produced more thai
one calf from mating with European bison, one produced two black
calves, and the second a black and dark brown calf. When F, cows )f
this line were mated with European bison, as anticipated the number of
calves with brown coats similar to that of the European bison increased
(9 out of the 12 obtained — Table 4, Appendix I, Figs 4, 5),

In backcross generations towards domestic cattle in this line tlie
number of black animals increased as anticipated. In generation Bi
(1/4 European bison, 3/4 domestic cattle) the number of black individuals
in comparison with brown was 10 : 4, while there were no brown animals
in generation B, but the number of black individuals rose to 17. Three
animals with red coats appeared in this generation. As anticipated
generation Bz was entirely black (Table 4, Appendix | Figs 4, 5).

IV. DISCUSSION

Hybrids of European bison and domestic cattle obtained in different
experiments were characterized by variety of coat colour. The most
important factor affecting this was the coat colour of the parental
forms, different in the case of different cattle breeds crossed with
European bison. There is unfortunately a lack of exact information i>
earlier studies on both the coat colour of domestic cattle crossed with
the European bison and of hybrids. Two of the oldest Fyx hybrids describ-
ed, obtained from mating European bison with domestic cattle of the
szwyc breed, by L. Walicki (Karcov, 1903) differed as to coat colour.
The bull was similar in colour to bison (Miiller, 1852; Karcov, 1-903),
while the cow's coat was described as dark chestnut, with a white line
along the back from the shoulder blade to tail, and a white belly. No
description is given of the colour of 1/4 European bison 3/4 domestic
cattle hybrids obtained by Walicki, who limited himself to standing that
they were similar in colour to cattle (Karcov, 1903).

Other Fi hybrids obtained at the end of the 19th and beginning of
the 20th century in Askania Nova, by crossing European bison with
the grey Steppe breed of cattle, were light red at birth, darkening as
they grew older and reaching a colour intermediate between that of
European bison and cattle (lwanow & Philiptschenko, 1916). Askanian
triple hybrids, however, female cattle-bisonX European bison, and thus
with a predominance of Bison genus blood, were brown-coloured like
European bison or slightly darker. The hybrids 3/4 European bison 1/4
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domestic cattle from this breeding centre were similar in colour to
European bison, except that one animal was lighter and a second darker,
than European bison (lwanow & Philiptschenko, 1916). Fi hybrids obtain-
ed at Askania Nova during the thirties from mating American bison
males with grey steppe cows and simmentaler hybrids were light brown
at birth, became darker later with a light-coloured surround to the
muzzle (Zuravok, 1935).

Further hybrids obtained in the Ptock Zoo from crossing European
bison with a domestic cow (watussi Xbwl) had brown colour and minor
white spotting (Taworski & WoliAski, 1960), and were thus similar to
some of the hybrids from our line Il1I.

When analyzing the colour of hybrids related to the European bison,
American bison and domestic cattle (Deakin et al., 1935), the heredity
formulae proposed for domestic cattle by Ibsen (1935) were taken as
'a basis. This analysis was very difficult on account of the enormous
variety of coat colour in hybrids originating from different breeds of
domestic cattle crossed with American bison. The picture was even
further complicated by the occurrence of the brindled pattern in the
majority of hybrids. The method accepted, however, enabled the authors
to interpret the formation of different coat colours in hybrids, and
even the brindled pattern. Deakin et al. (1935, 1941) realized that their
premises were hypothetical and that other factors, responsible for
modification of coat colour in hybrids, might operate in American bison
from those in domestic cattle. The analysis made by these authors
justifies the conclusion that the American bison possesses self colouring
caused by a similar dominant factor to that in domestic cattle (S).
Hybrids originating from Hereford cattle always had white heads, which
is connected with the presence of the dominant factor responsible for
forming this characteristic in cattle (SH) (Deakin et al., 1935).

