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Nesse, L. L., G. Paulsen, M. Syed and G. Ruff: A human major histocompatibility 
complex (MHC) DNA probe recognizes goat genes. Acta vet. scand. 1988, 29, 
193-198. - A human major histocompatibility complex (MHC) class II (DR-f3) 
probe was hybridized with restriction enzyme digest of genomic DNA from 14 
goats. Nine of the animals belonged to one family. Digestion of the DNA with the 
restriction enzyme Eco RI gave 7 fragments in 13 animals and 6 fragments in the 
last animal. No other polymorphism could be detected. Barn HI digestion gave 
from 3 to 6 fragments which displayed a considerable polymorphism. In the family 
studied, polymorphic fragments were inherited together with serologically defined 
lymphocyte antigen specificities believed to be coded for by MHC class I genes. 
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Introduction 
In order to mount an immune response, the 
cells of the immune system communicate 
via certain special molecules on their surface 
membranes. An important group of such 
molecules is comprised by the so-called 
"major histocompatibility antigens". They 
are divided into class I and II according to 
certain differences in structure and function. 
The genes coding for these antigens are clu
stered together in an area called the major 
histocompatibility complex (MHC). There is 
a large number of alternative MHC genes of 
both class I and II. Due to this polymor
phism, the combination of MHC antigens 
varies from individual to individual. 
MHC is especially interesting because seve
ral diseases, both in humans and animals, 
have been shown to have a statistically sign-

ificant association with certain MHC anti
gens. This means that the risk of developing 
certain diseases is higher in individuals with 
certain MHC antigens. In humans, this 
knowledge has mostly been used for diagno
stic purposes and studies of disease mecha
nisms. In animals, it is possible to consider 
such information being used for early iden
tification and exclusion of "high risk" ani
mals in breeding programmes. 
Most of the information about the MHC has 
resulted from studies on humans and mice. 
Investigations on several animal species in
dicate that they all have a similar MHC. 
However, relatively little information is 
available on the goat MHC. Studies by van 
Dam et al. (1979) gave reason to believe that 
the goat MHC contained both class I and II 
genes. Lymphocyte antigen specificities be-
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lieved to be HMC class I antigens have been 
serologically characterized in Norwegian 
dairy goats (Nesse & Larsen 1985) and in 
seven different Swiss goat breeds (Ru.ff & La
zary 1985). 
Until recently, in no species had polymor
phism of the MHC been studied on other 
than the gene products, i.e. the surface mole
cules. Modem biotechnology has now made 
it possible to study the MHC-genes themsel
ves, using DNA-probes and the technique of 
restriction fragment length polymorphism 
(RFLP). So far, most MHC probes have 
been generated from human or mouse DNA, 
though experiments have shown cross-hybri
dization between human MHC probes and 
DNA from other species such as cattle, 
pigs, horses and sheep (Andersson et al. 
1986, Vaiman et al. 1986). In humans, 
stronger associations between MHC and cer
tain diseases have been found by means of 
the RFLP technique (Cohen-Haguenauer et 
al. 1985). 
The aims of the present study were to test 
whether: 1) a human MHC class II probe 
could cross-hybridize with genomic DNA 
from goats; 2) the probe could be used to 
study polymorphism of the goat genes; 3) 
such a polymorphism was inherited together 
with the serologically defined lymphocyte 
antigens which are believed to be encoded 
by the goat MHC class I genes. 

Material and methods 
DNA sources 
Goat DNA was isolated from leucocytes 
from 14 animals, of which 9 belonged to one 
family of Norwegian Dairy goats. The other 
5 animals were unrelated. Two of them were 
Norwegian Dairy goats, and 3 were Swiss 
Toggenburger goats. DNA was iso
lated from 3 human· Epstein-Barr-virus
transformed B-cell lines, which were homo
zygous for the MHC class II specificites DR 
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3 (LHM), DR 4 (JAH) (origin: Dr. J. H. 
Hansen, Seattle, USA) and DR 8 (MMR, 
origin: Dr. A. Termijtelen, Leiden, West 
Germany), respectively. 

