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Linkage and interdependence of A2MD1
and A2ME2 alphaz-macroglobulin genes in cattle
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Abstract. The transmission of previously described genes A2MD1 and A2ME2 that
determine antigenic markers of alphaz-macroglobulins AomD1 and A;mE2 in cattle
was studied. The starting point for the analyses was the lack of individuals negative
for both markers in the population of 3551 Black-and-White, Red-and-White, Polish
Red and Simmental cattle and interbreed crosses. Controlling of these specificities
by allelic genes or genes from closely linked loci was considered. To support or
reject this hypothesis, the independence test 2 X 2 and analysis of segregation
of A2mD1 and A2mE2 in the offsprings of all phenotypic matings found and of se-
lected matings in which genotypes of sires were determined, were used. It was found
that the observed scgregation of antigenic markers in the offsprings rules out
the possibility that they are determined by allelic genes. The results obtained show
that markers AomD1 and AmE?2 are controlled by the genes A2MD1 and A2ME?2
from closely linked loci. Morcover it secems that only those haplotypes are trans-
mitted in which both genes — A2MD1 and A2ME?2, or one of them — A2ZMD1 or
A2ME2, are present. No haplotype would then be transmitted (would occur?) in
which both genes are in the recessive form. |
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Introduction

Five antigen markers of alpha,-macroglobulin protcins have so far been
discovered, which were designated McAl, McA2, McB1, A,mDI (previously
BA7) and A,mE2. The markers McA1 and McA2 (IANNELLI, MASINA 1978)
are controlled by allelic codominant gencs, while McB1 (IANNELLI, CAPPA-
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RELLI 1979) by the dominant gene, which is independcent of gencs that deter-
mine McA1 and McA2. The remaining protcin markers of this fraction —
A,mDl1 (WILLMANN-WEGRZYN, WEGRZYN 1975) and A2mE2 (WEGRZYN
et al. 1996) are determincd by autosomal, dominant genes from open systcms.
One dcterminant-one gene rclationship is maintained between the antigenic
specificitics and the genes which control them. Of another macroglobulin
marker, describcd by ABE et al. in 1972, itis only known that in chromatography
on sephadex G-200 it was washed out in the first fraction (void volume) and
its migration rate equallcd that of alpha-globulins. The authors did not specify
if this factor was connccted with alpha,-macroglobulins or class IgM immu-
noglobulins (aftcr FABER, STONE 1976).

In the present study, the presence and scgregation of markers of alpha,-
macroglobulins A,mD1 and A,mE2 in cattle were analysed, and genctic rcla-
tions between genes A2MDI1 and A2ME?2, which determine the specificities
under discussion, were considered.

Material and methods

The genctic relationships between the previously detected antigenic markers
of alpha,-macroglobulins A,mD1 (provisionally dcsignated BA7) and A,mE2
(WILLMANN-WEGRZYN, WEGRZYN 1975, WEGRZYN ct al. 1996) were evalu-
ated on a population of 1753 offsprings of 73 sires and 1725 dams of Black-
and-White, Red-and-White, Polish Red, Simmental cattle, and crossbreds
of Polish Red with Simmental and Charolais breeds. From 10 to 101 offsprings
of one sire were examincd.

In the antigenic specificity transmission analysis it was assumed that A,mD1
(mD1 in short) and A,mE2 (mE2 in short) arc determincd by allclic or closely
linked genes: A2MD1 (D1 in short) and A2ME2 (E2 in short), respectively.
Allclic forms of genes A2MDI1 and A2ME2, whose products are not detected
yet (recessive by convention) were designatcd A2MDO (DO in short)
and A2MEO (EO in short), respectively. Gene frequencics in particular breeds
were 0.52, 0.36, 0.11 and 0.10 for A2MDI1, and 0.57, 0.68, 0.85 and 0.93
for A2ME2, respectively.

To support/rcject this hypothesis, the presence of both specificities in
the whole population studicd was analyscd as well as the distribution of these
markers in the offsprings of all phenotypic matings and of sclected matings,
in which sire genotypes could be determined bascd on the segregation of traits
in the offsprings. Independence test 2 X 2 was also used with simplificd formulas

2 , , : : :
for %" and a corrclation cocfficicnt for altcrnative traits r, (ZUK 1989).
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The abbreviated symbols of the markers under discussion and the genes
which control them, uscd here have only been introduced for the sake of this
publication.

Results

In the material under study, which included parcents and their offsprings,
there were individuals having both antigenic specificitics or one of them. There
were no individuals negative for both factors. In the 2 X 2 contingency test
(Table 1), uscd to evaluate the independent presence of mD1 and mE2, highly

significant values of x2 (328.74) and corrclation coefficient r, (0.30) were
found.