A faetor equally as important as the coat colour of initial forms, and
affecting the formation of the colour phenotype in hybrids, is the state
of homo- or heterozygosity of the parent forms in respect of pairs of
alleles responsible for the occurrence of their given pattfern of coat
‘colour. The lack of information on the origin of a large part of the
cattle crossed with European bison made it impossible to accept assump-
tions as to the homozygotic character of factors ersponsible for the breed
colour characteristics of all the mated individuals. There was certainty
only in respect of all European bison. The appearance of the red coat
in generation B, of line Il hybrids may point to the heterozygotic
character in relation to the gene in locus extension in the two bwl
bulls no. 1 and 2 (father and son), and matings in a different line with
the same males confirms this assumption.
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The analysis we made justifies the conclusion that both in domestic
cattle and in European bison a similar dominant factor (S) is responsible
for the occurrence of the self colour characteristic. This factor may be
allelomorphic with the gene responsible for the occurrence of recessive
white spotting, although we consider that the factor responsible for
white spotting is not fully recessive, since all self colour Fx hybrids
from bwl cattle had minor white spotting on the forehead, hocks aid
tail, and two individuals even had a large amount of white patches, [n
domestic cattle also, according to several authors, this factor is not fully
recessive (Wiethe-Korprich, 1952; Danneel, 1965; Johanson et al., 1966;
Searle, 1968).

In Fyx hybrids from bwl cattle the black colour deriving from cattle
is a dominant characteristic in relation to the brown bison colour, since
8#%y jof the hybrids in this line had black coats. The occurrence of
brownish-black colour in 12% of hybrids may be connected with hetero-
zygosity of part of the bivl breed of cattle used for crossbreeding, :n
respect of the gene in locus extension (Ee"), and then hybrids could have
genotype e'e'M. Another explanation of the occurrence of such colour
in some F, hybrids leads to the conclusion that in hybrids in certain
cases the genes may exert a suppressing effect of the bison's dominant
modifier on gen in locus extension. It can be expressed for unknown
reasons in such a small group of hybrids.

The question of coat colour in Fj hybrids from mating European bison
with cattle of the rp breed is different. In this case we can observe
different shades of brown, from reddish-brown through brown similar
to European bison up to brownish-black. This fact would appear to be
the result of co-action in the hybrids' organism of genes responsible
for the brown coat colour of European bison and red domestic cattle,
of which at least part may occupy identical loci (ce'M). The brown
fcolour of all Fi hybrids in this line, as well as the colour analysis of
the backcross generations toward the bison confirms our assumptions
about a possibility of existence in the European bison the dominant
modifier affecting on recessive extension of phaeomelanin to darken
the coat and make it look brown. In hybrids of backckross generations
towards domestic cattle the black colour is a character dominant in
relation to red, with a state of homozygosity in respect of the character-
istics responsible for the black colour in one of the parental forms. The
fact that dilution of colour was found in hybrids with Charolaise cattle
blood may form proof that in this breed the light colour may be the
result of action of inter alia the dominant factor. Thus our observations
may provide support for hypotheses on this subject (Lauvergne, 1966;
Searle, 1968).
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As we were unable to carry out test crosshreedings it was impossible
to determine the genotypes of coat colour in parental forms and also
in hybrids. Use was made of hypothetical assumptions, based on data
on cattle genetics, which enabled us to account for the basic coat colours
obtained in hybrids. This justifies the conclusion that Lauvergne's
premises (1966) for European breeds of cattle are probable correct. We
assume that our results will contribute to progress in studies in this
field on domestic cattle.
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APPENDIX 1

Data about colour phenotypes of hybrids between the European bison and
domestic cattle. Different patterns of mating was employed.

Colour genotypes:

wisertt asa’SS e'M e'M dd

bwl

n
ch

a*a’ss EE dd
asa’SS eerdd
a’a’sS  ere'DD

bwiXch asss Ss Eer Dd

Explanations and abbreviations:

w — European bison or wisent

bwl — Black and white lowland cattle
rp — Red Polish cattle

ch

— Charolaise cattle

Fx — hybrids 1/2 wisent 1/2 cattle

— » 3/4 wisent 1/4 cattle or 1/4 wisent 3/4 cattle
_ » 1/8 wisent 7/8 cattle
— 1/16 wisent 15/16 cattle

