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INTRODUCTION =

Tt is faseinating to observe that in the history of
scientific adh‘l.ovanent, the advancement of knowledge within one
diseipline has invariebly been assisted by a comparsble advancement
in other diseiplines, The identification of bacterial _oxfgazéim in
infectious diseases by Koch and his students, could ‘no't; have advanced
so drematically without the =id of & simultaneous sdvance in the
knowledge sbout aniline dyes and cpti_oal inﬁtm&nts.

e kAt et an i A and. B SacakaTitining in e
serun of man by Landsteiner (1900), his work must have benefited
from the knowledge elready gained in the study of immumity to
bacteriel organisms, m& knowledge stemmed from the nut#tmﬂing
work hy the bacterialogists of the last century, such ss Pasteur,
then Nuttall, wvon Behring. and Kitasato aﬁa finally Bordet .,I

At the same time as Landsteiner's discovery of husan blood
groups, ‘the prineiples of Mendelian genetics wers reﬂiscévmd by
three independent observers, namely de Vries, Corpens und Tschermek,
Their discoveriez soom found applicstion in the inheritance studies
of human blood gzroups by Epstein and Ottenberg (1908), alse von
Dungern end Hirssfeld (1910), At that time biologists and students
of Darwinism had generally esccepted that variability s"xi.étaa within
orgenisms, and were sware that even man showed cartaixil uniqueness in
eolour, shape and aptitudes, The discovery of blood groups in man,
 bowever, was the first demonmstration, thet this uniqueness extended
beyond the confines of physiognomy and mental attributes,
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The exposition of varisbility betweem the cells of differ-
ent individuels avose from the knowledge of immunity and technical
demonstration of the antibody response, The first demonstration of
chemical iadividuality im man, however, was shown by Garred {(1902)
‘in his study of "imhorm errors of metabolisu", such as the comdition
of alkeptonuria, This observetion followed very closely om the -
‘heels of the bleod group discovery, and was subsequently shown to be
the first example of recessive hheﬁri.tamo_ to be recognised in men,
Since the begianing of the century, the kmowledge of
veriability in meny speeiss has grown on geveral fromts, WFirst,
through the application of old and new immumological teehniques;
secondly, through the considerable advence in biochemical Imowledge,
and finally through the expert guidamce of men like Fisher and
Haldane, in the applicetion of shtatisticel methods to germetic analysis
Thus, the sdvances in the study of inherited differemces gedned from
the knovledge of the immunclogist end gemeticist im the"iaginning,
has within the last decade been given fresh impetus by the work of
biochemists, It is interesting to redord e passsge from Putnem in
the book on 'Plasma Proteins, in which he states, "Indeed, it hes
been said to be shtartling to immunclogists, thet the first clear-cut
evidence for hereditsry serum protein groups in mormal -hu'ména came
from eleetrophoretic rather tham serologicsl methods", This advance
hes onee again smelgemsted disciplimes, and has brought knowledge to
& new front with the study of immunoelestrophoresis, These
disooveries have also eoineided with the establishment of the basie
chemical formula of dpmomlaia acid by Watson and Crick (1953),
and that this compound and gemes are symomymous, Perhaps within
enother deeade or more, the present Enowledge of variebility will
extend beyond test~tubes, electrophoretic techmiques and arbitrary
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genes Yo the basic srvangement of phosphorie ascid, pentoses amd
purines,

At this stage in our knowledge, it is gencrally agreed
that the blood group charecters om the erythrocytes of man and
guimels, and the differsnt serum proteims sad groups should all be
_élasaifiea &8s geme markers, or blocd groups, This view is held by
Race and Samger (1959), whe introduced & paper om the subject of
"ihe igheritancs of blood groups' with this statement,""Blood groups”,
in a broader sense could nowadays imclude mot omly the differemces
due to the antigens of red cells, white cells and platelets, but

zlso the distinetions made by the various ham@aﬁina, haptoglobins
and Gm serun groups,”

The knowledge snd velue of bleood groups in men huas been
nanifest in olinicel transfusion, and in solutioms to medicolegal
problems of disputed parentege, ond foreusiec mediscine, They have
alsc been applied in amthropolegical studies, Im domestic animala,
bhowever, the kmowledge of bloed groups has not found comparsble
benefit in application to elindeal trensfusiom, but has in solving
preblems of pevembtage, It hes alse found epplication in the
detection of heterosis in highly inbred lines of chickems (Briles,
1953 end Gilmour, 1554), 2nd in helping to distinguish two egg from
one egg twies ie cattle, With the advent of progemy teatin,g of
pigs en a matiomel scele in this country, the ne¢essity for a
systematic study of heritasble charscters such eas "blood groups"
eemed essentiel in this gpecies, In this respect it could be
Epplia& &8s an independent check on pedigree registrations, and to
other fields of imberest, such as heterozygous advantage and linkage
with produstion charscters, The dissertation presented for examina-
b: desoribes the application of immumologicel, serologicel and
E:lvsiml /
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biophysiesl techmicues o the discovery and cherscterisstion of
"blood groups” in the pig, The independence and literrelationship
of these groups hes clso beea investigated awnd is discussed.




_PART I - DHMUNOLOGIGAL STUDY




. There appear to have been three main approaches to the
subject of pig blood groups, The earlier workers seem to have
. _-Ifbaen influerced by Landsteiner's work on the A and B isoagglutinins
T, (1900),  The first recorded investigaiion was fifty
years ego by Fishbein (1913), who locked at the naturel iscagglutin-
ins in 60 pig sera, He showed that the red cells of some pigs
| were egglutinated by sers from other pigs, Although iscagglutina-
“tion was extensive, no positive grouping could be made., His work
":_ﬁva.s. Qon!‘imﬂ by Weszeozky (1920), who looked at the sera obtained
' fron 14 pigs at the time of slaughter, .
: The first definite clasaification along these lines was
_: made by Saymanowski and cosworkers (1926). On examining blood
‘samples from the slaughterhouse, they came to the conclusion that
thm were three blood zroups distinguishable in pigs on the basis
of ecombinations of a blood cell antigen, and the aantibody acting
| against 4%, The erythrocytes of pigs belonging to the first group
had an isoantigen they called A, but there were no isoantibodies in
| their ‘_ma_ra (A-a..). On the red cells of the second group (Ga}, there
ma no isoantigens, but their sera cort ained isoantibody againat
antigen A occurring in the first group. The third group of animals
| h8d neither isoantigen or isoantibody, and were called group 0 .
| Similar typs groupings were confirmed by Keyser (1929). At the same
time Szymenowski et al, (1926) and Keempffor (1932a) compared the
A antigen on the erythrocytes of pigs with the isoantigens of humans,
'They found it to be very similar to the 4 ispantigen in men, for
with human A red cells it was possible to absorb a large portion of
the /
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the antibodies from pig sera conteining anti=A, The other humm.
erythrocytes of group B and 0 did not give similer results. The
128t mentioned worker (Kocempffer, 19322), also established that the
A Pactor was inherited es 2 dominant charsgter. Later in 1927,
'szjrmanmski and Wachler showed that the A factor had sercloglcal
| similarities to the A Pector 4n sheep, The latter is now known &8
the R substence.
. In the first paper, Szymsnowski et al, (1926) also
indicated the occurrence of normal entibodies with reactions other
‘Bhaxx anti-A, This observation was confirmed by Kaempffer (1932b),
| who by means of sbsorption was able to isolate a natural entibody
‘diPPerent from anti-A,
_ L The investisstion for normsl isoagglutinins was continued
"'I'by Herdt (1937), who found thet the classificeti on wes not as simple
as l.l:he three groups given by Szymanowski, but he failed to esteblish
| a system, It was not until 1950, that Kuhns deseribed four distinet
nermal agglutinins in pig sera, He called them P‘l’ Pys P5 end P&_
an& assumed the existence of 1k blood group combinations, The
| oecurrence of at least fowr different normal antibodies was confirmed
by FByquem (1953). In the next year, Szent~Ivanyi and Szabo (1954)
deseribed in greater detail by sbsorption techniques, the existence
of four normelly occurring agglutinins, They established the

| frequency of four antigens and antibodies as follows:~

An}igns Antib

A 147.8% antl & 9.67%
B 22.7% anti b 10.4%
¢ 8.2% enti ¢ 0.4%
D 2605% anti d 8.0%
0 15.1% Type O (no entibody or antigen) 67.6%
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 In their paper, they state that immunised pigs were not
used for this investigation., They also established s serological
relationship between their anti A and humen snti-A, Tt is believed
that the other thres antibodies they isolated are no longer in
:_gxisteme,- and 1ittle or no work has heen done since then to confirm
or reject the existence of nmopmal antibodies other then anti-A,
The first indication of 2 new approsch to the subject was
-5given by Szymanowsld and Wechler (1926), who observed that serum
[from pigs veecinated against swine fever oceesionslly contsined anki-
bodies which agglutinated pig red cells other than type A, They
soncluded that as the vaccine was prepared from pooled pigs® bleod,
that type 0 blood was antigenic and capable of producing entibody if
injected into a suiteble recipient of the seme speeies,
. It was not until 1949, thaet Bruner et al. demonstrated
thet experimental isoimmunisation of pregnsnt sows with blood from
the mated boer could produce hasmolytic disense of +their newborn
piglets, This was followed quieckly by reports of clinicel ceses of
|heemolytic disease in piglets by Kershaw (1950), then by Szent-Tvenyi
|and Szebo (1953); Buxton and Brooksberk (1953); Doll and Brown
(195.) and Newberne (1957). The report by Buxton end Brooksbenk
stimulated the interest of Coombs, who helped $o diagnose the
gondition by demonstrating antibody costing on the red eells of
_haemoly'tio piglets by using the direct antiglobulin sensitisation
!_%est. The findings were summarised in a peper by Buxton, Brooksbark
lend Goombs (1955), in which it was mentioned thet the one importent
fechor involved was the injection of enimals with erystsl violet
vaceine,

The /
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The cocurrence of haemolytic disease imitiated a wide |
‘soale investigation of pig blood groups by the Cawbridge workers.
| In the first paper by Saisen, Goodwin and Coombs (1955) on the
dstection of the natursl cecurring A iscantibody by the entiglobulin
| test, it was suggested that the O, group of Ssymeaowski probably all
belonged to group Gge in the seme yesr Goodwin, Saison and Coombs
(1 955) demonstrated that a large number of pigs which had received
| move than ome injeetion of swine fever vadeine had a high tiire of
| red cell iso-antibodies, Later Goodwin and Saison (1956) reported
| & breed difference in the immune isosntibody response to this
""iw'ceine. Goodwin and Coombs (1956) also failed to esteblish that
| the & entigen-antibody system of pigs was involved in neemolytic
_. f"'diseaao of the newborn piglet. They did establish, however, thal
| the 4 sntigen is absent from the red cells of the newborn, but
| eppesred in ineressing strength on the cells at varying times during
| the first month of life,
| Saison (1953_) demonstrated thet pure testing reagents
:3""00111& be isolated frain the immune dntisere of vaccinated sows.
With one other antibody donated by Gershowits, she desoribed a blood
_; group system of l;ﬁ::gs involving four factors called E , B, E and Ege
| These factors e Bty £o. s neriteble, end Saison believed that
| the system formed was consistent with the existence of four slleles.
| The four alleles were made=up of the following groups of fackors;
i"'(E.'), (Eb,azg By)s (B B.) and (B, By), The factors B, and E, were
| oanaiﬂmd to be aquiw.lent to Anﬂmun’a factors E and Eb‘ ine
| '1am- cmmieation, Saison (1962) amended the previous report and
."mma E, from the new system, becsuse it wes believed to be &
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weak E.. She also isolated a further seven antibodies from the
sera of seven vaceinated sows. The additional factors were celled
| Bys B ys K, B114, P, Q end R,  Pactor K, was believed to be similar
to the K desoribed by Andresen (1959¢), but Saison produced evidence
for the existence of two antibody fractions in the originel X anti-
. serum, Two sub=groups K, A and Ea?. were postulated, TFour of the
| other factors listed above were detected by Léw's pepein method
(4955).
: Joysey, Goodwin and Coombs (1959) slso defined 41 antigens
: ".by absorption of antisera from six vsecinated sows producing haemo-
lytie litters. These factors were mmbered 1 0o 11, The distribu~
tion of these antigens and the A factor wers calculated in seven
different breeds by the same authors (1959). Inheritance studies
| on these factors were not earried out, and comparison with reagents
identified by other wrkers was not made,
The third and probably most definite approach to this

:mbjeat was mede about the same ¢time as the investigation by the
| Cembridge workers, Andvesen working in Copenhagen adopted the
positive teehnique of producing isoimmune and heteroimmune antisera
| by repeated injections of non pooled donor blood. In 1957, he
' deseribed seven different reagents sgainst factors called E, F, &,

Hy I, J and X, All were obtained from antisers produced by
isoimmunisation. Family date was presented to show that these
| fastors were inherited as dominant characters, In 1959 a whole
series of papers by Andresen were published, establishing systems
and genetic control of several antigenic feeters., In the first

| paper /
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paper from Wisconsin, Andresen and Irwin (19592), found two factors
Ea. and. Eb, and proposed that they were controlled by allelie genes
in 2 multiple sllelie system, The E Pagtor was the same as the
- previous E Andregen had defined.  Then Andresen: and Wroblewski
- (195%) with = third fector B , produced at the Pasteur Institute,
_established that all E, animals hed the E, fector as well, also that
'E_ was & contrasting faetor to . The theory was advanced that
 the E system comstituted e closed genestic system formed by three
elleles %, B ana E°,
| A further peper by Andresen and Irwin (1959¢c) demonstrated
that by heteroimmunisation of rabbits with pig red cells and absorps
tlon experiments, two haemolysing sgsinst pig bloeod group factors
'Ka end K, were speeified, The X , factor was similar to the K
factor previously obtained by isoimmunisation, These two factors
were concluded %o be controlled by two allelic genes in a multiple
allelie system,

In 2 paper on studies of pig blood groups in commeetion
‘with progeny testing given at the Blood Group Gongress in Munich,
Andresen et al, (19594) indieated that preliminary studies on 16
blood group factors haed been concluded, On the basis of his
investigations he stated that, "the 16 blood groups wmder s tudy
belong to nine different blood group systems®. The systems were
called A, %, F, G, H, I, J, K and L,  Two additionsl fectors E, and
E, were added to the existing B system. The G system was also
found to be a closed system, in thet 211 pigs had either factor G-a
or G, or both., Another system ecalled H had two factors H end H,
but /
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bub wes ot a closed system. It was found that the H® gene showed
a dosage effect in that cells from homozygous individuals were more
resgilve than heterozygotes., The existence of the G and H systems
was later confirmed in a peper by Andresen end Wroblewski (1961).
The vemaining factors mentioned at Munich were F, , I, J, and L
(=-}3K5); all single factors representing diffevent systems, Two
additional Pactors called K, and K, were 8lso added to the K system,

Briuner Nielsen (19641) another Danish worker, added another
%syam called M to the above classificetion. This new system arcse
rx-em isoimmunisations using pigs of the Pietrain breed as donors
sgainst Landrece as vecipients, It was represented by a single
' .fa,eter called ﬂa, and no association with any other factor could be
found., Test erossings involving all other systems except the L and
J systems confirmed its independence,

In the most recent communication, agein by Andresen (1962),
| he has esteblished the existence of ten blood group systems on the
basis of segregation studies within relevent families,  An addition-
| &1 system called B conteining Pactor B has been found,  This
: :-ifébtbr'- eppeared on investigation of an entiserum from a sow which
he.a. glven birth to pigs affected with haemolytic disease. It is
the Pirst time that & specific antigen hes been impliceted in this
diseeses Anti A end B, were also present in the antiserum, The
use of the letters B, € and D had previously been avoided by
_. Andvesen in his notation, in view of the work by SzentsIvenyi end
'Szebo (1954), As the stock of their reagents hed disappeered, the
pecessity for reserve was overlooked. In addition, within the B

system [/
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‘system enother factor ezlled E ” was proposed, znd evidence was
‘presented for the existence of three peirs of contrasting characters
| within e multiple allelic system, The contigsting factors proposed
_ gre B, and Bé" B, and By also E, end ﬁfg"‘ - Inheritance studies

| demonstrated the existence of five E elleles controlling the follow=
ing groups of these factorsy B, B3 B3 Bpo and B

| A shorthand notation hes been adopted by Andresen to identify these
i groups, The other new additional factors given in the above paper
|were I and L ., It is sugeested by Andvesen, that these factors

| along with © 3 foum & elosed system comprising three alleles La.', I,b

‘and Lu. A comparison of the frequencies of the various blood
group alleles was also presented for f.hma‘ different breeds,
Several elleles showed significant differences in their frequeney

between the different bresds,
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2, METHODS AND MATERIAL -
1, Termino : (2) Antigen An antigen is defined as a

. substance capable of stimuleting entibody formation, when introduced
| parenterally into an animal., The antibody produced is capable of
combining with the antigen in some detectable way. In blood group
. studies antigens have been found to oceur on the surface of the
erythrocyte, They are often referred to as blood group substances
~and chemically are comjugated proteins of a mucopolysaccharide type.

(b) Antiserum This refers to the serum of
en enimal in which entibodies may be found, They are modified
serum globuling ususlly belenging to the gesma range. Each antibedy
hss usually a unique specificity for the antigen or group of antigens
it was stimulated by, although cross specificities do occur, This
specificity by in vitro tests manifests itself in the form of a
particular reaction, whereby the antibody combines with the antigen
end causes the vehicle (i.e. red cell) to mzglutinate or lyse.

(c) 3Specific entibody For blood grouping
the isolation of speeific antibodies from heterogeneous antiserum
is the primary aim, so that each antibody will detect its reciprocal
antigen, Thus animals can be grouped according to the type of
antigens they have on their red cells, The level at which any

worker can assess the unit specificity of eny antibody isolated is

ﬁc'plo NS of -THE

to study th%gemswhieh controls the antigens or group of antigens
o

detected. If the inheritance studies comply with the simple rules
of lMendelian segregation, them the worker mey justify the existence

of /
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of such an antibody by calling it a reagent. The antigen a
reagent detects is often called an antigenic factor, or blood group
factor.

(3) Blood group system This may be
defined as a region of a chromosome within which one or several
genes mey control several antigenic factors. By the study of
inheritance within reliasble pedigreed animals, association between
blood group factors may be found, so that they may be assigned to
the seme region or system. Those which segregate independently
cannot belong to the same system. If the region of the chromosome
is confined to a short distance, then it has less chance of becoming
divided up due to the phenomenon of crossing over at meiosis, By
measuring the recombinant values for two linked factors, then the
percentage orossing over within a defined system may be assessed.