Table 1. 2 x 2 indcpendence test of A,mD1 and
A,mE2 antigenic markers

A-ml:2
Marker

+ 1591 360
- 1600 0

Aszl

x’=328.74; 1, = 0.30

Among the parents only six phenotypic matings were found of the type:
o mDI"TmE2" x Q mD1 mE2", d'g mDI"mE2"  x Q o mDI"mE2",

o’g mDITmE2" X go’le—mEf, o mDITmE2™ X $n1D1+mE2_,

oo mD1TmE2™ x go"le—mE2+ and o mDI"mE2" x ngl_mE2+

(Table 2).

In four of them (I, II, III and V), both the scgregation and the lack of some
phenotypes in the offsprings were inconsistent with the valucs which should
occur if these specificitics were determined by allelic gencs.

From among 73 sires studicd, individual genotypes of 32 mD1"mE2" bulls
were determined, in the first stage independently for mD1 or mE2, through
analysis of markers distribution in the offsprings of cach of them and in
the dams which had no mD1 and mE2, respectively. It was found that 22 bulls
were heterozygous for both DI and E2. The next two groups of 5 sircs each
had genotypes D1/DO0 and E2/E2, and D1/D1 and E2/EQ, respectively.
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Analysing the numbcer and scgregation of both specificitics in the offsprings
of 770 dams of phcnotypes mDI1"mE2", mD1"mE2" and mDI 'mE2" it was
dcduced that the sires of particular groups in fact had the following genotypes:

22 o'd" DIEO/DOE2; 5 o"o” DIE2/DOE2 and 5 o’c” DIE2/D1EO (Table 3).

Table 2. The distribution of A;mDI and A,mE2 in the offsprings of all phenotypic
matings in Black-and-White, Red-and-White, Polish Red and Simmental cattle

No. Phenotypes observed and number
Mating type* "(13; of offsprings
tings | mDI"mE2™ | mD1"mE2* | mD1-mE2*
I ©” mDI"mE2* X © mDI*mE2* 416 80 270 66
I o” Q mD1*'mE2* x Q o”"mDI*"mE” 194 68 125 2
o | o Q mDI1*mE2* x Q o"mDI"m2* 566 3 290 213
IV | o mDI"mE2™ x Q mDI1*"mE™ 37 37 = -
\Y o Q mD1*mE2™ x Q o”mDI"mE2* 91 - 85 6
VI | o mDI"mE2* x Q mD1 mE2* 403 - - 403

*mD1*" - presence/absence of AxmD1.
mE2*" - presence/absence of A2mE2.

From the matings of 22 sires to 51 dams mD1"mE2” and with 227 dams
mD1"mE2", there were offsprings with phenotypes of their parents —
mDI"mE2" and mDI"mE2” and mD1"mE2" and mD1 mE2", respectively,
the proportions in both cases being close to 1:1. There were no individuals
with phenotypes mD1™mE2" and mD1"mE2". From the matings of these sircs
with 276 dams mD1"mE2", the number of offsprings with dctermincd three
phenotypes were approximate to 1:3:1.

From the matings of 5 sires to 13 dams mD1"mE2” the whole offsprings
had a phenotype of their sires — mD1"mE2". From the matings of these sires
with the remaining 51 and 42 dams there were offsprings mDI1"mE2" and mD1~
mE2" in proportions approximalte to 2:1 and I:1, respectively.

Finally, from the matings of the last group of 5 sircs there were offsprings
mDi 'mE2” and mD1"mE2" from 14 and 72 dams in proportions approximate

to 4:1 and 1:2, respectively, and only individuals mD1 'mE2" from 24 dams
mD1 mE2",
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Table 3. Segregation of A,mD1 and A;mE2 in the offsprings of fathers with deduced
genotypes mated to dams with phenotypes mD1 mE2™, mDI1 mE2*, mD1 mE2" *

No. Phenotypes observed and number
Deduced. genotypes of Phenotypes No. of offsprings
of sires** sires of dams of dams
mD1"mE2™ | mD1"mE2* | mD1™mE2*
nD1*'mE2” 51 30 21 -
2MD1 A2ME !
:2:20(]) .AA\Z:I/IIF‘,‘(Z) 22 | mDI'mE2* 276 53 177 46
mD 1 mE2* 227 - 109 118
A2MD1 A2ME2 mD I*mE2” 13 - 13 _
A2MDO0 A2ME2 5 | mDI'mE2* 51 - 35 16
I mD I"'mE2* 42 - 18 24
*mE2” 14 11 3 -
) YME2 mDI"mE
QﬁhMAg: 2”MII;O 5 mD 1"TmE2* i 23 49 _
- - mD I™'mE2* 24 - 24 -

* see Table 2.
*¥ genotypes were determined on the basis of AxmD1 and A2mE2 segregation in the offsprings for each
specificity separately.

There were no offsprings mD1 mE2” after any of 106 (13+51+42) dams
mated to the first group of five sircs, just as there were no offsprings mD1 mE2"
after any of 110 (14+72+24) dams mated to the sccond group of five sires.