Colour at the birth was shown only when difference was observed.
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X
cf Bt cf B1
ddSs ddss
cfyv
ddss DdSs
9Fi [cfw
ddSs X ddss
$Bi 9B1
ddss ddss
black
black
and white
brown
di

dark brown

. white

Colour phenotypes in hybrids 13

fw x W
ddss Il
\ CfF,
l ddss
ddss
gF!
ddSs
w
cfw
ddss
ddSs
w
ddss
red

red and white

red - brown

brown of wisent

greyish whitish

9 ¢ fw w g¢ s:
DdSs ddss . ] DdSs
) 9F1
By ddss
9°¢ HIH Cfw "IV X 9 ¢ i
DdSs L) ddss l DdSs .-
CfF,
& sess |
i ofw 9¢ 8%
DdSs e0 ddss DdSs
Cfw CfF,
ddss ddss
9Bi 4
ddss

colour at the-birth darker than in adult

colour at the birth lighter than in adult

o

minor white-spotting on the legs,
¢j forehead and end of the tail

Fig. 1. Colour phenotypes in line I hiybrids (dV wisent X $9 bwl X ch). Dominant
dilution factor D; Self factor S, cattle (bwlXch)=C.
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Fig. 1. concluded.
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9B,

Ee ss :l-lr

Fig. 2. Colour phenotypes in! line Had"
Extension factor E; Dominant modifier bison factor M; Self factor S.
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Colour phenotypes in hybrids

cfw w 9 ~
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eeMSS
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eVMSS 1
cfw w sTp
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Fig. 3. Colour phenotypes in line lib o toXC
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cfw w 9 1p cf w v 9 rp
eWMss | e'e'Ss eWMSS 1 A e'e'Ss
CFFi CF, cfw
e'e"MSS e'e'MSS e'Me"MSS
9 Bi
cfw x 2™ A~ e'Me'Ms;
e'Me'MSS i )
9F, cfw w cfw w 9P
e'e"MSs e'Me"MSS e'Me'MSS I e'e’ss
d 2cfcfb
9 B, Fl iy ’
e'Me'MSS e'e'MSS i Ee'ss
d-B, |Bg 9 Bi
Ee"MSs
cf bwl2
Ee'ss |
9B2 cf bwl 1
e'e'Ss 1 Ee'ss *1
1 I 1
03
1
55
rp.

Extension factor E; Dominant modifier bison factor Ai; Self factor S.
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Colour phenotypes in hybrids

cfw w G bwl cfw w 9 bwl
e'Me'Mss EEss | eMemss || EEss
? Fl cfw w Ccfw w
Ee'MSs e'Me'MsS Ee'MSs|fl * eMemss ||
cBi * 9B, :B,
Ee'MSs 1 e'e’MS.s e'e"MSs
cfw G bwl cfw G bwl
e'Me'MSS EEss e'Me'MSS E'e"(EE)ss
Cfw w oPj cfw
Ee"MSs X e'Me"MSS II e'e"MSs e'Me'MSS
C Bi 9 Bi d*Bi 9
eWMSS eWMSS e'e"MSS eWMSS
78
cfw w 9 bwl cfw v 9 bwl  Bj
ewmss | Ee'(EE)ss e'Me'Mss Ee"(EE)ss||
Fl cfW Fl
e'e'MSs eWMSS e'e'MSs
CfBi w
ewmss ||

Fig. 5. Colour phenotypes in line Illb cf u>X9 bwl.
Extension factor E; Dominant modifier bison factor M; Self factor S.
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Fig. 5. Concluded.

Matgorzata KRASINSKA i Edward SUMINSKI

FENOTYPY UMASZCZENIA HYBRYDOW ZUBRA | BYDLA DOMOWEGO

Streszczenie

W pracy przeprowadzono analize dziedziczenia umaszczenia hybrydéw zubra
z bydiem domowym uzyskanych w Zaktadzie Badania Ssakow PAN w Biato-
wiezy oraz Panstwowym Gospodarstwie Rolnym w kteknie (Tabela 1). Okreslono
hipotetyczne genotypy umaszczenia form ‘odziciclskich w opa'ciu o dane dla
europejskich ras bydta w zakresie loci a, s, e, cl, wykonujac jednocze$nie petng
dokumentacje stosowanych kojarzeA oraz uzyskanych w ich wyniku fenotypow
umaszczenia oraz proponowanych genotypéw u hybrydéw (Tabela 2—4, Appendix
1). Zatozono, ze ubarwienie zubra zwigzane jest z obecnos$cig dominujgcego czyn-
nika modyfikujgcego, dziatajagcego na recesywne uintensywnienie feomelaniny co
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daje w efekcie zciemnienie okrywy zubra do brazu. Przedledzono w r6znych
kombinacjach i pokoleniach hybrydéw wystepowanie podstawowych masci jak
brunatna, czarna, czerwona (Tabela 4). Oddzielnie rozpatrzono ceche jednomasn-
stosci i biatej taciatosci (Tabela 2). Analizowano rdéwniez ceche rozcienczeria
(dilution) umaszczenia u hybrydéw posiadajagcych krew bydta rasy charola.se
(Tabela 3). R .