In the notation used so far to define pig blood groups,
each system is characterised by a different letter of the alphebet.
The antigenic factors within e system are written as subseripts to
this letter and are used to indicate the phenotype, whereas the
genotype is indicated by usiﬁg superseripts., For example, a blood
system called A may have antigenic factor Aa in the phenotype, and
the genotype may be expressed as A°/A% in the homozygote and A®/A” in
the heterozygote, If an animal is negative for the antigenic factor
Aa’ then the phenotype may be expressed simply as A-ve, and the geno-
type as A /A", that is the double recessive. Most antigenic factors
are inherited as dominant Mendelian characters revealing themselves

when in the homozygote and heterozygote form.

2 /
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probability of obtaining a deviation from expected greater thaan

the observed when taken in the direction of the observed

' deviation. The wo tail significance tests correspond to the

single tail tests at the conventional probability levels 0.05
and 0,01 respectively. This means that in assessing the
probability velue obteined by the Exact treatment the
sigaificance placed csn only be applied st helf the probebility

obtained by the conventional two tail test,



e e e ek
'"Yate's correction of continuity' can be epplied. By this method
‘j(lz is calculated by making the observed frequencies léas
extreme, by adjusting them by half a unit. The probability
gignificance im applied at the same level as for the two tail
test.

In this study for frequendes less than five the method
used is the Exact Treatment by Fisher (1950) By this method the
probability values are calculated exactly, and this is
illustrated in the results involving the Reagenis Nos., S and 11,
This example shows that the two figures to be reduced stepwise
by one until O is reached are those which are smaller than the
expected values, or are those forming the smallest cross-product.
The expected values are shown in brackeisse-

Faclor 11 or Ef

+ At = At Total
_ * A 2 _ 34 36
Factor S or B, (7.3) (28.7)
- AT 19 - 49 68
(18.7) (54,8)
21 83 104

p - 36168121183} . 1 + 4 + ) 040087
1041 21341191491 11351201481 01361211478 | *

The above method may be more easily calculated by using
Fisher and Yates (1948) Tables for the logarithm of the factorial
numberse.

When the stendard X 2 test is spplied to & 2 x 2
contingency table the distribution is called two tail, because
the test is based on the probability of obtaining a difference I
either direction, which can be greater then the actual differend
between observed and expected frequencies. The Exact Method givé

above however, ie called a single tail test, and indicates the

I
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In the four celle of the table, a, b, ¢ and d represent
the actual number of snimals observed within the population to
react with Reagents X and Y. The values expected by chance alone
for any cell can be calemlated by teking the product of the
corresponding marginal itotals and dividing by W.

egs ‘E* g!.‘a-&-hl

e
However, without calculating the exzpected values for
each cell Fisher (1950) showed that X ° may be calculated directly

by the following formulas- 2
(ad - bc) s Ha

(a ¢ D)olc + d)a(a + ¢)a(b 4 d)

If the crose product of (a.d) is greater than (bsc), it
is called a positive association, and may suggest e mixture of
anthbodies, or possibly a genetic relationship, such as a linkage
in coupling, Alternatively, if (b.c) is greater than (a.d), it
indicates a negative association and could suggest linkage in
repulsion.

It is pointed out by Fisher (1950), that "The
distribution ofix;? is a continuous distribution. The distribution
of frequencies must, however, always be discontinuous.
Consequently, the use of:XC ? in the comparison of observed with

expected frequencies can only be of approximaie accuracy, the

continuous distribution being in fact the limit towards which the |

true discontinuous distribution tends as the sample is made ever
larger". In order to avoid the irregularities produced by small
numbers, Fisher recommended thet in no group should the expected

nunber be less than five.

In cases of frequences less than five the method of
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Statistical Analysess=
1. Chi-sguared test:- This statistical test has been

frequently applied to the data given in this thesis. The basie

chi-squared formule is taken from Fisher (1950), and is as

K

where 'm' is equal to the hypothetical expected values, and 'x'

follows s~

is the deviation between the observed values and the expected.
The chi=squared value has also been calculated in 2 x 2
contingency tables, which have also been extensively applied %o
the data. The 2 x 2 table has been used to investigate the
possibility of serological and genetical association between
various blood group factors by calculating thé><\2 value, or
the corresponding probability that the association observed
could reasonably occur by chance alone. The assumption that
chance alone is responsible for any association observed, may be
found to be very unlikely (ie. the Null Hypothesis), and the
alternative view, that some other factor is involved is rendered
more acceptables In general, where the probability is greater
than 0,05 the association has been ignored, but where the
probability value is less than this limit further serological
or genetical investigations havé been pursued in search of a
more likely cause than chance, The 2 x 2 table is applied in thé
following manner, when the distribution of reactions for two
reagents called X and ¥ within the same random population are

compared in a contingency tables=
Y Reagent reaction

4~ — A Total
X Reagent + a b a+b
reaction e e d c 4 d_
a+ c b«+d N =

(a+bdcad)
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2. Experimentel animals: (&) Pigs The majority of the pigs
deseribed in this study were provided by the Agricultural Resesrch
| Couneil and located at two of their experimental animal breeding
research farms, These farms were (1) The Pig Breeding Research
Station, Mountmarle, Rosiin, Midlothien and (2) Skedsbush Farm,
Gifford, East Lothian,

For fhe section on Sodium and Potassium blqo:'l values the
materisl was obtained from pigs at the National Pig Progeny Testing
Station, Bridge of Allan, Stirling, The remainder of the material
was obtained from pigs of unknown origin being sla.ughtare_d at .the
Edinburgh City Corporation Abattoir, Gorgie, Edinburgh.

(o) Rabbits These were supplied
by tlﬁ Agricul tural Hesearch Council and were 1oc§,ted at their
Dryden Field Laboratorj, Roslin, Midlothian,

(c) BReference panel In selecting
aninals for bloqd g'ouping by serological techniques, & considerable
emount of assistance was provided as the result of a previous experi-
ment, This occurred indirectly through Dr. Andresen in Copenhagen,
who in 1960 wished to collect data on red cell antigen frequencies
within the Large White breed, The blood from several animels of
this breed were collected for him at the farms mentioned above, and
sent to Denmark. At that time Andresen had by isoimmunisation and
fractionation of antisera obtained sixteen antibody reagents each
capable of detecting a different red cell entigen., On the basis of
& survey of the Landrace breed end segregation study within families,
he had grouped these antigens into nine blood group systems, es

shown in the table below:-
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Blood group system Blood group antigen or factor
A | A
o By By Bgs Bp

F R,

% G &

H Bas By

I Fgniee

J Jg

K- K, Ky» Ky

L L,

0f the Large White pigs which were blood grouped on the
basis of sixteen antibodies, only a small proportion remeined when
this work first began, Over a period of several months, nineteen
of these pigs became available and were selected for use as a
reference panel, Between them they represented a total of fif'teen
antigenic factors, the only factor dsent being K.. Only three
systems were not represented by double recessive animels, that is
the =/« genotype. They were the E, G and I systems. Of these
systems E and G are believed by Andresen to be closed systems, and
double recessive animals have not as yet been found (Andresen, 1962).
The purpose of the reference panel was twofoldi~

(1) They were used as donors and reeipients in immunisation
courses in an effort to duplicate some of the antibodies
isolated by Andresen, Also, they were a source of

known donor cells,

@ /
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(2) r;Eheir main function wes as & source of known reference
cells to be used in the determination of some of the
antibodies present in unknown antisera.

(a) Animals for inheritence study
The definition of a particular antibody unit capable of detecting
one antigenic factor is not compliete without a study at the level
of the gene determining this factor. Bernstein (1924) first
conclusively shéwa&. that the simplé- Mendelian segregation ratios
eould be appliaé. to the humen AB entigens. o test the segregation
ratios of the genes determining the factors detectable by:

(1) Specific entibody units as isolated by serological
techniques,

(2) Biophysical methods.

A large number of pig families were bled and grouped.
These families were selected to give a mixture of breeds, so that a
maximum distribution of the genes involved could be obtained. The
number of animaels involved are grouped in breeds as ghoum in the
table below:=

No, of
Breed Boars | Sows of £spri
Large White| 6 21 88
Landrace 3 6 22
Gene pool®* | 6(+3)| 21 133
Total 15 48 243

“This was a pool of animals from Large White, Landrace, Wessex and
Temworth breeds. Nine boars were included in the gene pool mating,
of which three were the Landrace boars,

8 /
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3. Blood sempling and storage: (a) Bleeding For general
purposes when small volumes of blood were required (i.e. 30 to 100

ml,) the externel suricular vein was used., The ear wes scrubbed
and shaved and swabbed with spirit, then a fine film of petroleum
jelly was rubbed over the ear from the proposed site of bleeding
to the edge of the ear, A small slit was made slong the longitudimsl
a:kia of the veiﬁ, and blood was collected by free flow from the edge
of the ear, Soinetimea the tip of the ear wae rubbed with a swsb

| dipped in .xylol .to help vasodilate the vein,

| Lerger volumes of blood could sometimes be obtained from
the ear vein, but gensraliy it has been more successful to collect
by puneture of .tha anterior vene cava, Sows were rastrﬁinad in the
standing positién- by & loop of rope around the upper snout. The
rope was stretched upwards to 2 ring in a wall and tied, All
bleeding was performed on the right side of the animal from & site
Just in front of the menubrium of the sternum and to the right of
the trachea, The site for puncture was scrubbed in the usual
menner and the actuel point of entry was on a line taken from the
manubrium tb the base of the ear approximately 1 to 11" from the
manubrium entering at the supraclavicular fossa, A 4 to 5" needle
of 14 8,.W.G, was inserted upwards, slightly iniards end slightly
backwards, On entering the skin negative pressure wes applied to

a syringe attached to the needle, Entry of the anterior vena cava
is usually et a point approximately 3" from the surface of the skin,

(®) /




(b) Collestion and storage of
whole blood The acid-citrate-dextrose solution recommended by
Loutit and Mollison (1943) was used for this purpose., Four volumes
of blood were mixed with one volume of this solution. The blood
was then.stored at #4°C, The erythrocytes in blood collected from
the living animel generally kept for a period of three weeks in this
solution at fhis temperature, and if they were not &l sturbed could
keep for one month, The cells in blood collected at the abattoeir,
however, only kept for one week %o ten days and were generally
un;atiafactoty.

(e) Clotted blood and storage
of serum Serum from immunised animels which contained antibodies
and serum for biophysical investigation was obtained by first
collecting blood in a clean, dry, sterile bottle. This blood was
allowed to clot, then the clot was freed from the surfiace of the
container and given time to contract at room temperature, Contrae~
tion could be bnhanced by incubation for one hour at 37°C.,  After
this the blood was allowed to stand in the refrigerator at 4°c. for
three to four hours, The serum was then decanted into centrifuge
bottles or test-tubes and spun at 1,500 & for 30 minutes. The
supernatent serum was then sucked off with a clean pipette and
placed in bottles or test-tubes, and stored at =15 to -20°C., It
was found that pig cells within clotted blood tend to haemolyse
quickly if left too long at room temperature. For the colleection
of relatively clear unhaemolysed pig serum it was found necessary

to separate the serum within four to five hours of colleetion.

be /
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L gnsfusion £ tibod s
(1) ZIsoimmunisation: (a) Method Blood from the
selected donor pig was collected into acidecitrate-dextrose selution

and 10 ml, of this mixture was injected intramusculary as a sensi-
tising dose in the neek of the recipient pig. Prior to the
commencenent of immunisation the cells of the donor animal were
tested with the serum of the recipient for the presence of pre=
injection antibody, After the sensitising dose subsequent
injections of the same volume and mixture of fresh whole blood were
given at weekly :.inter'rals for four to six weeks, Test samples of
serum from the recipient were taken pfior to each injection, and
were tested ageinst the donor cells for the presence of antibedy,
This enabled one to follow the antibody response and decide at what
stage immunisation should stop., If there was a suitable response
a large volume of blood was taken from the recipient animel ten
days after the lest injection,

In seven different transfusions adjuvant in the form of
sorbitsl momoleate ('Crill 16%), as recommended by Dresser (1961)
was given with t he sensitising dose. The site of injeetion of the
adjuvant wes different from the site for the injeetion of blood.
It wes given subecutaneously behind the elbow of the animal, This
was to svoid the possibility of sterile abscess formation in the
neck region,

-All the transfusions were performed in mature sows of at
least two years of sge and over,

The choice of intramuscular injection as the route of

administration was decided for the following reasons:=
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4. It avoided dsmage to ear veins, which were being
used for bleeding purposes,
2. It allowed slower absorption of the trensfused blood
and this helped to avoid possible transfusion reaction,
In faet, none of the sows which were injected showed
a transfusion resction.
3. Previous reports have shown thet antiboedy stimulation
by the injection o f orystel violet vaccine, which
eontains pooled whole blood of pigs is extremely good
(Goodwin, 1955). This vaccine is administered
subcutaneously or intramuseulary.
A comparison of the results of the transfusions within
and between different breeds are given in Table I. A total of 49
sows were immunised and studied, of whiech 47 were selected animals
and the remaining two were obtained st sleughter 14 days after their

second injection of orystal violet vasceine.

Iable. 1
Nd. siﬁng No. giving
Breed | Breed [Total nd.| antibody % antibody %
of of of sows |response of respenge |TeSpOnse of | res-
donor |reeipient|immunised|titrel2 and|" T " titre 1/64 [ponse
b | Srox _ o aves.
LW LW 22 12 55 6 27.3
LW Wessex 15 10 66.7 L 25
Wessex W 3 3 100 0 0
Wessex | Wessex ‘7 7 100 0 0
Crystal i _
Violet | Wessex i 2 100 1 50
Faccine
| _
| Total W | % Ve b . 4 22,4
of /




(1958). Fe used Wisconsin reagents to type Swedish cattle, and then
- selected animals which were similer in blood type apart from ome or

.two factors, These animels were then used as donors and recipieants

- ph

0f the 22 Large White sows imaunised, seven were given
sorbital monoleate with the sensitising dose and a summary of the
results obtained are shown in Table II.

Table II
Yo eE T T Wo. eiving
No, of | entibody ¢ antibody %
s0WS response of response of
fomunised | titre 1/2 end| T®°PONS®| Litre /6, | TOPPORSE
over and ovgr"-
e S R T i s

The approach sdopted ia the first instance for the
isclaticn of specific antibodles was based on the work by Rendsl

in immunisetion courses, In this way he was sometimes able to
produce uncomplicated antisers containing only one or two antibodies.
The reference panel of 19 Large White sows which were available were
u@ioeted in a s:lliiar manner for immunisation, Only a few combina-
tions showing a limited antigen difference were found, Bven in
those instances where the omly spparent difference was one factor,
it 4id not necessarily follow thaet this was the only factor; bdut
within the limits of Andresen’s grouping, it was the only fector,
The results in Table III show the different types of antibody and
titre of antisera produced within the different breeds selected for
immunisation, Where the number of antigen differences are known
it is shown, also the specific antibodies isolated from the antisera
produced are shown. The first part of this thesis is concerned
with a study of the specific antibodies which were isolated.

Deteils /
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Table III
Distribution of antiserum showing type of
No. of | no of antib.l.edy and t1tre Tosponse. .. —|
Preed)) Areed antieen anti- | Saline Agglutinin Haemolysin SAoOME e?e Specific antibody
of of differ- : -55———-?‘\ lutinin isoleted
a ipient| ences = e 2 - "
el sl e obteined |y @ of § Sl oG g San] W e g S
Chd S E st e E T NEE S S R0
LW |4 ?’”’t 5 1 1 1°1 1 -| 411 negative Not typed  [No. 2
T LW “'tée"‘“ 2 v owt omom mgls @fes we |ww q¥ S ealles 5@k
LW | At %"“t A - vm @ P oky®in w%e e = ¥ aslie, n, 12,138 15
LW - |[2A% i"a“ 1 TP SR ot typed Not typed No. 10
L W Het 10 |k'2 =2 2|4 “. 4= 4+ |12+~ 2 1o, B&9
known = P
" LW Not 5 e o= Bies ol g ati Kot typed None
kncwi : neguztive Kot type I
N
W W mz:n 7 B % wsws o Sln g9 e ot typed None
No
oV W lmo:ﬂ_ R T R e e o
Note:- 1. Antibodies marked with a 'c' were obtained from antisera of animals imaunised with whole blood

plus 'Crill 16' adjuvant,

2;

time of immunisation a suitable antiglobulin serum was not available.

A proportion of the antisera were not investigated for incomplete agglutinins. because at the
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Details of all the immunisations carried out are shown in
the Appendix 1A and 24,

(b) Heteroimmunisation The
laboratory snimsl used for the production of hetero-antibody was
the rabbit. This animal was immunised for two purposes:-

| 1. Stimuletion of antibody to particular pig red cell
antigens,
2. Obtaining an anti-pig globulin serum for Coomb's

test.
1. The method adopted for immunisation was intravenous injection
of 41 ml, of a 20% suspension of thrice washed pig cells at two day
intervals for six injections. Pre-injection samples of blood were
taken from the rabbits before and after sensitisation., FEach animal
was bled from the marginel ear vein at ten days after the sixth
injection, Two specific antibodies Soa. % and 4 were obtained as a
result of these immunisations, and they will be described under the
secticn on results.
2., The method first adopted was injection of 1 ml, of pooled pig
serum intraperitoneally as a sensitising dose. A similer injection
was given one month later and the rabbits were bled ten days after
this injection, The first six rabbits injected did not yield any
precipitating antibody and repeat injections were given at three
monthly intervals. After the fourth injection, an antiserum to pig

globulin was obtained.
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The second method adopted was injeetion of 4 ml, of pooled

berum plus 0.2 ml, of sorbitol moncleate subeutaneously as a sensitis~

g dose. Three months later the rebbits were injected intraperitons
pally with varying doses of pooled pig serum,  The guantity injected
f_:_. reried from 0,2 ml, to 1,0 ml, with different rabbits, This was
"!‘allmﬁ oné week later by a similer injeetion of the same amount as
given previously to each rebbit, The vebbits were then bled 14 days
--ia‘lm‘_. The antiserum cbteined from these rebbits was not satisfactoay
Some difficulty was experienced in trying o obtain a suitable rabbit

. pntiserum against pig globulin, end this will be discussed further in

the next seetion.

5. Blood srouping technigues: A1l whole blood obtained from
isoimmunised sows was left in the refrigerator at 44 C. for three %o
6}1:" hours before spinning down cells and decanting the antiserum,
Bris was %o enable any naturally cceurring cold autosantibodles
esent to bind on to the red cells and therefore be removed from the
gerun on spinning down the cells, An sliquot of each antiserua to
| a investigated was then serislly dilubed in 0,9% saline, either in
.:. 1ing dilutions from 1 in 2, or trebling dilutions from 4 in 3.
e latter was eventually preferred and adopted routinely, because it
pave sharper end-points, and was slightly ﬁore egonomical on antiserum,
Cells from the donor pig and from the animel ylelding the antiserum
were then tested sgeinst the serially diluted serum, The inelusion
bf the recipient's omn cells acted as a negative control.