Discussion

In the population under study there were no individuals devoided of both
mDI1 and mE2, which suggcsts that the markers arc not transmitted inde-
pendently. This conclusion is confirmed by the highly significant values of

X2 and of the corrclation cocfficicnt for alternative traits in the 2 X 2 inde-
pendence test. The dependent transmission is also indicated by the distribution
of mD1 and mE2 among the offsprings of four phcnotypic matings found
among the parcnts. The results of these matings also preclude the possibility
that mD1 and mE2 arc controlled by allclic genes.

In the material studicd the distribution of both antigenic determinants in
the offsprings from standard tcst matings of the type double heterozygote
Xrecessive homozygote could not be analysed, as such matings were not found.
Scgregation of the factors studicd in the offprings of 32 sires, whose genotypes
were determined, were analysed. Scgregation of both determinants in the off-
springs of 22 bulls, double heterozygotes, indicates that the genes which
determine mD1 and mE2 are located on the chromosomcs of the same pair,
opposite cach to another. The distribution of the traits in the offsprings of
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the next two groups of sircs of 5 individuals each, does not only confirm
the opposing arrangement of genes D1 and E2, but also provides evidence that
these genes can also be located next to cach other on one of the homologous
chromosomes. The statement that among these sires mD1 mE2" there are
homozygotes D1/D1 or E2/E2, that is individuals having both genes (D1E2)
on one chromosome, enables one to ultimately reject the possibility that A,mD1
and A,mE?2 are dctermined by allclic genes.

The lack of individuals with phenotypes mD1 ™ mE2", the exclusion of
allelism between D1 and E2, the high (0.30) correlation coefficient between
mD1 and mE2, and the genotypes of the sires (sccond and third group in
Table 3) clearly indicate that the characters analysed are determined by closely
linked genes.

The determination of markers mD1 and mE2 by the genes D1 and E2 from
closely linked loci can explain some of the observed numbers of offsprings
with particular phenotypes. For example, 22 sires with genotypes D1EO/DOE2,
mated to 276 dams mD 1 mE2" produced offsprings with three different pheno-
types whose number was approximaltce to the 1:3:1 proportion. Such distribution
of traits rcsults from the genotypes of dams, in which under phenotypes
mD1 "mE2" there should be, in addition to at lcast double hcterozygotes, also
homozygotes for D1 or E2 or for both genes.

The linkage of genes controlling mDI1 and mE2 also explains the lack
of offsprings mD1"mE2" from all dams mated to sires D1E2/DOE2 (second
group of sires) and the lack of offpring mD1 mE2" from all dams mated to sires
DI1E2/DIEO (third group). In both cases the offsprings’ phenotypes are deter-
mincd by sire genotypes: the offsprings of sircs homozygous for a given gene
must receive one of the alleles of this gene.

The lack of offsprings of phenotypes mDI™mE2" and mDI"mE2” among
progeny of 22 sires DIEO/DOE2 mated to 51 dams mD1"mE2™ and 227 dams
mDI1 mE2", respectively, was obscrved. Morcover, the lack of offsprings
mD 1 mE2" within progeny of 5 sires D1E2/DOE2 mated to 13 dams mD 1 mE2”
as well as the lack of offsprings mDI1 mE2™ within progeny of 5 sires
D1E2/D1EO mated to 24 dams mD1 mE2" were noticed. In the above-men-
tioned matings, mD1 and mE2 scgregated in the offsprings as if all dams
mD1"mE2” were homozygotes D1/D1, while dams mD1 mE2* were homozy-
gotes E2/E2 and transmitted either gene DI or E2, respectively. In this case
under phenotypes of 51 and 13 dams mD1"mE2™ and of 227 and 24 dams
mD1 mE2" there would be only individuals with genotypes DIEO/DIEQ and
DOE2/DOE2, respectively. Therefore, among these dams there would be no
genotypes D1IEO/DOEO and DOE2/DOEQ, respectively, in which both genes
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occur in the recessive form in one haplotype. In consequence only those
haplotypes would be transmitted in which both genes (D1 and E2) or one of
them (either D1 or E2) occurred.

Such concept of linkage and interrelation between both genes seems to ex-
plain the characteristic segregation mD1 and mE2 in the offsprings from
the matings of sires with deduced genotypes and dams with all phenotypes
found, as well as the lack of individuals mD1'mE2" in the whole population
studied (3551 animals).

The analysis of the presence and segregation of antigenic markers of alpha,-
macroglobulins A,mDI and A,mE2 in cattle ruled out the possibility that these
factors are dctcrmined by allclic genes. It was found, however, that genes
A2MDI and A2ME2 arc in closcly linked loci. The results obtained also
indicate that only those haplotypes are transmitted in which both genes —
A2MD1 and A2ME2, or onc of them — A2MD1 or A2MEZ2, occur. No haplotype
would then be transmitted (would occur?) in which both genes are in the re-
cessive form.
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