Umaszczenie hybrydéw byto uzaleznione od koloru okrywy wlosowej par io-
dzicielskich. Przy krzyzowaniu zubréw z bydtem réznych ras otrzymywano hy-
brydy F, odmiennie umaszczone. RoOwnie waznym czynnikiem na nie wplywa-
jacym byt stan homo- czy heterozygotycznosci form kojarzonych pod wzgledem
par alleli odpowiedzialnych za wystgpienie typowegé dla rasy czy gatunku wzor-
ca umaszczenia. Umaszczenie czesci hybrydéw pozwala sadzi¢, ze dwa byki rasy
ncbh (ojciec i syn) mogty by¢ heterozygotami pod wzgledem genu w locus extensiDn
(Ee".

Uzyskane wyniki pozwalajg przypuszcza¢, ze u zubra jak i bydta taki sam czyn-
nik dominujacy jest odpowiedzialny za wystgpienie cechy jednomascistosci. Czyn-
nik ten moze by¢ allelomorficzny z genem odpowiedzialnym za wystgpienie le-
cesywnej biatej,taciatosci. Obecnos¢ odmastek u wszystkich jednolicie umaszczo-
nych hybrydéw F; pochodzacych po bydle nch pozwala sadzi¢, ze czynnik bia;ej
taciatosci nie jest w petni recesywny (Tabela 2).

W linii zubrXnch 88% otrzymanych hybrydéw byto umaszczone czarno, pozo-
state ciemnobrunatne lub czarno-brunatne. Wystapienie brazowego odcienia umasz-
czenia u czesci tych hybrydéw moze by¢ zwigzane z heterozygotycznoscig pewnych
krow nch krzyzowanych z zubrem pod wzgledem genu w locus extension (Ee’)
co powodowatoby, ze te hybrydy posiadajg genotyp e€©M. Innym wyttumaczeniem
takiego ubarwienia moze by¢ wystgpienie u grupy hybrydéw tlumigcego dziata-
nia dominujgcego czynnika pochodzgcego od zubra na gen w locus extension.

U hybrydéw Fy z linii zubrXcp wystepuje ubarwienie w rdznych odcieniach
koloru brunatnego bedace wynikiem wspétdziatania genéw form rodzicielskich.
z ktérych przynajmniej czes¢ moze zajmowac identyczne loci (e*'¢). Analiza ubar-
wienia w tej grupie hybrydéow potwierdza nasze zatozenia o obechosci u zubra
czynnika dominujgcego, odpowiedzialnego za brunatne ubarwienie; potwierdza to
rébwniez przebieg dziedziczenia fenotypéw masci u hybrydéw wstecznych w Kie-
runku zubra.

U hybrydéw wstecznych mas¢ czarna jest dominujgca w stosunku do czer-
wonej (przy homozygotycznosci cech koloru czarnego u formy wyjsciowej) —
Tabela 4. Stwierdzenie dilution umaszczenia u czeSci hybrydéw Fj zubr Xbydto
(ncbXcharolaise) moze by¢ dowodem, ze cecha ta jest zwigzana z obecnoscig przy-
najmniej jednego czynnika dominujacego u rasy charolaise (DD) — Tabela 3.

Autorzy nie majgc mozliwosci wykonania krzyzowan testowych mogli okresli¢
tylko hipotetyczne genotypy umaszczenia zaréwno form wyjsciowych jak i hy-
brydéw. Jednak opierajgc sie na danych z literatury na temat genetyki umaszcze-
nia bydta mozna byto wyttumaczy¢ powstawanie podstawowych masci u mie-
szancow, ale nie wystapienia réznorodnych odcieni.