Three standard techniques for the detection of antiboedy
were investigated end used in this study, The techniques used werej=

"h/
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1. Seline agglutination

2,  Anti-globulin (Coombs) test

3, Haemolytie test

1. BSaline agglutination This was the first test to be

applied to eny antiserum and it was carried out at two different
temperatures, that is at room temperature (18 - 20°C.) and at 37%.
The use of unheeted antiserum helped to preserve whatever complement
factors there were present, and this allowed one to observe whether
any of the antibody present besides being agglutinating was of a
haemolytic nature as well. If haemolysis did occur it only appeared
in the first two tubes. After this screening test, the antiserum
wes then heated to 56°C. and left for 30 minutes at this temperature,
It wes found thet this was suffieient to remove the complementary
effect of the pig serun. The saline agglutination tests were then
repeated on the heated serum, and the other blood grouping techniques
weve applied when possible, In the isoentibodies to be deseribed,
there was & slight difference in the effect of temperature on the
resction of seline agglutinins, also a2 slight drop in the titre of
the antiserum sfter heating to 56 °C. The following example illus-
trates this effect:~
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Two methods were investigated for detecting saline
sgglutinins, The first method used was the slide test. Pleces of
white vitrolite glass measuring 1_.3%" x 61" were cut, and each piece
was then divided into 72 x 1" Qquaz.'ea by means of a earborundum
|wheel which eut mova_a' of 1/40'- wide by 1/32" deep, Thus each tile
. haﬂé vows of 12 x 1" squares, which thereforse ensbled one to use
one row of 12 squeves for one antiserum in ten serisl dilutions with
|a saline sontrol, On any ome tils, cells from six individuals could
be_. tested ageinst one antiserum in serial dilutiom. Ceonversely,
six inaivmun_l antisers in gserial dilution could be tested against
¢ells from one individual or each tested separately esgainst other
cells,

- For each test, aliquots of red cells were washed in fresh
saline and then spun in the ecentrifuge, Between each spinning the
saline was removed by suction and the cells resuspended in fresh
saline, At the end of the third wash the cells were spun for 30
minutes to pack the cells, A measured amount of these packed cells
were sueked up into a pipette, and resuspended in s known volume of
seline to meke s 2% suspension, This 2% suspension wes used in the
direct test sgainst the serially diluted antiserum,

A pipette calibrated to give a volume of epproximately
«03 ml, with esch drop was used to put out the entiserum and the
suspension of red cells, One drop of each dilution of antiserum
wes mixed with one drop of the red cell suspension on each 4" square
on the tile. The mixing was completed with the cormer of a miero-
scope slide,

At /




At room temperature the plate was rocked gently for 15
mﬂ.lnﬁtes, and the reaction read by means of a hand lens, After this
| time at room temperature, the mixture began to dry out and the cells
stuck to the bottom of the plate.

; For tests at 37°G., the whole slide was placed in an
incubator on top of a blotting pad soaked with water as in the

technique described by Simmons et al, {1943). It was left at this

| temperature for 30 minutes, then taken out end read as above. There
was no appmnt evaporation during this period.

| m other method investigated end finally sdopted routinely

| was the ﬁeaﬁa-tnbo technique. .A.ﬁner bore Pasteur pipette ca.pabie

lof ﬁelinri#g approximetely .015 ml, with each drop was used for this

:'tes.'l;. One jarop of the cell suspension was mixed with one drep of

[0y Faws saim tn the obion GF & Mexll ibe masavFing § me. Ditermd

| diemeter and 50 mms. high., The two were mixed by shaking the tube.

| These tubes could be left for two hours at room temperature in &

| 2avge metal reck espeble of holding 600 similer sise tubes. The

| whole reck could also be placed for & 'similar period in a lerge

| weter bath at 37“0., 50 that the tube; wre one third immersed in the

uater. There was no eveporation during this time, The reaction

in each tube was estimated by very gently sucking up the contents

i :I.n‘bo_ a long_ wide bore Pasteur pipette, then spreading them out

" amﬁﬂly on a microseope slide, Each reaction waes then interpreted

under the low power of the microscope. This technique proved more

|valuable than the slide test, beceuse it allowed a simple score

|Bystem to be adopted for reading the degree of agglutination present,
The /




The score system adopted is shown in the teble below:~-

Iy | _ £ oell
« = 10 visible resction ) 0
0 = very occasional clump of 3 or 4 cells 1 - 5%
e mallclmpaufﬁu'éulls~80%of '
: cells free , . 20%
2 = small clumps of cells more numerous X
then 1 140%
B u levie mwps of wils \r.l'bh meamm
number free _ 60%
& = very large #lusps with the ocecasional
free coll 80%
5§ = large nbroken clumps with no free cells 100%
2, Anti-globulin (Coombs) test This tost was devised by

éombs, Mourant and Race (1945) for the dsteetion of the incomplete
sgglutinating, Rhesus antibody. Unlike the complete agglutinin,
whieh operates in two stages, by first combining with the reéiprueal
ahtigen on the red gells, and then bringing the cells together in a
clump in the second stage, the incomplete egglutinin only accomplishes
the first stage. So that the cells coated with antibody (which is
usually a Y-globulin) cen complete the second stage, it is necessary
to introduce a further antibody, that is an anti-globulin serum,

The type of anti-globulin serum used depends on the species from
whioh the antiserum goeting the cells was obtained, For the detec~
tion of incomplete agglutining in pig antisera, an anti-pig globulin
serum was necessery. The methods used to obtain suéh an anti~
globulin serum in rabbits are described under the section on hetero-
immunisation. As mentioned in this section some difficulty was
experienced in obtaining such a serum, and consequently, the anti-
globulin /




globulin test could not be spplied to s everal of the isoantisers
first im*estigaﬁ&.
. At this stage, it was not known whether the fault lay with
the immunised rabbits, who had not produced anti-pig globulin, or
with the isoimmunised pigs, who had not produced incomplete
agelutinins, To establish that antibody to pig serum had been
produced by the rabbits injected, ager gel diffusion on Ouchterlony
plates was set up. Serum from four rabbits injected with pooled pig
serum was placed in the four outer wells of an Ouchierlony plate,
and allowed to diffuse at 3?°G. against penlea pig serum in the
centre well, The results of such a test are shown in Photograph
No. 1.

The presence of precipitin bands indicated an antibody
response %o the pooled pigsera. However, this did not indicate
which component(s) of the pooled sera were being precipitated by
the rabbit antisera. To establish which components were being
precipitated, the immunelectrophoresis technique of Grabar and
Williems (1953) was adopted. By elestrophoresis, the pooled pig
sers was separeted into verious fractions in the agar gel., The
various rabbit antisera were then plsced in grooves cut in the gel
running 8 mms, apart and parallel ¢o the line the pig sera had
followed, As shown in Photograph No. 2, long precipitin bands were
present in the region corresponding to the f1, f2 end y~globulin
zones, as deseribed by Hirschfield (1962).

Rabbits Nos. 3 and 105 sppeared to give the best precipita-
tion in the Y-globulin region, and their antisers were used for all
the enti-globulin tests. Subsequently, whean pig antisera containing
incomplete antibodies were cbtained both rabbit anti-pig globulin
sera showed maximum titres of 1 in 4,02} when tested against sensi-
tised /
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Photograph No.l.
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Photograph No.2.
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tised cells.

I To prepere the rabbit anti-pig globulin serum for the test,
it was first heated to 56°C. for 30 minutes to destroy complement.
When cool it was ebsorbed with a mixture of type A and O cells at a
ratie of 1 of eells to 1 serum at room temperature for 30 minutes,
| This was to remove the species antibody, which was present in the
rebbit serum, The absorbing cells were washed thoroughly with fresh
saline at least six times before sbsorption. This was to remove any
trace of } -globulin which might be present in the washed cells.

Even a smell amount of) -globulin is sufficient to neutralise the
Xﬂglabulin antibody present.

For the test one drop of .03 ml. of a 5% suspension of
cells was mixed with .03 ml, of the antiserum dilutions in 6 x 50 mm.
test~tubes. The tubes were then one third immersed in a water bath
at 37%C., end left for two to three hours. At the end of the
ineubation time the tubes were spun in a centrifuge, and the super-
natent serum carefully removed by suction, so that the cells were
left in the bottom of the tube. The cells were then resuspended in
e small volume of saline, and then briskly washed by squirting in
under pressure a jet of saeline from a polythene wash bottle. This
suspended the cells in a large volume of saline, They were then
spun and the whole process repeated three times., After the final
spin the supernatant saline was removed by suction leaving a small
button of cells in the bottom of the tube. These cells were resus-
pended in .05 nl. of saline end then mixed with .015 ml., of suitably
diluted, absorbed snti-globulin serum. The tubes were left at room
temperature for 30 minutes, and the reaction was reed by spreading
and / .
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and inspeeting the contents on a miecrospope slide under the low
power, ag for the saline agglutinetion test. Fine clumping of the
¢ells was observed in a positive reaction, The coarse clumping
associated with a direct agglutinin was never seen, and using the
seoring system adopted for measuring agglu ination, the maximum
score rarely exceeded three, -

To obtain the optimum dilution at which to use the anti=
globulin serus, it was standsrdised against each individual antibody

#s recommended by Dunsford and Grant (1959)s This is shown in the
example for Antibody No. 13 below:=

ol Dilutions of R3 anti-pig |,
|7 globulin serum 4 in | Oeis din
T A e
Domer B3-255 [ 14n 3(3 3 3 3 2 1 - -
gells sensitised " g2 2 2 ¢ 1 0 - “
with Antibody LI B T8 S IR IR - SR - i
HO! 13 diluted : u e ‘e.a* 1 44 1 - - - - 1
st L B e -
A8l 57 eolls = - ”

For intibedy Ho. 13 fe actusl @ilution of R3 anti-pig globulin
serum gelected was 4 in 20, & '

3. Haemolytie E st The standard 'three drop' test wa# used
for detecting haemolysins in isoantiserum. A Pasteur pipette
¢apable of ﬂnlivering «015 ml, drops was used to put out in emﬁ
tﬁﬁe om drop .af each serial dilution of the antiﬁorm under test,
After washing 'Ehmughly in distilled water and saline, the same
pipette eould be used to add to each tube one drep of the test cell
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suspansicz;.‘ A weaker suspension of cells estimated af 1.25%
concentration was used for this test. To overcome making=up
__sgspensions to this concentration each %ime, & gtandard reading was
taken in the Eel Colorimeter against a red riltér__. £11 subsequent
test cell auspangions were diluted to this standard, Tubes of

6 x 50 mm, size were used 28 before, amd held in metal racks capable
of holding 600 tubes. The antiserum and the cells were thoroughly
mixed by sheking the tubes by henmd, After washing the same pipette
again, one drop of complement was added to each tube and 211 tubes
shaken thoroughly as before. Complement in the form of fresh

- | guinea~pig and fabbit serum was used, and their complementary effeet
was compared at different dilutions and temperatures. This is
shown in the example below testing donor 254 cells against 1859

entiserum:-
Roon tempersture (18+20°C,) for 6 1
B . T
Dilutiom of Antiaam
1ind1 3 9 27 81 243 729 2187 (' S |Score
Dilutions of 1 S B kY ;. AR AR S o B
Guinea-pig 2 Bl ol B e - - «| 27
complement 5 Gt s e REL RN S - e el e
10 5 o e 2 - - - = 27
_ AR TR S VR 5 RS TR
Dilutions of 1 5 5 5 85 5 B 5 - - = 35
Rabbit 5 5" 5 "5 5 o e e 35
complement 5 Bicir S Bl 58 08B - = =| 35
10 5 - NPR. IS SN 2 - = = 32
20 0.8 885 8 8% F(wowowlo N




" Dilutiens of Antiserum |
oo wiElhda S 9 27 .84 063 T29 2187 €' 3 | Seore
Dilutdonsof 1| 5 55 5 5 4 2 - = =| 3
Guinea-pig 2| 5 55 5 5 & 1 - - -| 30
complemanti UG S v BB DG BT i e e il 29
PRI | 6T (ST TG O S R - - = «| 26
. R R e, SRR VR SRR I AR, UK SIS o e ]
ilutions i A stk Yt it e i i Sl e 1
-’Ra.bbit S Bl 5. 5 5 B 5 5 5.' A T AT 35
|| oomplement . 5| 5 55 5 5.5 4 = = = 3%
sl 8. 8 8§ 8 8§ 3 w43
”2'0. . e 8 5'5'#’"'-— - - «| 29

Inereasing tha tampera.tura appeared to mprm tha .
Iieanplmntary affect of guinea-pi.g serum, but this was still not es
355_;-:.':-'; :effaat:lve 8s rabbit serus either at room tempersture or 37° c. For
routina tcatins :!uh neat rabbit serum wes used as a sowce of
complenent‘ It was n.bnuu‘bad wi.th typa A pig cells at #4°C, for 30
 |minutes at a ratio of one volume of eells 4o faur volumes ef servm,

: f'l‘his was to yemove tho natura.uy oeemins antihady, which cross

: _maetad with pig ﬁy‘.pe A cells, and the species antibody. The serum
wa{a-atmd in smell volumes in iu‘hes et =15 to -20%, Ian& thawed out
repidly at 56°C, before use. Its potency did not eppear to decline
after six months' storage, but after this period fresh serum was
 |obtained again, and the old was discarded.

With each haemolytic test, two negative controls were run

: ._ routinely., The first tube omitted antiserum, but contained two drops
~ [of complement to one of cells, This tested the effective removal of
. natural /
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natural and species antibody within the complement, The other tube
contained two drops of saline with one of cells, and this acted as a
control on the tonicity of the unsensitised cell membrane to with-
stend the test.

The stendard test was conducted at room temperature end
the rack carrying the tubes was placed in a mechanieal shaker, which
automatically shook for one minute at the end of each hour., This
ellowed the sensitised cells vhich had settled at the botiom of the
tube to come in contact with more complement, which was always
| present in excess, To find the optimum time for conducting the
test, readings were taken every hour for four hours, then the test
was left at 44 C. for 12 hours and read again, The graph in
Figure 41 shows the effect of time on the haemolytic reaction obtained
with one antiserum against two different reacting cells using neat
rabbit serum as complement,

In 211 the hsemolytic tests a scoring system was adopted,
which was very similar %o thaet described for the agzlutination tests.
The degree of hesemolysis was scored from 0 to 5, which was assessed
by eye and corresponded to a range of haemolysis of 10 to 1004, A
m.ﬂ.dsl to the percentage of haemolysis was the amount of unhaemolysed
cells left in the bottom of each tube.

6. f entiserum: If one animal does not have anti-
genio factors A, B and C on its ved eells, then theoretically it
should be capeble of producing antibody to each of these factors,
. when ¢ells of asnother animal carrying factors A, B and C are injected.

Ideally, /
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Ideally, this may depend on the antigenic stimulus of each anﬁgen
and the entibody response of the recipient. However, in all cases
of immunisation if the donor antigens are known, then it can be
postulated what antibodies might be present in the antiserum,
Sometimes, besides the known factors, there may be several unknown,
and in other circumstances, all of the factors injected may be

' unknown.  Before a specifiec antibody to one factor can be _isoi\l?ted
and used for blood grouping purposes, the antiserum from which :H; _
originated hes to be fractiona ted by absorption with positive react-
ing cells,

() Antibody sbsorption If positive reacting cells are mixed
with an antiserum, the antigenic factors on these cells will combine
with their opposite antibodies in the antiserum. ' On spinning down
the cells and removing them from the antiserum, they will extract
the antibodies with which they have combined, This leaves in the
entiserum all other antibodies with which the cells did not combine,
Thus in the case of the hypothetical antiserum conteining entibodies
A, B and C, if cells carrying factors A and C are mixed with the
entiserum, antibodies A and C will be removed leaving antibody B
glone in the antiserum, This is the ideal type of absorption to
find, beceuse the fraction of the antiserum which is left will only
combine with cells carrying antigenic factor B,

If, however, cells of type A, B and C are used for
sbsorption, then the antiserum will be completely exhausted «f all
isoantibodies. This type of absorption occurs when donor cells are
used to sbsorb the recipient’s serum,

For /
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For routine shsorptions, eells were washed three times in
saline, then packed in the bottom of a tube by spinning at 1,500 G
for 30 minutes. The supernatant saline was removed and an equal
. volume of antiserum added to the cells, They were mixed and lef
to stand at room temperature for 30 minutes with oceasional remixing
during this $ime. = After spinning again at 1,500 & for 30 minutes,
the serum was carefully removed with a Pasteur pipette and transferr-
ed to a eclean container, Often the process had to be repeated
three or more times using fresh cells each time, before the antiserum
was exhausted of all sntibodies to the sbsorbing cells. The final
gbsorption ratio was caleulated by dividing the wolume of antiserum
sbsorbed by the totel volume of cells used during the whole sbsorp~
tion proeess, Neat serum insctivated at 56°C. for 30 minutes was
used for absorption,

(b) Matrix analyses This was the prosedure adopted in the
isolation of the specifie antibodies deseribed in this dissertation,
It is :;baaad on)the method described by Hall (1955). Cells from the
rerere\:_we panel of sows were used in the first analysis, If the
donor and recipient animals belonged to this panel, then the hypo=-
thetical antibodies could be postulated, However, in instances
where either one or both blood types were not known, then the
veference panel was used to try and assess what antibodies might be
present, As an example of analysis, the frastiona'l;ion of antiserum
254 is given as an example,

Antigenic factors A, E-f an&lb were the potential antibody
stimulators in this instance, Animals from the reference panel
having cells which were positive for either one of these factors
alone, or in combination, or eompletely negative were selected. WNo
animals /
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eniuals were aveilable, which were E, +ve and K.b ~ve, but the
converse types were present,  Cells from the doner and recipient
were glweys ineluded in esach enalysis.