DNA isolation and RFLP procedure 
DNA isolation from leucocytes, electropho
resis, DNA Southern blotting (Southern 
1975), prehybridization and hybridization 
was performed as described by Paulsen et al. 
(1987). 
Before electrophoresis, samples of 10 µg 
DNA were digested with the restriction en
zymes Eco RI or Barn HI (25 units) over
night at 3 7°C in the buffers recommended by 
the manufacturer (Amersham, England). 
Hind III digested lambda-DNA was used as 
a fragment length marker. Hybond N 
(Amersham) was used as blotting membra
nes. The probe was a denaturated "nick
translated" class II DR-beta cDNA probe 
(pII-f34) (Gustavsson et al. 1984) which was 
isolated from the plasmid vector as descri
bed elsewhere (Paulsen et al. 1987). The hy
bridised membranes were washed 3 x 5 min 
in 2 x SSPE (SSPE: 0.01 mol/l NaH2P04, 

0.18 mol/l NaCl, 0.001 mol/l EDTA, pH 
7.4) at room temperature, and 2 x 20 min in 
0.2 x SSPE I 0.2 % SDS at 65 °C. Autoradio
graphy was performed at - 70°C using inten
sifying screens. 

MHC class I antigens in the goats 
MHC class I antigens of the goats were sero
logically determined, as described earlier 
(Nesse & Larsen 1987, Ru.ff 1987). The de
signations of the specificities consist of a 
number anel a prefix which is "N" for speci
ficities only found in Norway and "Eu" for 
those found both in Norway and Switzer
land (Nesse et al. 1987). The genes coding 
for these antigens belong to 2 closely linked 
-loci. 
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Table I. Pedigree of the goat family studied. 

Parents Haplotypcs: 
first I second 

Sire Eu6 I Eu4, Eu9 
Dami Eu2 I Eu9, Eu13 

Dam2 Eu12 I Eu6 

Dam3 N2 I Eu2 

Family studies 
Family studies were performed on a family 
consisting of l sire, 3 dams and their 6 off
spring (Table l). The sire had the 2 haplo
types Eu6 and Eu4, Eu9, of which 3 kids 
had inherited the haplotype Eu4, Eu9 and 
the 3 others had inherited Eu6. 

Results 
The human MHC probe cross-hybri
dized with genomic DNA from goats. When 

kb 

16 
6.6,. 

4J:J# 
3.1 

Figure I. Restriction fragment length polymor
phism of Barn HI-digested DNA from 3 Swiss 
goats (s), 2 Norwegian goats (n) and 3 different hu
man cell lines. The numbers on the human cell 
lines show their class II- (DR-) specificities. All 
the DNA samples were located on the same 
membrane, and were at all stages of the procedure 

treated exactly the same way. 

Kids Haplotypcs from: 
mother I father 

Kid 1 Eu2 I Eu4, Eu9 
Kid2 Eu2 I Eu4, Eu9 
Kid3 Eu12 I Eu4, Eu9 
Kid4 Eul2 I Eu6 
Kid 5 N2 I Eu6 
Kid6 N2 I Eu6 

human and goat DNA were located on the 
same membrane and treated in the same 
way, the human DNA seemed to give the 
strongest hybridization signals (Fig. l ). 

Eco RI digestion of goat DNA 
In goat DNA digested with Eco RI, 7 frag
ments (range 9.4-2.7 kb) could be detected 
in all the animals, except for one (kid 21) 
which lacked the 2. 7 kb-fragment. No other 
restriction fragment length polymorphism 
was detected. 

Figure 2. Restriction fragment length polymor
phism of Barn HI-digested DNA from the goat fa
mily tested (D = dam, K = kid). The restriction 
fragment patterns of dams I and 2 were confirmed 

in another autoradiogram (not shown). 
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Table 2. Suggested inheritance of the fragments "A" and "B" to-
gether with the serologically defined MHC class I antigens. 

Parents Fragment Fragment 
3.1 kb 3.3 kb 
=A =B 

Sire NT*) NT 
Dam 1 + 
Dam2 + 
Dam3 + + 

Kids Fragment Fragment 
3.1 kb 3.3 kb 
=A =B 

Kid 1 + + 
Kid2 + + 
Kid3 + 
Kid4 + 
Kid5 + + 
Kid6 + + 

*) NT = not tested. 

Bam HI digestion of goat DNA 
Digestion with BAM HI gave from 3 to 6 de
tectable fragments per genome. One of these 
fragments (16 kb) was observed in all the 
animals. The location of the remaining frag
ments (range 9.4-3.1 kb) showed variation 
between animals (Figs. I and 2). 