The selected panel were tested asgainst serisl dilution of
entiserum -25&, and their sgglutination scores moted, Aliguots of
255 entiserum were then separately sbsorbed by each positive acting
cell including the donor, also one negative ¢ell and tie recipient's
own cells. These aliquots were them serially diluted and each
| tested in turn sgeinst fresh cells of all the enimals used in the
| ebsorption metiix. The results are shown in Table L.

fhe ii'om'thia.table it 'ds logical to assume that each absorbed

aliquﬂt'will. only contain antibodies egainst factors not present fin
the sbsorbing cells. As non speeific sbsorption nay be a/pe__tential
factor, the absgorption with a negative reacting ecil wes .1:;§1uaad
' as a eenh*&l;, . In the case of the aligquot absorbed with 1557 cells,
- &ll the known sntigenic factors A, Ep and X, were involved, but
 entibody wes still left ageinst cells 9091, 8457 and the donor,
'Ihis indiecated thet other unknown factors on the donor's cells ha.é
. stimulated antibody formation. The absorption with 9091 cells,
however, still left antibody for 8457 cells, and vice versa., It
wes therefore logical to assume as the only known common factor
_ involved for these cells was -Eb, that in fact they each had a

' ﬁn’thar unrelated antigenie factor, which must also he present on
the donor's cells.  These factors may be referred to 28 X end Y
for the meantime, It can also be assumed ghat antibody to factors
A a:m‘ixh were present due to the reaction of cells 563 and 262
respectively. Although antibody for factor E, has also been
postulated, /
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Teble 4

Antiserum 254 absorbed with cells

P
Test Cells § Antigens on Cells

i s

P~ M 0 - oS, 1 o
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563 I b = - = 4 - L - - Kb - -
255 e L s e B 38 o F 4 |Fn sE o 5 e
#9091 41 118 =~ B4 2-15 » 9| - -~ E X =
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Table 5

Antiserum 254 @ 8,57 @ 262
absorbed with cells

Cells Antigens

g g - g

0 o ] =]

i (o] P~ (=]

E N ﬂ' £
1557 R SR S T
9091 1 - 12 - - X
4731 = 13 - - E o -
Donor 12 1 16 - Ej‘ 44

£
X - X -

Proposed sntibodies
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postulated, this could not definitely be assumed until further
ebsorptions were aarr:lod. out, As antibody to factor E, was required,
antiserum 254 was sbsorbed with eells 8457 and 262 to remove factors
4, X ond Y, The sbsorbed antiserum left was then divided into
aliquots and each absqrbgd agein umtely by the three sells
earrying factor E, and 9091 ecells carrying factor X, then bested
back as before, The results are shown in Teble 3.

'i_'hia matrix confirmed the presence of anti Ef, also &
further anti‘bga;r ageinst factor X, By the seme process, absorption
with 4731 and 9091 eells would probebly have yielded an antibody to
factor Y. Héuever, the amount of antiserum limited the extent to
which it could be used for yielding adequate amounts of speeifie
antibody. Antiserum 254 absorbed with cells 8457 end 262 was
therefore divided into two equal volumes, and each absorbed separately
one with 9091 eells and the other with 4731 eells. To further test
| the unit aﬁeo‘lﬁcity of these absorbed portions, .amh was serially
diluted and tested against 20 pigs from as veried & population as
could bel obtained. Slmshferiiéuae blood had sometimes to be used
for this purpose, but it was not completely satisfactory, beecause
of its poor keeping quality, and permanent loss of the source.
| Aliquots of the absorbed sera were further sbsorbed with all the
pqﬁiﬁﬁ cells and one negative cell, also the donor, recipient and
61’10 other known cell, then tested back as before, The results are
shown in Tgble 6 for one fraotion of the antiserum, which was first
ebsorbed uiti;_ 8457, 262 and 9091 cells.

This /
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This table indicates that within the population of cells
- used, this antiserum could not be fractionated bny further, and
therefore, was believed to contain an antibody speeific for factor

E It was called Antiserum No. 11, Although tentatively accepted

oo
ot this stage as 2 specific antibody the next seection on reauj.ta
will endeavour to estsblish the specificity of this antibody, and
all the o'_li,her antibodies iéolated by a_.’_milar methods,
3+ EXPERIMENTAL RESULTS:-

1o Antiserum No., 1 Sprague (1958) quotes in his paper,
that in 1955 (Sprague, 1955) he established that the A, J and R
soluble substances of the pig, ox and éheep respectively, cross
| reacted with the Anti=J found to occur naturslly in the serum of
cattle, He tested blood samples f‘rouc;.- 217 pigs with anti=-J and
found that 94 samples were haemolysed by this antiserum, and the
remainder were not, In this wéy he was able to classify pig cells
into type A and type O respectively.

To confirm this observation and use anti-J serum as an
antibody for the detection of pig type A substance, several cattle
were bled to obtain s suitable antiserum, Details of the fractiona=
tion of their sera are given in Appendix B (i).

The final antiserum obtained and called Antiserum No, 1,
wes from cow MZ 206B, This serum was tested against eight celis
from the reference panel, of which two cells were Asve and the

remainder were A-ve, The results obtained are compared in a 2 x 2

contingency table:-




Reference Panel
Adve A=ve
¥z 2068 *Ve 2 0 2
NPV e O 6 6
2 6 8
PP = 20 6 6y 27 x B,
gl | 21 6! 0! O}

The exact probability of the results being due to chance
alone is /28,
Qualitative resction The first step in esteblishing the specificifar
of each antibody was to see if it would clearly classify a popula-
tion of animels into positive and negative groups. Figure 2 shows
histogrems of the frequency and strength of reaction of Antiserum
No., 1 against two different groups of pigs using two different
titrations of the antiserum, The actual number of animals tested
and the mean reaction score and standard deviations of the antiserum
are given below each histogram, The results indicate that the
reactions were qualitative,
Inheritence of the A substance Having established that Antiserum
No., 1 detected the A substance of pig blood, the hypothesis that it
was controlled by a dominant mendelian gene was now tested. A
table showing 21l the possible phenotype matings among families, and
the distribution of the character in the offspring according to sex

and their reaction is given below:-

Table 7 /
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Table 7
Parents Offspring E
: (o]
Bt t -,
Phenotypel 3 9 ¢ 2 %s e =]
mating 4 pH @ - .§
No, No, |[Obs. exp.{Obs. exp.| Obs. exp.|Obs. exp. A
e | 5 9148 45| 0 .3 29:.. 26| 3 “6l|&7 3| 59
+ - 5.-8 | 19 1% 613 | 18. .13 6 11|37 12| 49
-+ hisE 7 6 L 5 8 8 6 615 10| 25
i RIS T L s S ) 0 41 4i 0 0_ 75 73| O 1114

TOTAL 238

This teble clearly shows that the gene controlling the
factor A was dominant, because there were no positive offspring
resulting from matings of double negativ; parents, Only in those
instances where one of the parents was positive appeared any
positives among the offspring.

Celculation of expected distribution emong offspring Assuming thalt
the genotype of the genes controlling the A factor within a popula-
tion to be AA:Aazas, then it is possible to calculate the gene
frequencies of the 'A' and %a' gene having a knowledge of the propor-
tion of 'aa' individuals within a populstion., In the phenotype
distribution the negative class of animals could be assumed to
represent the 'aa', or double recessive animals. To calculate the
exp.soted distribution of negative and positive off'spring from the
gene frequencies, one has to assume that the matings were random,
The matings in the above table were not completely random in that
the Large White breed was represented by several families, and boars

were uged in more than one mating., However, a2 s approximately half

of /




c.>f the populsation contained femilies resulting from a gene pool
mixture of four different breeds, it therefore seemed reasonable
material on which to test the manner of inheritance of the A factor.
The genotype distribution of the parent population was
caleulateds A totel of 63 parents were involved of which L3 were

~ negative for the A factor 1=

AA As aa
oTYlE = ,n.-@:\. =
Geng frequencies 0p302 0,287 0,681 b
Calculated number of parents 5 18 i3 7 = 6% pavents

within population
The expected frequencies for the offspring resulting from

the different genotype metings of the parent population are given
beside the observed figures in Tgble 7.
Backeross matings To complete the inheritance study of the A
factor, the classical backeross mating was investigaj;:ed to establish
the dominance of the A gene in the heterozygote. As only one
generation of family material was aveilable, the heterozygote genc-
type had to be assumed on the basis; that matings between a positive

and negative perent will produce at least one negative offspring:~

i.e. LAyve A=ve Phenotype class
AA/ 22 X 2%/4® Parents genotype
A, a8 ay,A a,.8 &,,8a Offspring
AT/A A/A A"/A AT/A senitybei
it 5 g 1. Ratio

e /
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The: segregation results shown in Table 8 do not fit a
one gene hypothesis ahsolutelﬁ, and the possibility of Antiserum
ﬁo. 1 detecting two facltors instead of one should not be over=
looked. If a two gene hypothesis is considered, then matings
between a positive parent heterdzygous for two facbors and a
parent negative for both factors, where linkage between these
factors may or may not exist, the following ratio of positive to
negetive offspring could be expected:-

Phenotype mating
AevvesBéve ? A=vej;B=ve,
Genotype mating

2%/, 5B/8P % A%/a%,8P/pP

Offspring genotypes

Aatat  BAatasa®  CaRah®  Aabats?
'
Ratio of +ve to =ve
3 positive H 1 negative
If the deviations from the observed values in Table 8

and the above expected figures are re-calculated in a Chi-squared
htest, then the level of probability is as followss:=

Noe of offsprin
+ -

Total observed 338 19
expected 39 13

Ki - Loz E)2 & (0= E)
B
= 0:92 & 2,77

P = Between 0,10 and 0,05,
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If a positive boar was mated to more than one negative
sow, then his heterozygosity was based on the evidence within any
one family., Proof of his heteroszygosity automaticslly included
21l other families where the mating was a backeroes. Matings
between positive sows and negative boars were also included, if at
least one of the offspring was negative for the character. The
results of all backcross matings are given in Table 8. Deviation
from expected is calculated in a Chi-squared test and the level of

probability given:-

Table 8
Ba.ckgross mating No, of offspring
) :
- ..'. -
No. 2 5 18 9
- +
No. L 6 15 10
Total observed (331 19
expected 26 26
Kty (©=8)?°  (0-m)?
- B B
= 1‘88 + 1.88

37 Tor 1 a.r.

il

P = Between .10 and .05

The segregation results indicate that the gene controlling
the A factor behaved as a simple mendelian dominant, The chi=
squaredtest applied was taken from Fisher (1950), wheref 4 SE-)S;;.

Subsequent results reported for the other specific anti-
sere are based on a similar interpretation to that presented for

Antiserum Noo 1-

2y f
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2, Antiserum No, 2 Obtained by isoimmunisation of sow AP8914
with whole blood from sow WL9091. Details of the fractiénation are
given in Appendiz B(ii).

The reaction with ten cells from the reference panel of
which two cells were Eb +ve and the remainder were Eb negative are

compared in a 2 x 2 table,

Reference cells

Eb Ve Eb =7e

e 2 0 2

AP891L.
-ve 0 8 8
2 8 10

The exact probability of the results being due to chance
alone is 1/45. This suggested that Antiserum No, 2 was capeble of
detecting character Eb.

Freguency and strength of reaction The histogram in Figure 3
indicetes that the reaction was qualitative.

Inheritance of Factor Eb?“ Table 9 gives the observed distribution

of of'fspring resulting from the different matings:-

Teble 9 /
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Fig.3.

Frequency and Strength of Reaction
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Table 9
Parents 0ffspring
Phenotype 4 % os! vs* Tatal Combined
mating & i L = % 5 total
No, No, | Obs, Obs,| Obs, Obs,| Obs, Obs.
iy o2l 68 B3| 72 kilass.7 142
. SRR 5 7 5 5 21 15 26 20 INS
o g rpl gl noaald s TR a8 25
TR R 2 3 0 6 0 12 0 18 18
TOTAL 220

Because of seven positive offspring appearing in one
family, where both parents were negative for the character, complete
dominance of the gene controlling the Eb factor could not be accepted
on this femily data, Unfortunately, both parents had been
slaughtered before the of'fspring were bled and typed, and therefore
could not be re~typed., On further enquiry it was found, that during
the time of mating there had been a breakout of boars, and the
possibility of another sire being involved could not be dismissed.
The guilty femily has been omitted from Table 9. If the results
for this one family are overlooked, then dominance must be present.
Backeross matings Results are given in Table 10,

Table 10 /
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Table 10
Backeross mating No. of offspring
é ?
+ - +
No., 1 clae ey 7
: Totel observed 9 27
expected 18 18
X2 . 0-2?° . (0-8)°
= B B
= l}-05 e 4-5
= 9.0

P = Between .01 and ,001
The segregation results shown indicate that further back=~

cross data is necessary before it can be esteblished that this
faetor is controlled by a dominent gene., A certain smount of bias
was introduced in the mating date given in this ta.bl_o, because the
of fspring from two sows mated to one heterozygous boar were all
negetive, Also, one of these families was represented by only one
vieble off'spring, The section on discussion on results will show
that Eb was a contrasting factor to Ee, and the distribution of
segregants within femilies for these two factors will be given,

3. Antiserum No, 3 Andresen (1959c) has shown that rabbits will
produce specific antibody for the antigens of the K system, To
confim this work, six rabbits were immunised with washed cells from
sow TH 203, which had antigen K‘b' The antisera they produced were
absorbed with cells from sow TH 262, which was recessive for the K
system, The serum from rabbit No. 114 was believed to contain

antibody /
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antibody for Kb’ and was celled Antiserum No., 3. This assumption
was based on the fact that all the animals in the reference panel,
except TH 262, were Kb positive, and reacted with this serum.
Therefore, the possibility of anti Kb being present in the serum
could not be excluded, It will be shown later in the section on
the Ames Comparison test, that this antiserum was in fact detecting
factor K, . Details of the fractionation are given in Appendix B
(111).

Qualitative reaction Two histograms are shown in Figure L. No. 1
histogram illustrates that for the first group of pigs studied the
reactions were not qualitative, and further fractionation of the
antiserum was found to be necessary, This point is explained in
Appendix B(iii), After asbsorption and test in a further matrix
analysis, the new fraction was able to classify animals clearly
into negative and positive groups as shown in histogram No. 2.

Inheritance of Factor Kb Table 11 shows the observed and expected

figures for the distribution of offspring:=-

Table 11 /
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Fig-4-

Frequency and Strength of Reaction
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Teble 11
Parents Offspring o
42
Pheno= 3st Qs TQTAL 3
type 1] 8. R peem o
mating + - + = 5
: + - ,g
No, No. Pbs, exp,|Obs, exp.|0Obs. exp.|0Obs., exp. S
&+ 110 29| 60 58 0 2| 78 76 0 21138 0]|138
+ = y Bl 7 9 2 €] 43 20 8 11| 20 96| 30
-+ 3 1118 21 7 1| 37. 40 L 1| 55 11| 66
L f,. 4 B e
TOTAL 238
AA Aa aa
Gene fregquencies 0,681 0,288 031
Calculated No,
within parent = 43 18 2 = 63
population
Backeross matings
Table 12

Backeross mating No, of off'spring

3 g

+ - + -

NO. g 3 J-I~ 7
- +

No, 2 L .20 11

Total observed 2l 18

expected 21 21

X% 5 03 0 B3

= 0,86 for 1 d.f.

P

i

Between 0.5 to0 0.3

The segregation patterns in Table 11 and 12 support the

opinion that the gene controlling Kb behaved as a mendelian dominant,

ke [/
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ko, Antiserum No, 4 Like the previous antiserum, this was a
heemolytic heteroimmune entiserum. Six rebbits were injected with
cells from boar B3 - 1443 carrying antigens Ka and Kb. Absorption
with boar B3 = 1523 cells, which were Ka negative and Kb positive
left additional antibody in three rabbit sera, The additional
antibody in each case appeared to be anti-Ka, which reacted with two
out of six cells from the reference panel, The two positive cells
carried antigen Ka:-

Reference cells

Ka +ve Ka =ve
+ve 2 0 2
R 92
R 108) Sera -ve 0 L L
R 128
2 | L

The probability was equal to 1/16.

Although all three sera appeared equally effective in
detecting the K, antigen, serum R 108 was selected and called Anti-
serum No, 4., Fractionation details are given in Appendix B (iv).

Frequency and strength of reaction Figure 5 confirms a qualitative

reaction,

Phenotype matings and inheritance of factor K Observed and expected

distribution of offspring are recorded in Tsble 13:=

Table 13 /
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Fiq.5.

Frequency and Strength of Reaction
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Table 13

Parents Offspring o
2
Pheno- =1 3s? 28! TOTAL | 8
type d 9 o
mating - - + ; - A
i
No. No. [0bs, exp.|Obs. exp.|0Obs, exp.|0bs. exp. i
+ 4+ 6 9|12 i L 11 18 20 5 2| 3. 9. .59
+ = o ks 1 (R SO I o] (A 1 5| 21 .55 | ¥ 5| 28 30| 58
-+ 6 11113 17 7 s 1R W _27 15 5| 30 22| 52
- =] 6 16 39 39 50 50| 89 89
TOTAL 238

AA Aa aa

Gene freguencies 0.158 0.478 0,364
Calculated No,

within parent = 10 30 23 = 63
population

Backeross matings

Table 14
Backeross mating No. of offspring
3 Q
+ - - -
No. b 8 12 30
- +
No. 5 i 20 18
Total observed 32 L8
expected L0 L0
X * e 14k
= 3.2 for 1 4.1,
P = Between 0,10 and 0,05

The gene for the factor Ka was dominant in the homozygote

and heterozygote.
8. o/
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5. Antiserum No, 5 A saline agglutinin obtained by isoimmunisa-
tion of sow B3 = 1554 with whole blood from sow PL 8927, Details
of the fractionation are given in Appendix B(v).

The reaction of Antiserum No, 5 with seven cells from the
reference panel of which three cells were Ea +ve and the remainder

Ea negative are compared in a contingency table:=-

Reference panel

E +ve | E =ve
- 2
+ve 3 0 3
B3=1554
-Ve 0 L L
3 % =T

The exact probability of these results ocourring by chance
alone is 1/36., This appeared to indicate that Antiserum No, 5
could detect antigen Ea’ and subsequently the comparison test
confirmed this opinion,
Frequency end strength of reaction The histogram in Figure 6 shows
a qualitative reaction.

Phenotype matings and inheritance of Ea‘ Table 15 gives the

observed and expected distribution of offspring from the different
matings.

Table 15 /
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Fig.6.
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=-Te +ve
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Mean agglutination reaction = 12,5
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Teble 15
Parents 0ffspring :é'
(o]
Pheno= CEY Ps! TOPAL | *
type |4 9 g
mating + - + - ﬁ
: s =
No., No, Pbs. exp.|Obs. exp.|Obs. exp.|Obs, exp, =
+ 4 T 511 12 0 2 16 13 0 313 O 30
O L 6| 6 12 9 3 i 20 17 L |13 26 39
e % | 6 Al43 oo 4 &l 20 % | 17  7!3328] 68
- - 9 26 42 42 66 66 108 | 108
TOTAL 238
AA Aa aa
Gene frequencies 0,091 0.422 0.487
Calculated No,
within parent = 6 26 34 = 63
population
Beckeross matings
Table 16
Backeross mating No. of offspring
) Q
+ - # -
No., 3 b 8 20
- +
No, 5 8 22 28
Total observed 30 L8
expected 39 39
XZ = 2,08 + 2.08

The /

[

Le16 for 1 d.f.

Between 0,05 and 0,02
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The probability of the results in Table 16 occurring by
chance are greater than 1/20, which could indl cete that the dispro-
portion is slightly gfeater than expected,  However, one must again
consider the family material from which the backeross matings were
selected,  Two completely negative families involving two negative
boars mated to positive sows were included in this data.  This
agein biased the segregation observed in that the positive sows were
not expressed in any other family,

The distribution of offspring from the different phenotype
maﬁings indicated that the gene controlling factor Ea behaved as a
simple mendelian dominant,

6. Antiserum No, 6 This antiserum was obtained from sow W 1488,
It was one of several sera from Wessex sows investigated for anti-
body content spproximetely fourteen days after the sows were
injected with their second or third annual dose of crystal violet
vaceine,

4 haemolysin giving positive results completely in
parallel with Antiserum No, 4 was isolated, It was called Anti=
serum No. 6, and like No, 4, it appeared to be specific for antigen
Ka' Details of the fractionation are given in Appendix B(vi).

The histogram in Figure 7 showed that it classified pigs
qualitatively,

Inheritance studies on families and segregation ratios
are exactly similar to Antiserum No. 4.

7« Antiserum No, 8 One of two antibodies isolated from Wessex

sow W 989 after immunisation with cells from S 7881. The donor
cells /
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Fig.7.

Frequency and Strength of Reaction

No. Animals.

O

Antiserym No.6.

lin 3 dilutions
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Haemolytic Reaction

fn Z A3
1 3n % dilufiens

Antiserum No, 6

Nos., of enimals

Mean egglutination reectien

and 3.0,

=V +ve
27(14) 31 = 58
20,4
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cells carried antigen ?a, end this was the only member of the panel
to have the antigen, After fractionation, details of which are
given in Appendix B(vii), there was an antibody left which still
reacted with S 7881 cells, but with none of the other cells from
the reference panel, This fraction wes believed to contain.&nti—?a,
and was called Antiserum No. 8,

Qualitative resction The histogram in Figure 8 shows that the
reaction was qualitative.

Inheritance of Factor Fa Table 17 gives the observed and expected

distribubion of offspring from the different matings:=-

Table 17

Parents Offspring E

Q

Pheno= 3g" ?s? TOTAL 5
type & @ ?J
neting + - + - a
+ -| B

No, No, [0bs. exp.|[Obs. exp.|Obs, exp.|0bs. exp. S

3+ 4 1 1 0 0 0 0 5 5 2 2 |25 2 7
doct W g dl. S Wl x EEAE B 2 lorae -9
S I S TR oo B o B e e T T
- = | % M 7 47 A 413 113 } -190? 190

. “

TOTAL 238 .

AA Aa aa
Gene frequencies 0.009  0.172  0.819
Caleculated number

of parents within = 1 11 59 = 63
population

Table 18 /
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Fig.8.

Frequency and Strength of Reaction

Antiserum No. 8.
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- 56 -
Backeross matings
Table 18
Backeross meting No. of offspring
L) Q
+ - + -
No. i 2 7 10
= +
No, 3 4 12 12
Total observed 19 22

expected 20,5 20,5
K2 = 041 4 0.1

0,22 for 1 d.f,

Between 0.70 to 0.50

The segregation ratios show that the gene for factor Fa

P

behaved as a mendelian dominant,
Be tiserum No, 9 This was the other unit isolated from W 989
antiserum, The details of fractionation are given in Appendix B
(vidi),

A weak saline agglutinin of titre less than 1 in 8, but
giving exactly similar reactions to Antiserum No., 5. In over 40O
enimals grouped with these two antisera the reactions have been
completely in parallel without exception. Consequently it is
believed to be anotle r antibody capable of detecting factor Ea'

The histogram in Figure 9 shows that the reactions were
qualitative,

All inheritance studies are exactly similer to Antiserum
No. 5. '
9. Antiserum No, 10 Obtained from WL 9091 serum after immunisa-
tion with B3-25. cells, Fractionation details are given in Appendix
B(ix).

on /
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Fig.9.

Frequency and Strength of Reaction

Antiserum No.9S.

6" lin 2 dilutions

30+

No. Animals,
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o

(o) S 10 15
Agglutination Reaction

Antiserum No, 9

=ve ve

Nos, of enimals 61 23 =
Mean agglutination renction = 6.7
and S,D, = 0,71
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On testing against the reference panel, seven cells with

antigen Ee were positive, and one cell which did not have E  was

negative, The eract probability of these reasctions recurring by

chance is given in a 2 x 2 table,

Reference cells

Ee Ve Ee =ve
WL 9091 e 7 o 7
Antiserum Fa 0 1 1
T 1 8

The probability wes equivalent to 1/80, This meant that
Antiserum No. 10 appeared to have a specificity for antigen Ee'

Freguency and strength of reaction The histogram in Figure 10

shows clear negetive and positive groups.

Inheritence of Factor Ee The observed and expected distribution

of offspring are shown in Table 19,

Teble 12
Parents Offspring
Pheno= dg!? st TOTAL
type | 8 @
mtins -+ - + "

No. No. [0bs. exp.|Obs, exp.|Obs. exp.| Obs. exp.
+ #| 7 1529 32 6 5] 4B 49 A g

% Combined total

5 301 6 1 2 1 5 6 2 s T o o ) R
-+ 8 17|18 25 2 201 Se e AS L |56 22| 78
1 12 ey 25 _ . 51 1 57

TOTAL 238
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Fig.10.

Frequency and Strength of Reaction

Antiserum No.l1O.
40 lin 3 dilutiong

30
@

2
£°7
c
<
0
Z \0O

o 10 20 30

Agglutination Reaction

Antiserum No, 10
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eand 8,0, = +1.09
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AA Ag aa
Gene frequencies 0.383 0.472 0.145
Caleculated number
of parents within = 2k 30 | Aals Sl
population
Backeross metings
Table 20
Backcross mating No. of off'spring
3 ?
+ - + -
No. 1 1 3 L
e +
No. 6 10 2k 22
Total observed 27 26

expected 26.5 26.5
~2 = 009 + .009
= ,018 for 1 4.f.
P = Between 0.9 and 0.8
The facts are in agreement with the opinion that the gene

for factor Ee is & dominant mendelian gene,

10. Antiserum‘N9, 11 The deteils of frazctionation of this serum

were described in the section on Matrix Analysis. It was proposed

in this section, that the antiserum was capable of detecting factor
Ef. This specificity was confirmed by the /imes Comparison test.
Qualitative reaction The histogram in Figure 11 shows clear

division of positive and negative classes,

Inheritance of Factor Ef The observed and expected distribution
of offspring are shown in Tgble 21:= .

Table 21 /
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Fig.l1.

Frequency and Strength of Reaction

Antiserum No.ll.

87] | in 3 dilutions
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Agglutination Reaction

Antiserum No. 11
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Nos, of animals 91(4) . = 112
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m S_. n.' = :1.1!{-
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Table 21
- l-l
Parents Offspring i
Q
Pheno- sg" Qs? TOTAL
type | & @ ©
mating + - B - =
: + = =]
ho. No. [0bs. exp.|Obs. exp.|0Obs, exp,|Obs. exp,. S
RS R N T el o AR [ e RS S ER - S ) |
+ - 0 (4] 0 0 4] 0 0 0 0 0 0 0 0
- 4 6 6| 6 7 3 2 g 48 |1k 51145 17| 32
- - 14 L9 8l 84 o B A %y 17 4 _291 201
POTAL 238
AA Ag aa
Gene frequencies 0,016 0.222 0.762 -
Calculated number of
parents within - 1 1L B = 63
population
Backeross matings
Table 22
Backeross mating No, of off'spring
) ?
+ - + © -
No, 0 0 0
- +
No. L 2 12 13
Total observed 12 13
expected 12.5 12.5
7(2 = 0,02 + 0,02

Tables 21_and 22 indicate that factor

dominant mendelian gene,
. & VO

P

= 0,04 for 1 4.1,

Between 0.9 to 0.8

i

o

E_, is controlled by 8
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11, Antiserum No. 12 'This antiserum was obtained from sow 2554,
and is the second fraction mentioned in the section on Matrix
Analysis, It is believed that it detected an unknown factor
referred to as factor X, On testing against the reference panel,
this antiserum only reacted with the donor cells, and therefore
appeared to be a new factor, that is, it was additional to any of
the known antigens, Details of its flinal analysis are given in
Appendix B(x).

Qualitative reaction Like the other antisera, the histogram in

Figure 12 shows clear division of positive and negative classes,

Inheritance of Factor X Table 23 gives the observed and expected

distribution of offspring from the phenotype matings:-

Table 23
lParcnts Offspring =
+
Pheno- dg* s TOTAL 2
type |d 9 3
mating - - + - 5
. ¢ + = a
INo. No. [Obs. exp.|0bs. exp.|0bs. exp.|0bs. exp. {§
5w e et e Gl e e e TNl e el g
20 e A e S Sl E R B AR DS A
- ¢ 2 kb 8 2. 5 5 6 3 2110 18
- = |13 38 r i S 117 17 194 19&_
TOTAL 233
AA As aa
Gene frequencies 0,032 0,185 0.783
Caleulated number of
parents within 2 11 L8 = 61

populetion

Backeross matings /
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Fig.l2.

Frequency and Strength of Reaction

Antiserum No.| 2,

133, ) .
l | in 3 dilutions

A0 4
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)
(o,
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®) 5 oI )
Agalutination Reaction

Antiserum No, 12

~-ve +ve
Nos, of animals 139(6) 25 =
. liean agglutination reaction = 10.4

and S.D. = +1.13
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Backeross matings

Table 24
Backeross matings No. of offspring
& ?
+ - + -
No. __4 2 6 2
o +
No, 2 3 6 8
Total observed 12 10
expected 11 11
K2 e 009 + 009

= 0,18 for 1 4.f,
P = Between 0.7 to O,

The new factor X appears to be conirolled by a mendelian
dominent gene,
12, Antiserum No, 13 An incomplete agglutinin obtained from the
serum of sow AL - B4L57 after immunisation with cells from sow
B3 - 255. Fractionation details are given in Appendix B(xi). On
testing against eight cells of the Reference panel, four Ga Ve
animals showed a positive 'reactién, and the other four Ga -ve cells
were negative., The likelihood of this occurring by chance is
obtained from the 2 x 2 table:=

Reference cells

(}a $ve GrE -7e
e 0
Jﬂm't‘,ﬁ.sea.'c'a.nn)+v * : o
L L 8

The /




The exact probebility is equivalent to 1/70.

Antiserum

No. 13 was therefore believed to deteet antigen Ga’ a fact confirmsé

by the Ames Comparison test,

Qualitative reaction

division of positive and negetive classes,

Inheritence of Fgotor Ga

T

The histogrem in Figure 13 shows clear

Observed and expected distribution of

offspring is shown in Table 25,

Table 25
[ ]
Parents Off'spring o
o
Pheno- 3st 25" TOTAL |
type | & % ©
mating + - + - ;E
¥ =]
No, No, {Obs. exp.| Obs. exp.|Obs. exp.| Obs. exp, S
+ o+ 5 912 1 5 31 1% 20 2 L 127 14| 41
+ - 5 4|17 29| 18 6| 28 36| 16 8 |45 34| 79
e, TS e 19 3 $ Eag)rth b |15 25| 4O
- - 8 %7 26 26 52 52 78| 78
TOTAL 238
AA Aa ag
Gene frequencies 0,101 0.432 0.467
Calculated number of
parents within = 6 27 30 = 63

population

Backeross matings /
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Fig.13.

Frequency and Strength of Reaction
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Backeross matings

Table 26
Backeross matings No, of offspring
é ?
+ - + -
No, L 13 i1 il 3
- +
No, L v, 15 25
Totel observed 56 59

expected 515 575
X2 & 0,608 4 0,0%
' 0,078 for 1 4.f,

P Between 0.8 to0 0,7

1]

Antiserum No. 13 appears to detect character Ga, which is
controlled by a mendelian dominant gene,
13, Antiserum No, 14 An incomplete agglutinin obtained from Sow
TH 262 after immunisation with sow P 3760 cells, Details ere given
in Appendix B(xii), It was believed that an entibody to antigen
G.b had been produced, because all the reference cells were (‘:b
positive and reacted positively. However, there were no Gb nega=
tive cells available other than the recipients to confirm this
observation, Its ability to detect Gb was confirmed by the AMES
Comparison test,
Qualitative reaction The distribution of the groups in the hisdo- |
gram in Figure 14 is qualitative.
Inheritance of G’o
Antiserum No. 14 was isolated after completion of the typing of the

No segregation details can be given, because

parents involved in other inheritance studies.

he /
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Fig.14.

Frequency and Strength of Reaction
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4, TESTS FOR ASSOCIATION AND LINKAGE BETWEEN ANTIGENS:-

The family studies confirmed that the various antigenic
factors were heritsble, and therefore must be controlled by genes.
Some of these genes may be linked on the same chromosome, To
investigate this possibility, two different methods can be applied.

The first method is statistical, and inwlves testing the

THE occcukRemce oF )
independentce of’/‘each antigen against one anotler in 2 x 2 contingency
tebles, A null hypothesis is adopted by assuming that the distri-
bution of the numbers maeking-up each of the four classes in such a
THAT BY CHANCE ALOWVE,
table is not different fromn?xpectedh If there is a disproportion
in any class, then the probability of this occurring by chance alone
can be assessed, This probability only gives an indication of how
meny times one would have to repeat such 2 test before getting the
seme result again, If the probability is less than 0,05, however,

oTHER THANMN cHAWMCE
then it can be assumed, that some bias must be present to upset the

A
independence of either factor, By measuring the frequency of
occurrence of one factor against anotler in a random population, it
is possible to see where these two factors occur more frequently
together, that is positively, or where they occur infrequently
together, that is negatively. Either type of association may mean
some form of linkage.

By the second ﬁothod, either formof association can be
explained genetically. In the positive association, the reason may
be that two antigens are controlled by two genes on the same chromo=
some, Alternatively, in the negative association, one gene mey be

on one chromosome, and the other on it's homologue,

The /




The ideal type of mating to esteblish this genetic
linkage is the double backeross mating, As explained before for
the single backeross, a heterozygous type mated to a recessive for
the character should give an expected segregation ratio of 1 : 1
in the offspring. In the double backeross, animels heterozygous
for two antigens mated to double recessives will give a segregation
ratio of 1 : 1 : 1 ¢ 1 in the offspring. Referring back to the
positive type of association, where two genes are positively linked
on the same chromosome, this may appear in a double backoross mating
as follows:=

Assuming one gene to be A ;md the other B, their allelo=
morphs are called a end b,
€eBe Genotype natings

Ae/Bb x aa/bb

( Rece HEINAN TS -)

Expected off'spring )
piish Sl Aa/Bb Aa/bb aa/Bb aa/bb

Ratio 1. 1. 1- 1-
If the segregation ratios conform as above, then the
NUMRBER

genes A and B canmot be linked, but if the propemtien of Aa/Bb and

BIFFef e
a8/bb genotypes, or non-recombinants is significantly swesdes then
Aa/bb and as/Bb genotypes, or recombinants, then they 33;-’; linked,
Where it is found that the A and B genes occur together in the
heterozygote, they are said to be in coupling. Their genotype is
expressed as AB/ab showing that they are on the same chromosome.

The converse holds true of the negative type of association,

where the two genes A and B never occur together on the same

chromosome, /
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chromosome, except when crossing over occurs. In this case the
heterozygote is said to be in repuision for these two gzenes, This
genctype is expressed as Ab/eB, In this instgnce the ratio of
recombingnt type offspring will be significantly greater than noﬁ-
recombinants in a double backeross mating.

A knowledge of the proportion of recombinant to non-
recombinant classes in the offspring in cases where two genes are
known either to be in coupling, or repulsion will give an estimate
of ‘the percentage crossing over of the chromosomes carrying these
genes.l This cen be expressed as & linkage value referrved to as
the recombination fraction., ‘The closer two genes are together on a
chromosome, then the less chance there is of them becoming divided
due to crossing over of the chromosomes. The classifying of
closely linked genes or alleles for antigenic factors establishes
these factors in different systems,

— SQuAKEDL
1« Iests of independences: Chiﬂvalues and exact probabilities

were calculated where steted on ell the following 2 x 2 tebles:=-

Fector 2 or By Fector 3 or K

- - e -
Factor 1 + 29 12 L1 Fagtor 1 + 32 9 4L
or A = Lk 19 63 or A - 52 i1 63
73 31 | 10k 8k 20 |10k

X2 for 1 af. = .00 X7 for 1 auf. = 032




Factor 4 or Ka

4

Factor 1 + 16 25 L1
orA = 30 33 63
L6 58 104

X2 for 1 4.8, = 0%

Factor 6 or Ka

Factor 1

or A

Xz for 1 d.f. =

Factor 1
Similar to Factor L
or A Factor 1
or A
Factor 9 or Ea.
Factor 1
Similar to Fgetor 5 2 Factor 1
or A
or A

Factor 11 or Ef

+ N
Pactor 1 + 8 33 41
or A = 13 50 63
21 83 104

Xz for 1 d,fs = 001
Factor 13 or Ga

+ =

Fector 1 + 21 20 41
orA - 27 36 63
48 { 56 104

X2 for 1 a8, = 5069

Xz for 1 d.f. =

Factor 1

or A

+

+

o+

+

Factor 5 or E 5

+ -
16 25 T
20 i3 63
36 68 10

2058

Factor 8 or Fa

+ -
9 32 4
14 52 63
20 8l 104

2032

Factor 10 or Ee

+ -
31 10 41
o 12 63
75 29 104

2041

Factor 12 or X

-+ -

3 38 41

8 | 55 63
11 95 | 104

X 2 for 1 auf, = ,076




Factor 3 or Kb

+ e
Faetor 2 + 57 16 73
or B o= 27 | & 31
8L 20 104

*)Q? for 1 4,0, = M4

Fector 5 or E

+ -

Factor 2 + 23 50 73

e e 4 18 " 34

36 68 104
W far b Aty 1,08

Factor 8 or Fa

& -

Factor 2 + 12 61 73

org = 8 23 21
20 8l 104

123

Factor 10 or Ee

'xz for 1 dofo =

+* -
Factor 2 + L4 29 73
or Eb - 3% 0] 31
75 29 104

X 2 of 1 d-f. = 150&5

Factor 12 or X

+ -
Fector 2 + 6 67 73
or® - 5 | 26 | 3
11 93 104

X2 for 1 a.f. = 142

Pactor 2

or Eb

jxiz for 1 d.f. =

Factor 2

or Eb

Factor 2

or Eb

Factor 2

or Eb

‘_}(2 for 1 d.f, =

Factor 2

or Eb

Xz for 1 d.fs =

Factor & or Ka

3 “
g 39 41 73
& Al 17 34

L6 58 104

+0015

Factor 6 or Ka

Similar to Factor L

Factor 9 or Ea

Similar to Factor 5

Factor 11 or Ef

+ =

+ 5 68 73

- 16 i5 21
21 83 104

27,06

Factor 13 or Gﬁ

4 -

+ 32 41 73
- 16 15 31
48 | 56 104

2052




“ b

Factor L or Ka Facter 5 or Ea

4 - - L

Factor 3 + 27 57 8L Factor 3 + 35 49 8L

oK.+ 19 1 20 e A9 20
56 | 58 | 1ok 36 | 68 | 104
X2 for 1 a.f. = 25.87 X2 for 1 a.f. = 9,59
Factor 6 or Ka Pactor 8 or B,
§ -
Factor 3  Similar to Fector b o . 5 v ‘ 2.

oKy or K, = 148 16 20
20 8l 104

:);? for 1 &f, = 500
Factor 9 or By Factor 10 or B,
+ -
Factor 3 Similar to Factor 5 faotor 5 + 63 24 8l
e | ek - 22 | 8 | 20
75 29 10k

Xg for 1 &.fy = 1:81

Factor 11 or Ef Factor 12 or X
+ - + -
Factor 3 + 18 66 8L Fector 3 + 10 T 84
oer = 3 17 20 or K = 1 19 20
24 83 10 1 93 104
2 2 WA
W for 't duts o 50k X “for1a.f. = £8 0-¢

Factor 13 or Ga

4 -

Fagtor 3 + 37 L7

orkK = M 9
48 56 1

X2 for 1 def. = 4078

2




Factor 4

or K
o

”)(2 for

Factor 4

or Ka

'Xz for

Factor 4

r K
Ll

Xzfor

Factor 4

or K
a

Exact probebility =

Fagtor 5

or E
a

+

$

-

+

Factor 5 or Ea

+ -

9 37 1:6
27 .9
36 68 104

a8, = 8,25

Factor 8 or F_

+ -

9 37 46
i 47 58
20 8l 104

d.fs = 00

Factor 10 or Ee

+ -

3 15 46
Ll AL 58
5 29 104
d.f. = 209

Factor 12 or X

- -

1 45 46
10 L8 58
1 93 104

.012

Factor 6 or Ka.

e

9 27 36

37 31 68

46 58 10k
= 8.5

sz for 1 d.f.