Family studies 
The restriction fragment patterns revealed 
by Barn HI digestion were used in the family 
studies (Fig. 2, Table 2). One fragment (3.1 
kb), here called A, was found in all the kids 
that had inherited the haplotype Eu4, Eu9 
from the sire. One other fragment (3.3 kb), 
here called B, was found in all the kids that 
had inherited the sire's other haplotype 
(Eu6). When considering the fragments 
found in the dams, the other A- and B
fragments found in the kids, and the haplo
types inherited by the kids from the dams, it 
could clearly be seen that the fragment A 
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Suggested haplotypes: 

first I second 

Eu6, BI Eu4,Eu9, A 
Eu2, B I Eu9, Eul3, 
Eul2, I Eu6, B 
N2, A I Eu2, B 

Suggested haplotypes: 

from dam I from sire 

Eu2, BI Eu4, Eu9, A 
Eu2, BI Eu4, Eu9, A 
Eul2, I Eu4, Eu9, A 
Eul2, I Eu6, B 
N2, A I Eu6, B 
N2, A I Eu6, B 

was inherited together with the sire's haplo
type Eu4, Eu9. The fragment B seemed to be 
inherited together with the other haplotype 
(Eu6) of the sire, provided that no recombi
nation had occurred. The remaining poly
morphic fragments were not considered di
stinct enough to allow firm conclusions as to 
how they were inherited. 

Discussion 
In the present study, a human MHC class II 
probe (DR-P) was successfully cross-hybri
dized with goat DNA. Similar probes have 
earlier been shown to cross-hybridize with 
DNA from cattle, pigs, sheep and horses 
(Andersson et al. 1986, Vaiman et a{ 1986). 
However, the number of fragments detected 
in Eco RI digested DNA was reported to be 
higher in these animals than in the goats in 
the present study. Vaiman et al. reported 
15-16 fragments in pigs, 10-11 in sheep, 
9-10 in cattle and 15-20 in horses. In the 
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goats, only 7 fragments were detected with 
this enzyme. The samples from pigs, sheep, 
cattle and horses were reported to have been 
tested under adapted stringency conditions 
for each species. Vaiman et al. suggested 
that some of the weak hybridization signals 
they found were due to cross-hybridization 
with other class II genes, for example DQ
P-like genes. The goat samples were treated 
in the same way as human DNA. If they had 
been washed under conditions of adapted 
stringency, a more complicated restriction 
pattern might also have been obtained in the 
goat DNA. Possible cross-reacting DQ-P
like fragments are the ones most likely to 
have been dehybridized as a result of the 
more stringent washing procedure, thus giv
ing a more "clear cut" pattern of the DR-P 
gene. However, one cannot exclude the pos
sibility that also DR-P-like fragments may 
have been "lost". 
These experiments showed that a human 
MHC class II probe may be used to study 
polymorphism of goat genes. Although the 
family studies included only a small number 
of animals, and the results may therefore 
have been influenced both by chance and by 
the occurrence of recombinations, they 
strongly indicated that polymorphic frag
ments were inherited together with class I 
MHC antigens. This means that human 
MHC probes most likely recognize MHC 
genes also in the goat, and may hence be 
valuable tools in future research on the 
MHC of this species. 
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Sammendrag 
En human vevstype DNA probe gjenkjenner gener 
hos geit. 
DNA fra 14 geiter ble fordeyet med to forskjellige 
restriksjonsenzymer og deretter hybridisert med 
en human vevstypeprobe av klasse II (DR-j3). Ni 
av geitene tilh0rte samme familie. Etter bruk av 
restriksjonsenzymet Eco RI, bandt proben seg ti! 7 
DNA-fragmenter av forskjellig st0rrelse hos 13 av 
geitene og ti! 6 fragmenter hos det siste dyret. 
"Fragmentm0nsteret" var likt hos alle dyrene, 
bortsett fra hos det siste som manglet det minste 
fragmentet. Det kunne sAledes bare pAvises en 

liten grad av polymorfisme ved hjelp av dette en
zymet. Ved bruk av enzymet Barn HI hie det der
imot observert store forskjeller fra dyr ti! dyr. Pro
ben bandt seg ti! 3-6 fragmenter av varierende 
st0rrelse, og ga dermed varierende "fragmentm0n
stre" fra dyr ti! dyr. I den unders0kte familien sA 
det ut ti! at menstrene hie nedarvet sammen med 
serologisk pdvisbare lympfocyttantigener som 
man mener er vevstyper av klasse I. Undersekel
sen viser at humane prober kan vrere verdifulle 
redskaper ved studier av vevstypekomplekset hos 
geit. 
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