Factor 6 or Ka

+

Pector 4 + 46

orKa - 0

Y T
58 | 58

46 | 58 | o4
10L..0

'Xz for 1 d.f, =

Factor 9 or Ea.

Factor L

or K
a

Factor 11 or E

SEnilar 4o Pactop &

by
-‘. -
Fector &4 + 9 37 L6
or Ka - 12 L6 58
21 83 104
’)(2 for 1 d.f. = ,002

Faetor 13 or Ga

+

Factor 4 + 23 23 46
oK. e 25 33 5;‘;
48 56 1 104

‘Xg for 1 difs = 305

Factor 8 or Fa

+

Factor 5 + 11

orEa - 9

25 36
59 68
20 8l 104

Xa for 1 d.fs = U455




Fector 9 or Ea

Factor 5 +

orEa - O

+ »

36 0 36

68 68

36 68 10L.
= 100.7

Xg for 1 .f.

Factor 11 or Ef

-

Factor 5 + 2 s 36
or Ea - 19 L9 68
21 83 104

Exact probebility = L0057

Pactor 13 or Ga

Pactor 5 + 20

or E - 28
a S

+ -
16 36
L0 68
48 56 104

7(2 for 1 duf, = 1,96
Associations for Factor 6 exactly similar to Factor 4

Factor 9 or Ea

-+ L
Factor 8 + 11 9 20
ey = 25 59 8ly
36 68 104
"X 2 for 1 aufy = Le55

Factor 10 or 33

4

Factor 5 + 36 0 36
or B, = 39 29 | 68
75 29 i]— 10k

2 for 1 d.fs = A7

Factor 12 or X

Factor 5 + 3 33 36
orx, - 8 | 6 | ¢8
11 | 93 | 1o

'“)(2 for i df. = 0,29

Factor 10 or Ee

+ -
Factor 8 + 16 L 20
or Fa - 59 25 8l
75 29 10L
’X 2 For 3 dofe = 076




Factor 8 +

or ¥ -
a

5(2 for 1

Factor 8 +

or]?a -

Xzfor‘!

Factor 11 or B

£

+ -

6 1k 20
15 69 8l
21 83 104

d.-f. = 1 aﬁ

Factor 13 or Ga.

Factor 8

or F
a

')(2 for 1 d.f.

+

Factor 12 or X

e -

0 20 20
11 8 o 814:
" 93 40L

Associations for Factor 9 exactly similar to Factor 5

Factor 10 +

or E -
e

X2 for 1

+ -
12 8 20
36 L8 8L
L8 " 56 104
Gfy = 159
Factor 11 or Ef
+ s e
21 b 75
I B TR T
21 83 104
d.f'. = 8&5

Pactor 13 or G'a

+ -
Factor 10 + 34 L1 75
or Ee - 14 15 29
18 56 104
Y for 1 duf = 003

Factor 10 + 10

or Ee

Exact probability =

Faetor 12 or X

4 /e
65 75

1 28 29
11 93 104
2312
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Pactor 12 or X Factor 13 or Ga.
+ - | + -
Factor 11 + 3 18 ; Factor 11 + 9 12 21
orE, = 8 75 83 or B, =~ 39 Ll .85
1 93 104 48 56 10L.
;*>(\2 for 1 d.f, = 1.46 ~)<\2 for 1.d.f. = 4115
Factor._”.‘l?, or‘ Ge.
+ -
Factor 12 + 2 9 11

or X = L6 L7 | 93
L8 56 404

Exact probebility = L0467

A summary of the probabilities for association between

antigens is given in Table 27, Positive associations are given

in red and negative associations are given in blue,.

2, Association between antigens: The information obtained

‘ from Table 27 indicates that the following categories existi=

(2) No association Antigen A shows no association with any other
antigen,

(b) Positive association
(i) Antigen E,  Associated with E.. All animals tested

appear either E, and Ee positive, or Eb +ve and Ee -ve, or Eb ~ve
and Ee +ve, DNo enimals were negative for both antigens. On

investigating all animals tested for these two antigens, a double
negative has not been obtained, This type of association may be
explained genetical}y as two antithetical alleles at the same locus,
Segregation studiesjare necessary to confirm this hypothesis,

(i1) Antigen K,  Associated with K, ., Only one double

negative animal emong 104 pigs.

A1/
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Table 27
Summary of probsbilities of association between antigens

Antigens
? ' K, K E K ® E, E E, X
2 3 b 5 6 8 9 10 1 12
¢ 13|0.8~- 0,9~ 08~ 0,9~ 0,2~ 0,9~ 0,2~ 0,2~ 0,8~ 0.8~ ,0H
3 0,7 75:30,8:250,7 = 0,815 50,4--320s8 ~2051= ==031:3 500572121057 - 02
X 42|0.8 - 0,35=0,9- ,0148 0.7 - .0148 0.3 - 0,7 = .112 0,3 -
0,7 0,2 08 exsct 0,5 exsct 0,2 0,5  exact 0,2
Ep 11 |0.98= 001 0.9 = 0.98 = ,0057 0.98 - 0.3~ .0057 .01
0,95 008 0,95 ex&gt 0,95 0.2 mct =.001
E 10|0,9= ,001 0,2~ 0.8= ,000 0.8- 0.8~ ,009
. 0.8 Gt 0.7 0,7 0.7
2 9lo9<"0,5-_.01 _=.01—=001 .01 .05
- 0,8 0,3 -,001 -,001 =4001.-=202
¥ 2109~ 0.5« 0,98 « 0,95« .05 0.95 =
= 88 g7 25995 0,9 .02 0.9
K 6|08~ 0,98~ ,001 -.,001 .04
s e y——uue -.001
B 5[0.9 = 0525015 .01
s 0,8 0.3~ =007 -.001
K, 4|08~ 0,98~ ,001
0.7 0,95
3 009- 0-3"
Kb 0.8 0.2
2 0.98-
" 0,95

Values for p taken from Table IV - Statistical Tables - Fisher & Yates (1953)
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All but one animal out of 36 positive for Ea were also
positive for K’b' This might have suggested a mixed antibody
effect, or a sub=-group, that is, antigen Ea. could appear alone, but
antigen Kb when present only occurred when Ea was present. The
ﬁresence of one K, negative animel with en E positive, overrules
this theory.,

(iii) Antigen E, M1E, positive animals were also positive

for B, but E_ enimels can be independent of E .

(iv) Antigen E, Like E_above, E, positive animals were

glso positive for Ee' but Ee animels can be independent of E_.

: 3
(v) Antigens Ka. and Ea The comparable specifiecities of

the Antibodies L and 6-and 5 and 9 respectively is fully illustrated
by the 2 x 2 tables.
(¢) HNegative associations

widd) Antigen Eb Very few Eb positive animals are positive
for E_..

i
(ii) Antigen K, Very few E, positive animals are positive

for Ka.’ and vice versa, The same type of picture is preseanted
with Antigen X,

(iii) Antigen E_ Slight negative association with F_, but

this may not be significant, A larger sample mey be necessary to
confirm this trend.

Also, negatively associated with Ef. Most animals
negative for both factors, or positive for one and negative for the
other,

(iv) Antigen 12 or X A slight negative association with G o

2./
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5. Gene linkage: To establish linkage between any two genes
controlling antigenic factors where association is believed to be
present, it is necessary %o consider &ll backeroes matings involving
these genes, Unfortunately, within the scope of the family data
investiga.ted, there were only a f'ew matings of this type. 4s in
the instance of the single backeross, the heterozygous genotype hed
to be assumed on the basis of matings between a positive and negative
parent, will produce at least one negative offspring, For the
double backeross, matings had to be found where one parent was
positive for two antigens and the other parent was negative for
both, and at least one of the off'spring in either case was negative,

411 bagkeress matings relevant to the associations given
above have been extracted from the family material where possible,
and are given belows pairs of antigens showing positive association
are considered first:-

(a) Positive sssociation: (i) Antigens K end B, In all the
aveilable backecross matings involving these two antigens, there were

no heterozygous boars, so that all the data is based on matings
between double negative boars and heterozygous sows, The segrega=
tion of offspring is given separately for each family in Table 23,
To simplify writing the genotype, the gene for antigen K’b is called
K and its allelomorph k, whereas E represents Ea- and its allelomorph
is e,

Table 28 /




-7 -

Table 28

Mating Segregation of offspring
I (a,) (a,) (a5) (2,)
kkee KkEe KkEe Kkee kkEe kkee
1st Family 6 CF 2 1
2nd . 4 2 2 1
Total observed 10 y 4 2
expected 5 5 5 5

The deviation of K,k segregation from 1 : 1, and E,e from

1 : 1 may be calculated from the formulae given by Mather (1951).
2
)

'XZK i (31"'&2-&5“3'!4.

n
U0+4;4-2f
20

z 332 for 1 d.f, p = DBetween 0,1 and ,05
2
Pl B B
n
(10=h + 4 =2)
% .20
= 2 for 1 4d.,f P = Between 0.1 and .05

The joint segregation or linkage between K and E can be
caleulated from the following formula:-

(a,z-s,z-a. +a.)2

'KZLz 2 5 DK T

(10 = L = L 4 2)2
20

]

0,8 for 1 d.f, p = Between 0.5 and 0,3

There appears to be evidence that the genes for antigens
Kb and Ea are segregeting independently,

(1) /
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(ii) Antigens B end B 0Ozly one

fanily from one heterozygous boar for these two antigens is availe
able, The remeining families are compiled from matings between
heterozygous sows and double negative boars, Let genes Aja

represent Ea and E,e represent Ee in Table 29,

Teble 29
Mating | Segregation of offspring
e * Aafe Asee asfe asee
| AaBe aaee
st Pamily 3 0 0 3
expected 145 1 1.5 1e5
3 ?
2ace  _hafe
ist Family 2 0 0 2
ong " 1 0 0 3
Zpd 6 0 0 3
Lth " 8 0 0 3
Total observed 17 0 0 11
expected . 7 7 7 7

The recombination fraction does not appear té_difi‘er
between the male end femele side, and the product of the two
fractions are considered, Although there is no additional informe-
tion on individual sows as to whether the genes for Ea. and Ee are in
coupling or repulsion, the eﬁéence seems clear that they are in

coupling, The deviations from expected are calculated as follows:=




(20+o-o-1z+)2
34

3

Between 0.5 and 0.3

1,06 for 1 d.f, P

(20 = 0 4 0 = 14)°
3k

1,06 for 1 d.f. P

~
ol

H
i

Between 0.5 and 0.3

(20 = 0.« 0 + #4)>

2
Ok 5
2& for 1 d.f, P = ,001

There is good evidence to show that the individual

segregation of genes controlling factors Ea and Ee is good, but they
are not segregating independently of one another, This appears to
indicate the existence of linkege in the coupling phase,

-|. (b) Negative asscciation: (i) Antigens B, and F_  Only families

from heteroszygous sows anc double negative boars were available,

Let E;e genes represent Ea and F,f genes reprédsent Fa in Tgble 30,

Zable 30
Mating Segregation of offspring
3 ¢
eeff %  Ee¥? Belff Eelf eeff eeflf
1st Femily 1 2 3 0
2nd " 1 5 2 1
Observed total 2 7 5 1
Expected 3475 3.75 3475 3475

The probebility values for deviation from expected are

calculated as followsi~




_@+7"5-1)2
15

= 0.6 for 1 a.pfo P

2.7 .84 1)%
:)C.zF ( 155

0,067 for 1 d.fs P

Y,
o

Between 0.5 to 0.3

I

H

i

Between 0,8 to 0.7

th = (2i7}§§*1)2 !}CZL coffecTey RY

Vaves asgustaevy = 3-2

1]

There appears to be evidence of linkage between the genes
controlling factors E, and F_ in the repulsion phase,

The intensity of the linkage can be measured by calculating

the recombination fraction, where p is this fraction, (Mether,

1951).
P = s, ah in repulsion
n
= Z’_ = 0,2 or 2
15
The standard error for this value may be calculated as

follows:=

s, = fEEREL . goye

It would appesr that the factors E end Fa are controlled

by linked genes with a recombination velue of 20%, The precision
of this estimate has a variance of 10%.

(i1) Antigens E and E, Only one

family was available to show backeross segregation, In this family
the sow was heterozygous for the two antigens, Let genes A,a and
F,f represent the two antigens respectively in Tgble 31:-

Table 31 /

é_tll- fO!‘ 1 d.fj P = 0.02 ,Fog 'd_-{:' (P :O-t -rgd'or'




Table 31
Hatiﬂg Segregation of offspring
K Q
aaff X AaRP AaFf Aaf? saFf saff
1st Fomily 0 3 3 0
expected 1:5 145 1D 15

The numbers do not appear to be adequate Togply &

statistical test.
e AMES INTERNATIONAL COMP%EISON TEST t=

In November, 1962, the first international comparison
test of its kind for pig blood groups was orgenised by Dr, Andresen
from Ames, The object of the test was to compare the specificities
of antibodies obtained and isolated by different laboratories
independently of' one another, Those lsboratories where work on
pig blood groups was developing were invited to participate.
Aliquots of the same samples of blood from 20 Duroc and
20 Hampshire pigs were sent to seven laboratories. Tach laboratory
blood typed these samples with the antibodies they had isolated,
and sent their report back to the Ames Lgboratory, whe slso parti-
cipated, On cobtaining the results from all the laboratories,
they were compiled and compared, Only those tests relevant to the
antibodies describsd in this dissertation are given in the following
Tables 32 to 35.
The eight laboratories participating were located as

follows:=

R f
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1+ Depertment of Veterinary Clinical Studies,
School of Veterinary Medicine,
University of Cambridge.

2, Animal Breeding Research Crganisation,
6, South Oswald Road,
Bdinburgh, 9.

3., Veterinary Institute of Slovenia,
L jubljana,
Yugoslavia,

4o Tacully of Agriculture,
University of Novi Sad,
Yugoslavia,

N
5. TierBrztliches Institut der Univesitlt GBttingen,
West Germany, 1

6., Antigenic Laboratory,
Towa State University,
Ames,

U.S.4A,

7. Afd, for Fysiologi,
Endokrinologi og Blodtypeforskning,
Den kgl. Veterinaer-og Landbohgjskole,
Copenhagen,
Denmarik,

8, Laborator Pro Biologii,
Prague,
Czechoslovakie,

DISCUSSION ON RESULTS:-

The cbjeet of this part of the dissertation has been to
demonstrate the existence of different blood group factors on the
erythrocytes of pig blood. The results show that naturzl, isoimmune
and heteroimmune eantibodies can be used to identify these factors,
Evidence is also presented to show that they are controlled by
mendelian genes, These genes express themselves in a dominant
manner, in that, the antigenic factors they control are dstectable

when present, providing their particular antibody is used.

Fo /
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Table

Results of International Comparison Test
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Table

2 23 35678

1

No,
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a a a a a a

5 9 E_ &
2 E E
a a

E
a

L5 67 8

L

3
K

1 242 3
Io, No,
L 6

1

K K K K K K
a a a a a &

a

K

a a a
H H15 K K_ 150 114 377 14

K K

.
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+
+

SL +

+

SL +

+

Laboratory

No,

Antibody

iy BUATE STaRVel polles BepWe)
-—

AARAARAAT AAA T

WO M~ VO v~ O My
AU e R VR A TR T RN A Lt a¥ al ol

ArDooAar mTaTmaAma:t

LMD =02




8lc

Table

BGB L T T i T S R R T
?.ﬂws e T T TP S e S S N IR A L e
GG& P I TP ST R SR S T TR T S S i e . L T ST S S e Y
5.&& B T T P B itk TE T T T i R
2&”6& T T T R S ST S S I T S T T T
= O QS PR SRY BT " SEYRR SR S TGRS G S S IR S ST ) S
& e R e g e R e T R PR R R T W W B R R R W e PR B W e
.
T R TR e R R R R SR R T W R R W RS W W W R W W B W &
e o A e R R e A R TR R e el W & ¥ W W W g W
& e T T Tl P T T S e SRR SR BTy S gt g N R R N
_.DE.r O T JPURP PR PRI SHITHE St T N S CEPURPIIPIE TS S Y
2&".&.? PRI SR T S S T B T R S et ST ST ST S
o @ B L T T o S S e T A Ak T NPT S S S
~ ;e T T L L UL e S TR I ST Sp R S NE VR SR G e R e ey e v
0 nna FIRUPU TG PO IS TI SH R A SR S T ST I S RS S A N S S T S S S (R
3
4 @y A e et e g R e b e e R R e G
o E2 W e o o T A R e T g
- m° B TP T T T SRR T S U S N S S T R SR S TR S T e
o m° R R R R SR T e R R e e e e B e
~ o AR g R AR A A R e R e A R AR R e R B
g Y R o T R A R e R I B E
w A e e T e e T T e A e e e 6
cile mE g R B T A L AR T T e e e e
e [T T SR TG ST T SR IE U S S S S

Laboratory
No.

Antibody

oy NAD P~ O = oy NND M~ ho — NNy o o

ARAARNAAAENNHNONmNONONNNANAARAAAAAN NN AnNDANAADnDES




8ld

Table

1

Laboratory No.

Antibody

]

~NMFINNO~NO O NN FNVNO~0 0NO &~ Ny W\D I~
T TN NN

AAAADNAAADN NN D oDEONDEoDENANAARAAARARATD

o — ol
O My
mA

LAY oA L e 5

ADAADOoDITA




o 85 o

No attempt has been made to classify individual pigs on
the basis of natural antibodies occurring in sera, other than the
detection of' the A substance. Previous reports on this subject
(eof. Review of literature) have nof been very satisfactory, end
circumstances were such that a relisble investigation could not be
made, because of the widespread use of crystal violet vaccine amongst
the experimental herds, The most satisfactory approach to the
whole subject of detection of natural isoagglutinins and soluble
blood group substances, would appear to be along the lines of
Springer et al. (1958), who in chickens used 'disease free' birds,
Also, in this instance it would be necessary to maintain an
unvaceinated herd of pigs, It is hoped that investigations along
these lines will be attempted in the future.

The detection of the A substance on pig cells by the use
of natural anti-J serum from cattle was practicable, This was
demonstrated by the comparison test, 1In this test, another antibody
called No. 15 was used, which was isolated from a pre-injection
sample of serum from a sow. This appeared to be a natural haemo=-
lytic antibody, which reacted with type A cells, It has not been
discussed in this dissertation, because it was only discovered at
the end of the family studies. In the comparison test it can be
seen that this antibody failed to detect the A substance in animal
No, 2, whereas the anti-J serum was positive. This result is not
in egreement with Saison (1962), who used pig anti A, sheep anti-R,
cattle anti-J and cattle anti-sheep O in a comparison test. Of 312
abattoir samples tested, 195 reacted with the cattle anti-sheep 0;
87 reacted with the pig enti-A and sheep anti-R; whereas only 82

of these 87 were positive to the anti~J, The remaining 30 samples

were /
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were negative to all four antisera., This discrepancy could be
explained in terms of potency of the different anti-J sera used,
because it is known that there is a marked seasonal variation in
the potency of J antiserum, with a peak in the Autumn months
(Jemieson, 1963). WMo, 1 antiserum was obtained in the month of
October,.

It is also claimed by Andresen, that he has detected
exceptions to the theory of dominant inheritance for the cellular
A substance (1962). He states that, "Family data has been con=
firmed, that the celluler A substance can be present in offspring
from parents which do not possess this substance on their red cells
as detected in a conventional heemolytic test with a potent reagent”,
lNone of the 25 families examined and listed in this treatise were
exceptions to the theory of dominance, It is not stated by
Andregen, however, if he attempted to detect the A substance in the
sera of the respective parents by means of a haemolytic inhibition
test.

The use of isoimmune antisera as a source of identifying
antibodies for the demonstration of antigenic individuality of pig
red cells has been confirmed in this study., It has also been
shown that certain antigenic factors appear to be associated with
one another, and may therefore be controlled by allelic genes at
the same locus on a chromosome, All the E factors show a positive
association with one another, and allelism has been proved in the
case of the ¥ and E° genes. The latter is an interesting
association, because the B, factor does not exist by itself, and

only appears in combination with Ec' This is consistent with the

mosaic / _
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mosaic structure of red cell agglutinogens, or multiple allelism as
proposed by Wiener and Wexler (1952). The E system in pigs as
defined by Andresen (1962) sppears to be confirmed to a certain
extent by this study. He has proposed that the following pheno-
groups (i.e. groups of agglutinogens) are controlled by five allelic

genes; =

Andresen's E system of pigs

Reaction with six reagents
E, EQ, EE’ EE B ¢ Eﬁ_

Genes | Phenogroups

jo

E1 Eb de " + + . . +
E2 | Ee ag o + » + p +
E3 Eae g + - . + a +
El" B efd . + P + + e
E5 Eb £d . + + . + .
The contrasting factors Ed and Eg to Ea. and E, respectively

were not found in this investigation, However, the emergence of
B and Ee as contrasting factors was shown by the 2 x 2 contingency
table, No individuels were found lacking both cheracters., On

the basis of the existence of the following genotypes: Eb/Eb;

Eb/Ee and E°/E° the random distribution of these types was calculated
and compared with expected within the Large White parent population,
This population was chosen, because all the possible phenotype
metings were present, and the distribution of the offspring for
these different matings could be shown and compared with expected,

The results are given overleaf:-
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Genotype distribution of E° and ES within Large White perents
Genotype £°/&° B°/E® E%/E®
No. observed 9 14 5
Gene frequencies calculated . 326 496 . 184
No. expected 9 14 5

This population of Large Whites appeared to be in a state
of genetic equilibrium for these two factors,
Distribution of Eb and Ee phenotypes among 108 offspring

from 21 Lerge White families

: No. of Offaped
Mating type families E, Eon Ea'- Kz values
Eb >3 Eb 6 29
£ g |y 13(10.5)| 8(10.5) 0.6 for 1 d.f.
K xB 1 L
EE, x EE, L 7(k425)| 4(8.5) | 6(k425)| 4.9 for 2 a.f.
EbEe x E, 2 2(6) 10(6) S5 for 1 d.f.
Ee x Ee e 5

(expected values are given in parenthesis)
The evidence given above supports the theory that Eb and
Ee behave as contrasting characters, and therefore form a closed
"system", One advantage of this type of system is that the pheno-
type raflect‘..:the genotype, and homozygotes may be distinguished from

heterozygotes on blood type elone at this locus,

A/




: A positive association has also been established in the
2 x 2 tables for K, end X . This observation supports the claim
by Andresen (1959¢), that these characters are produced by allelie
genes in the K system, From the present data, it appeared at first
thet these factors might be contrasting, but the existemce of a
doubple negative animel smongst the parent population and six emongst
the offspring overruled this explanation, Further evidence in
several families involving the segregation of these two factors
suggested that at least one other allele must be assumed to explain
the resultas. TFor example, in three families of mating type
K(a - b+) x K(a + b+) six offspring appeared of type K(a + b-),
also in eleven matings of type K(a + b-) x K(2 - bs), 32 offspring
were type K(a - b+) and five were K(a + b-). !

To test the genetic equilibrium of these two factors
within the parent population, then the existence of & third allele
K was assumed., The existence of three alleles in this system
mekes it similer to the humen ABQ system, and the same method for
calculation of the gene frequencies may be adopted. Bernstein's
improved method (1930) was applied to the data, and the following
gene frequencies for the three alleles were obtained;-

gene frequemcies K© = « 263 r 586; K = .8

As the number of genotypes = + n(m + 1) = 6, where m
represents the number of alleles, then the number of genotypes
exceeds the number of phenotypes. According to. Cotterman (1954),
therefore, a state of genetic equilibrium is expressed by the
expansion of the poiynogc (pk‘ + qxb S rK‘,E;..)g. Each parameter
in the expension give the rélative rroquenoj of the &ornsponding

genotype. /
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genotype. This means thet the expected frequencies of the different
phenotypes within the population can be caleculated from the formulae

given below, end the deviation from observed calculated as axz

vs.lue_:-
Pheno= 2
e No. observed No. expected oK
K(a+b=) ' 19 n(P2 + 2p.r) = 15,392 0.85|
K(a=b+) 57 ala® + 2qur) = 53.664 0,21
K(a+b+) 27 2n.,P,q. = 32,178 0,83
R (a=b=) 1 n.re = 2,278 0.72
Total = 104 = n Total = 2,61 for & a.f,

The observed and expected figures show good agreement, and
it may be concluded that the parent population investigated was in
genetic equilibrium for the genes controlling blood group factors
Ka. and K.b_.

One important feature of the comparison test was the
confirmation that Antiserum No, 14 had a specificity for character
G . Andresen (1961) claims that factors G, end G ere contrasting
characters controlled by two allelic genes within the G system,

The possibility of association between these two factors was not
investigated in the parent population, However, inall the animals
where red cells were typed for both Ga and G‘b’ the independence of
these two factors was tested in the following 2 x 2 contengency
teble:~

%

Ve ~ve
Ve 76 7 83

G
a =ve 145 0 %45
221 id 228
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2
& ol W5 x 7 = 76)° x 228
x T 217 x85 U = 10,8 for 1 d.f.

The likelihood is so great that there appears 1o be
considerable evidence to support the claim that these factors are
contrasting,

As a result of statistical analyses, there is a certain
amount of evidence to suggest that linkage exists between some of
the factors, For example, the factors Ka and K‘n may be linked to
the E system, The positive association between X and Ea.’ however,
could not be proved on a genetic basis from backeross dats on two
families, Obviously, more family data is required to test this
association, Linkage appeared to be established between factors
Fa. and Ea’ but again the evidence is based on a limited number of
families, Andresen (19599 has suggested that each system may
represent & pair of autosomal chromosomes, but does not mention
the possibility of linkage, or that several systems may perhaps
belong on the same pair of chromosomes, The evidence presented in
this thesis throws considerable doubt on the suggestion of one
system, one chromosome, but further proof in the form of suitable
backeross date is required.

The remaining factor, celled X appears to be aiinew antigen,
possibly linked to the K system, The frequency of this antigen
within the parent population was equivalent to 0,172, which is low.
Howe.ver, it only appeared in the Large White breed, and for the
number of animals bled within this breed, the antigen fraquency was
equivalent to 0,407, It also appears from the comparison test,
that its Antibody No. 12 may have a specificity very close to the

No. 7 antibody used by Cambridge.
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1. INTRODUCTION;:=

The amount of 1itsrafure on the subjeet of genetically
determined biochemical individuality within different species has
grown in momentum during the past decade, Any comprehensive
review of the subject would be beyond the scope of this dissertation,
and inadequate compared to the excellent review by Cgden (1961), in
which all {he information on the subject of biochemical polymorphism
in farm animals has been collated,

In this section om & biochemical study, the investigation
has been confined to measurement of electrolyte constituents of the
blood, and eiectrophoresis of serum proteins by starch gel eleciro-
pheresis, In the latter, the identification? of variants within
specifie protein components, and the contrel of these variants by
genes segregaling in & simple mendelian manner has also been studied,
Reference to specific work has been quoted where relevant.

2. STUDY OF BLOOD POTASSIUM AND SODIUM LEVELS

OF PIGS:~

 DIFFERENT BREEDS

The first indication of electrolyte variation within a
species was shown by Kerr (1937). 1In a study in Syria, he was able
to classify sheep into three groups with respect to the amounis of
potassium and sodium in their erythrocytes., In 1954, Evans showed
that sheep could be classified into two groups on the potassium
levels of their blood. These groups were called High potassium
(mean K value of 36 m. Eq./litre of whole blood) and Low potassium
(mean X value of 13 m. Eq./litre of whole blood) types. It was
also found that the whole blood sodium concentration varied

inversely /
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inversely with that of the potassium, Later, Evans and King (1955)
esteblished that these two types are genetically determined in a
simple mendelisn manner, and the HK type is recessive,

The only reference found giving sodium and potassium
levels in pig blood was that by McCance and Widdowson (1956a) and
Widdowson and McCance (1956b), They mede estimations on 13 adult
pigs for sodium levels in the serum, and nine adult pigs for sodium
and potassium levels in the erythrocytes., 1In view of the lack of
knowledge of electrolyte levels within the blood of pigs, it was
decided to investigate potassium and sodium levels in a large
number of pigs of different breeds,

1. Animels investigated: Blood was obtained from pigs at
the National Pig Progeny Testing Stations, This material was
chosen, because it enabled one to compare levels in animals of
different breeds and families, also of similar age groups, and
under similar environmental conditions., Facts sbout the animels

sampled are as follows:-

Large White ' 193 56 7854
Landrace 118 37 78.68
Wessex L6 17 -
Gloucester 0ld Spots. 9 1 131

2, JMethods: Approximately 5 ml, of blood was collected in
& clean polystyrene bottle containing 50 i u, of heparin,
(a) Estimation of Sodium and Potassium A volume of

0.25 ml, of each sample of well mixed whole blood was suspended in

50 /
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50 ml, of glass distilled water in a volumetric flask giving a2
final dilution of 1 in 200, Estimetions on the diluted solutions
of blood were made in an Eel Flame Photometer. Readings were taken
and plotted on & known standard graph, snd estimations calculated
in milliequivalents per litre. Prior to each run the machine was
calibrated end set for two known standards for both Sodium and
Potassium, These standards were made=up from stock solutions of
spectrographically pure KC1 and NaCl in glass distilled water,

The two NaCl working standards used were equivalent to 120 and 240
milliequivalents of sodium per litrs, and the KCl standards were
equivalent to 20 and 40 milliequivalent of potassium per litre at
1 in 250 and 1 in 100 dilutions respectively.

In calculating the potassium levels, these were adjusted
according to an interference curve which was calibrated to correct
for sodium interference, as shown by Wynn et el. (1950). At a
ratio of 1 ¢+ 2 of potassium to sodium, this interference could be
as much as 5%, Ratios from 1 : 2 to 1 : 12 of mgms. % sodium
added to a standerd solution of 0.5 mgms, % potassium were
calibrated.,

(b) Haemetoerit values These values were estimated on
whole blood samples by the micro-haematocrit method using capillary
tubes sealed and spun at 12,000 g. for five minutes,

(¢) Plasma Sodium and Potassium values Estimetions were
similar to the whole blood method., Blood semples were spun and
1 in 200 dilutions of plasma in glass distilled water made in
volumetric flasks,

(d) Calculstion of Potassium content of Red Cells By
estimating /




estimating the whole blood and plasma content, and knowing the
heematoerit velue, it was possible to calculate what quantity of
potassium was present in & known volume of erythrocytes, The
caleculated value for a known volume of cells was adjusted to give
o velue equivelent to an erythrocyte volume of 100%, or unit volume
of cells,

3. Results: The whole blood levels for sodium and potassium

are summarised in Teble 36, for four different breeds:-

Table 36
1. VWhole blood levels of Sodium !m, Eg.(litre[

Breed Av, Na level S.D, Range

Targe White 90,9 +7.96  Th = 107.5
Landrace 89.7 + 6.3 78,5 = 111
Wessex 87.5 +6. T -0
Gloucester 014 Spot 84,2 + 7.7 _ 15 -, 92

2. ¥hole blood levels of Potassium (m. Eg./litre)

Breed Av, K level 5.0, Range
Large White S L 52 = 73.5
Landrace 63,0 + 3.8 53.5 = 72,6
Wessex 611 # b 59 « 73.5
Gloucester 01d Spot 61.1 + 2,07 57.5 = 65.2

A comparison of the distribution of potassium levels
within the Large White and Landrace breed is shown in histogram
form in Figure 15. The distribution isunimodal in each case.

An /
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An Analysis of Variance was made on the whole blood
potassium levels between individuals and femilies within the Large
White, Lendrace and Wessex breeds, The results are given in
Table 37:-

Table 37

Analysis of Veriance within Breeds:-
. s Large White breed

Source Sums Degrees Variance
of of’ of estimate Significance

Variation squares freedom (Mean square)

[ ks - 1,477 55 26.85 ) N =55 N° =125

C}ﬂHrth )

Within = 14 425 4o 9.06 F = 2.9
(éﬁwrnw

Total — 2,610 180 4.5 Significent at 1%

23 Lendrace breed

Source Sums Degrees Variance
of of of estimate Significance

Variation  Squares Freedom (Mean square)

Between ' 1 2
m] 762 4.3 36 21,18 )) N =363 N° =75
FAMILIES

Within ;

o : j 981.52 75 309 ) ¥ -t
FAMIUES
Total 1, 743,95 1M1 157 Significant at 5%
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3. Messex breed

Sourée Sums Degrees Varisnce

of of of estimate Significance

Varistion Squares Freedom (Mean Square)

Between s - 16 32,35 ) N's46; W° =28
FARILIES g

Bt 148,18 28 16.01 g F = 2,08

FARILIES _

Total 981.78 Lk 16,36 Significant at 5%

An analysis was also carried out to see if there was any
variance between the breeds for whole blood potassium levels, The
results of this snalysis are given in Tgble 38:-

Talile

Anglysis of Variance between Preeds

Source Sums Degrees Variance
of of of estimate Significance
Variation  Squares Freedom (Mesn square)
Between 1 2
{ e ] 201,25 3 67.08 g N' = 33 N = 335
B {ecEns )
Within
Ls  somples 9,589.56 335 28,63 ; F =25
RRreeDdS
Total 9,790.81 338 28,97 Not significant

The estimation of packed cell volumes in correlation with
the potessium values revealed that the latter varied in a linear
manner and showed a positive correlation with the haematocrit
values, All breeds showed a wide scatter without forming distinet
groups, A few samples have been selected at random and are illus-
trated in Figure 16.

It was also found that the potassium values showed an

inverse /
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inverse relationship to the sodium, and this is emphasised on
plotting values against each other as in Figure 17. The distribu-
tion again was diverse,

By obtaining the packed cell volume and estimating the
plasma potassium, which gave an average value of 7,37 m. Eq./litre
(_4.. 0.75), it was possible to calculate the actual potassium content
of the red cells, ' The velues obtained are shown in Table 39 below:+

Talle
Potassium content of erythrocytes

Av, K content of red
No. of Av. P.C.V. percentage, cells in m., Eq./litre

peend samples S:D, and range per unit volume of
cells, S.,D, and range
Lerge White 120 4O 1k + 2,88 h1.2 + 5ol
(33 =751) : (131 ="156)
Landrace 67 41,02 + 3,05 140.3 + 4.8
(33 ="49) (133 ="157)

- A comperison of the distribution of the erythrocyte values
for both breeds is shown in the histograms in Figure 18, 1In both
instances, the distribution is positively skew. The true values
are plotted instead of logerithmic values,

The plasma sodium was also estimated in the Large White
breed, An average value of 144 m, Eq./litre (+ 8.86) was obtained,

In order to assess the repeatability of individual
potassium levels in whole blood, 22 animals were resampled after an
interval of one week, The mean values for the respective weeks
were 61.6 and 61,2 m, Eg,/litre, An amdysis of variance was
calculated on these values to assess whether the variance within
individual animals was greater than between, The results are shown
in Teble 4O,

Table 40 /
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Table 4O
Analysis of Variance on repeat Potassium estimations

ISoﬁrce Sums Degrees Variance
of of of estimate Significance

Variation Squares Freedom (Mean square)

Becucen i]235.04 21 1119 Yo B siaty K s 20

{npvijounk s )

khie _ g 2

{?eﬂueevsamples 23458 &8 5462 F o= 129
WimHIv  INBjvibuALsS

Total 358,62 43 8,34 Not significant at
5% but significant
at 10%

It appears from Tgble 4O, that the variance was greater
between individuals, than within, but this variance was not quite
significant,

3.  STARCH GEL ELECTROPHORESIS TECHNIQUES TO DEMONSTRATE SERUM
PROTEIN VARTANTS:-

1. Pig Serum Transferrins: The technique of starch gel

_eleotrophoresis first introduced by Smithies (1955) has been applied
to this study of serum proteins in pigs., Smithies (1957 =nd 1958)
demongtrated that three beta=-globulin or transferrin phenotypes
existed in human sera, and were controlled by a pair of autosomal
alleles with no dominance, Variations within the beta-globulins
of cattle have also been demonstrated by Hickmen and Smithies (1957)
and Ashton (1957), also in sheep (Ashton, 19582 and b) and pigs |
(Ashton, 1960).

The methods used to demonstrate the serum proteins to be
described in this section are based on one dimensional, horizontal,

starch gel electrophoresis using e discontinuous buffer system,

Basically /
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Basically the procedure adopted was similar for all fractions
investigated, but technigues had to be varied for certain protein
components, and the methods adopted will be described where
appropriate, Ebr the demonstration of transferrins, the following
methods were u'avad:-
() Materials and methods: (i) Preparstion of starch gel

A 12% suspension of commercially produced hydrolysed starch
(Comnaught Laboratories, Toronto) in 500 ml, of dilute buffer
solution was heated with shaking in a conical flask over a naked
flame, The buffer used was similar to that described by Poulik
(1957), and contained 0,005 M citdic acid and 0.076 M tris (hydro=
xymethyl) aminomethane, Poulik racommended a pH of 9 for Serum
‘protein separations, but in this study of pig transferrins, it was
found necessary to adjust the pH %o 7.6 by vsrying the proportions
of these two salts, A mixture of 812,5 ml, of citric acid with
187.5 ml, of tris gave the desired pH.

The starch was heated in this buffer until a clear homo=-
genous mixture was obtained, then air bubbles were removed from the
solution by boiling under reduced pressure for 20 to 30 seconds,
This mixture was then poured into pre<heated glass trays with
removable side pieces, The trays measured 12 x 25 cms. internally
and were 6 mms. deep, On pouring the starch into the tray, a
thin polythene sheet was rolled over the surface of the starch, so
that 21l air bubbles were excluded. This sheet was then held
firmly in position by a glass plate placed on top of the tray.,

Gels were allowed to set and stand overnight for approximately

15 houfs, but could be used within 5 hours of pouring provided they

were placed in a fefrigerator at #;.00- for two hours prior to use,

(48] /
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(i) Insertion of serum samples

Serum samples of 0,06 ml., volume were absorbed on to small pieces of
No. 17 Whatman filter paper measuring 0.6 x 1 cms,, then inserted
into the gel by first cutting across the breadth of the gel at a
point 5 cms, from one edge. On separating the two pieces of gel
slightly, the filter paper inserts weré then placed separately into
the channel formed, so that each was evenly spaced leaving a gap of
3% mms, between each insert. A totsl of nine inserts could be
placed in a gel in this memner, The two divided sections of gel
were then pushed firmly together on either side of the pieces of
filter paper.

(11i) Tenk buffer and running
conditions Electrical contact was then made to either end of the
gel by means of several thicknesses of gauze soaked in a different
buffer selution to that in the gel. The buffer used was similar
to that recommended by Poulik (1957) as modified by Lush (1961).

Two separate tanks contained 0,3 M boric acid and 0.1 M sodium
hydroxide at a pH of 8.6, The glass plate carrying the gel was
supported between these two tenks, so thet the edges of the tray
hupg over the buffer in the tanks. One gauze wick was placed

2.5 ems, from and parallel to the insert line, and the other placed
at the other end of the gel 20 cms,., from and parallel to the inner
edge of the first wick, The whole gel was then covered with a thin
sheet of polythene, and a volitage gradient of 6 volts/em, was
applied along the gel at a current of 16 milliamps, Current was
applied by means of stainless steel electrodes, which were connected
to a2 D.C. power supply pack, and inserted in either tank solution,
The /
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; The cathode being at the insert end of the gel, After 30 minutes,
the serum had moved out of the filter paper inserts into the
substence of the gel, The inserts were then removed, and the cut
edges of the gel pushed firmly together again, so that no air gaps
were present,  Eleectrophoresis was continued under an increased
voltage gradient of 8 -« 9 volts./em. Increasing the voltage
meant an increase in wattege, and this resulted in en ambient of
40 to #500. within the gel, As denaturation does not occur at
this temperature, it was possible to run the electrophoresis at
roon temperature,

Being a discontinuous system, it was possible to follow
the front of the tank buffer as it moved through the gel, This is
referred to as the "brown line", As the albumin zone follows very
close behind this line, it acts as & very good guide as to how far
the serum proteins move through the gel, TFor the pig transferrins,
electrophoresis was stopped, when the brown line had gone 9 cms.
beyond the insert line,

(iv) Cutting and steining of
gels The side pieces of the tray were removed and the gel sliged
across approximately 2 ems, in front of the brown line. Two pieces
of per8pex, half the thickness of the gel, were laid on either side
of the gel, and with a fine wire it was sliced on a horizontal
plane into two halves of equal thickness, The top half was
immersed for one minute in a 1% nigrosin solution made-up in a
50 : 50 : 10 methanol, water a?lE:;f;eLtic acid mixture. The gel was
then washed in tap water and left in a washing solubtion mixture of
methanol, water and acetic acid until the background had destained,

The /
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The bottom half of the gel was kept for e specific staining
technique to be described later, On destaining of the other half,
the separate protein components stained with nigrosin were clearly
visible and ready for interpretation., The gel could either be
photographed, or kept in the weshing solution for over a year
without deterioraticn,

(b) Results: In photograph No. 3 and the schematic drawing of
‘this photograph, the distribution of the separate fractions are
shown and labelled, This photograph shows the serum proteins of
eight unrelated pigs on one gel. Within the beta-globulin region,
in particular, several distinet components are apparent, and similar
types have been paired-up to show their existence among unrelated
enimals, It appears from the patterns presented in the beta=-
globulin region, that three distinet bands are present in some
animels, and five or six in others, In the next paragraph, it will
be shown, that each of these bands is in fact a transferrin (i.e.
ironebinding protein), and in the inheritance studies, it can be
shown that three bands represent the homozygous expression of the
genes, and five or six bands, the heterozygous condition., In the
homozygote there are two thin bands on either side of one major
band, and in the heterozygote, there is a combination of three bands
from either homozygote forming six bands, with the two major bands
in the centre. In photograph No, 3, the difflerent types have been
given a notation, and it can be seen, that the AB type does not
completely show all six bands, because the major band of the A almost
merges with the leading band of the B, However, in the other
heterozygote BC, where a further combination of types occur, all six

bends /
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bends are present. No animals of type C in the homozygous form
have been found to date. This thesis proposes the existence of
three distinet trensferrin types, caelled A, B and C with combinations
of these types in the various heterozygous forms, If these protein
bands are phexmtypic representations of the genes controlling their
Co-~boMINdNEE PRESc T

protein synthesis, (then dominance and recessiveness are absent:)

because either product is equaelly represented in all heterozygotes,
This means that the phenotypic representation is a direet expression
of the gene and is therefore a genotypic representation.  The
fanmily studies to be given later will substantiate this point,

(¢) Labelling serum beta=globulins with F 59: To establish

‘-é-

that the beta-globulin bands were in faet iron-binding proteins,
an experiment wes conducted with the co-dperation of the Haematology
and the Medical Physics Research Departments of Edinburgh Royal
Infirmery using Fesg. Hhe following procedure was adopted:=

1e lMethod A 1,4 ml, solution of ferric chloride
containing 10/.\ curies of Fe59 was diluted to 3.4 mls, with 2 ml,
of normel saeline, A 0,5 ml, aliquot of this solution was added to
each one ml, sample of three sers representing three different
beta~globulin types. The three types were A, B and BC, This
meant that each sample contained an equivalent of 1,470 millimicro=
curies of F°59. The sera were incubated at 3700. for 30 minutes to
facilitate binding oi‘. the iron, then each sample we_c's dialysed against
distilled water for 24 hours to allow free Fe5 9 to dialyse out., A
0,05 ml, volume of each semple was then absorbed on to filter paper
inserts end placed one cm, apart in a starch gel. Each sample
subjected to electrophoresis, therefore, contained approximately
50 /
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50 millimicrocuries of F 39. Electrophoretic conditions were as
described previously, only the brown line was allowed to travel
10.5 ems. from the insert line to allow greater separation of the
bends, The gel was split, stained and allowed to clear in washing
solution, The top helf of the gel was left in washing solution,
and the bottom half teken out and divided into longitudinal strips,
so that each serum electropherogram was separated from the other,
Bach strip was then placed alongside the millimetre scale of a
ruler, and very carefully divided up into sections, the exact
distence from the insert line being noted for each section, Then
each section was placed in a smell test-tube and placed in the well
chamber of a sodium iodide erystsl sointillation counter, Back-
ground counts were taken at the begimning and end of eaech rﬁn.
Radiosctivity counts for 100 seconds were taken for each piece of
gel, The counts per second were then calculated and background
counts deducted from each gel velue, The remaining helf of the gel
was then taken out of the washing solution, and a millimetre scale
placed alongside each electropherogram end photographed in situ.
In the illustration in Figure 19, the radioactivity for each section
of the top half of the gel is plotted against the bottom half
enlarged to scale., Due to the washing solution, the gels have
shrunk slightly, and are not quite to scale, but aligoment is
sufficiently accurate to establish, that each beta-globulin bend
within the different types is a transferrin. The intensity of the
staining of the major bands, also indicates the point of greatest
radiosctivity, or binding of the 3.59.

(d) Inheri of pi errins: In Table 41 the
distribution /
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distribution of off'spring from all the different metings collected
within the same families studied for red cell antigens @re shown,
Matings between all types were not available within this population,
especially any involving type C transferrin. This type has a low
frequency, and did not appear within these families,

Table 41

Sepregation of transferrin types among of fspring of different mam

Mating type Segregation of offspring

- Total d.f, ‘f
é Q A AB B
AB A 3 6 ®) 9 1 0.1
AB AB 3 3 3 9 2 0.55
AB B C % 5 1 0.2
B A b &

i B AB 18 22 L0 1 Oy
B B 172 172

The segregation of offspring are in accord with the theory
of simple mendelian inheritance, and the genetic hypothesis is that
types A and B represent the oroducts of elleles at a single locus.
Their genes may therefore be designeted Tf.A and TfB. Although the
C-type was not involved in the mating ds;ta, there can be little
doubt that it is the product of a third sllele T_°

¥
(e) Gene frecuencies The frequency of these alleles were

at the same locus,

calculated in the Large White and Landrace breeds from samples
obtained from pigs entering the National Pig Progeny Testing Station,
The relative frequencies are eompared in Table L2,

Table 42 /




Table L2

Frequency of three alleles at the Tf locus in two breeds of pigs

Breed and No. tested
T f allele Lerge White | Lendrace
(113) (83)
A 0,389 g

The A transferrin was completely absent in the Landrace
breed, also the C was absent in the Large Whites, It is also of
interest that the C transferrin was found in two animels of the
Wessex breed, and the BC types shown in Pholograph No. 5 were from
these two animals,

2, Pig Serum Haptoglobins Proteins migrating with the
D{ 2—glo'bulins of human sera and capable of binding haemoglobin were
first seen on paper electrophoresis by Polonovski and Jayle (1940).
They called these proteins haptoglobins, In 1955, Smithies using
his starch gel electrophoresis method observed three different types
oceurring in normal human sera., The results of family studies
indicated that these differences were under the simple genetic
control, of two autosomel alleles (Smithies and Welker, 1955).
Later, Connell and Smithies (1959) deseribed a fourth phenotype
called haptoglobin type 2-1 (modified), and its inheritence was
later described in one family by Smithies and Hiller (1959).

In 1961, Kristjensson using the starch gel technique
presented deta to show that six haptoglobin phenotypes occurred in

pig sers, and were under the control of alleles celled Hpi1

Hp® /
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3. To establish this report end investigete the possibility of

Hp
further differences in pig haploglobins, the starch gel method
described esrlier was adapted for the following investigation.

(a) Method: The electrophoresis technique is as described,
only the bottom half of the gel was steined with a tenzidine stain,
This stain consizted of 0.2 gms, of benzidine in a mixture of 0,5 ml,
of glacial acetic acid in 100 mls, of water, On dissolving the
benzidine, 0.2 mls, of 30% hydrogen peroxide was zdded (Hermans et
al,, 1960), As the heemoglobin-heptoglobin complex has a high
peroxidase ackivity, this acted on the hydrogen peroxide and
oxidised the benzidine to give a blue steining reaction, when the
gel was immersed in the stain, Staining developed within seconds,
but required at least 30 minutes for full development,

The procedure adopted was to stain several samples of
serum obteined at different times from the seme animal, This meant
that some were haemolysed and others were not,  Samples completely
free of heaemoglobin did not stain with benzidine, This procedure
was repeated for seversl enimels until a wide range of types could
be selected. Then solutions of haemoglobin in water were made-up
in varying concentrations from the washed cells of one ml, of fresh
whole blood, The concentration of heemoglobin in these solutions
ranged fro%%pproximately 6 to 200 mgms. per ml, A volume of 0,05
ml, of each haemoglobin solution was mixed with 0.1 ml, samples of
& serum, These samples were left for a minimum period of 30
minutes to allow binding to take place, then each was placed in a
starch gel, The top half of the gel was stained with nigrosin and
the bottom with benzidine as described,

(v) /
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(b) Results: At first it appeared from the Tandom seleéi:ion
of serum, that many haptoglobin types were present; which were
difficult to interpret, Tt was also observed, however, that
‘several distinct variations occurred within the serum of some
individuals, In an attempt to clarify the picture, the transferrin
region was teken as a point of reference. By doing this it was
possible to divide the occurrence of types into three zones on the
gel, The types within the first zone occurrsd between the pre~
albumin and the transferrins, and only appeared when a haemolysed
sample of serum was used, No variation occurred within samples
from an individual fo¥ this zone, The second zone occurred
immediately in the region of the transferrins, and because of the
width of bands end depth of stasining with nigrosin, these types
of'ten masked some of the transferrin bands, Variations within
samples from one individuel were very distinet for this regionm,
Finally, the third zone was taken between the transferrins and the
insert line., The types occurring within this region were of'ten
very faint, and within samples from any individual piz could be
hephazard in occurrence,

As the heaviest steining bands were in the second zone,
this area was investigated first, Within this zone it eppesred
at first, that there were three phenotypes, thet is a two band
system, one band and no bands, The latter being pomparsble to
the anhaptoglobinaemic type found in man, Smithies (1955); Allison
etal, (1958) and Blumberg (1960). Further investigation showed
that by adding varying amounts of a pig's own fresh haemoglobin to

an unhaemolysed sample of iif s own serum, that the binding cepacity

| of /
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of the haptoglobin moved through three phases as follows:=

1¢ Phase I: The unbound haptoglobin in an unhaemolysed sample
appearsd as & thick band in an advanced position in front of the
transferrin bands, It was stainable with nigrosin but not with
benzidine,

2. ?ﬁi‘ge-liz A partially bound haptoglebin/hasmoglobin
complex appeared in the middle of the transferrin bands, It could
sppear with 1 above, or 3 below, or all three could occur together,
all of which were stainable with nigrosin, This band was stainable
with benziﬁine.

3. Phase I1I: 4 couwpletely bound haptoglobin/haemoglobin
complex which appeared as a very thick, dark staining band in a
backward position at the end of the trausferrin region. This band
could appear with 1 and 2 above, or with 2, or completely alone:
when fully saturated with heemoglobin, It was stainable with
nigrosin and bengidine,

These three phases ave illustrated in Phctog_raph No, 4,
which shows two halves of the sames gel, Gel 4 is stained for
proteins with nigrosin, and gel B stained with benzidine for haemo=
globin, The No, 1 position on Gel A is comparable to the No. 1
position in Gel B, In this position, pig No. 7854 had no heemo-

oF HAPTog
globin present in the serum sample, and the unbound fraction,is

[\
shown in Phase I in Gel A, In positions 2, 3 and 4, increasing
emounts of haemoglobin from pig 7854 were added to it/ 5 own Serum,
With the addition of haemoglobin, the mobility of the haptoglobin
changed and is shown as a two band system becoming a one band

syster in Gel B, and & three band system becoming a one band system

in /

Lobn



107 a

Photograph No.4.
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in gel A,

In position No., 5, pig 9624 is an example of an anhapto-
globinaemic type with no bands present in either gel, On adding
the pig's own fresh haemoglobin in excess to the same serum sample,
it is shown in position No, 6, that there is still no formation of
bands. Therefore no binding of the haemogl obin took place.
Several pigs showed only a very faint hapt globin band even afier
complete saturation with haemoglobin., The location of the haemo=-
globin stained with benzidine 2s shown in position No. 6 is identical
to that occupied by fmé haemoglobin, when subjected to starch gel
electrophoresis, This is illustrated in photograph No. 5 mentioned
later in the text, The hypothesis is therefore advanced, that all
the phases mentioned above involve one protein, which appears to be
& true haptoglobin in that it binds haemoglobin, The various
phases are stages in the binding of this protein to the haemoglobin
molecule,

It will also be seen from Gel B, that despite the addition
of fresh haemoglobin, no lines appeared in front of zone No. 2,
But in other haemolysed serum samples from these same pigs, it was
observed that definite staining occurred with benzidine in the
albumin region, also bands appeared between the al'bum:lh and zZone
No, 2, This implied that some breakdown had occurred in the haemo=~
globin contained in the haemolysed samples during storage. To
investigate further, fresh haemoglobin was converted to alkaline
haematin, and added to the unhaemolysed samples of the seme sera,
Flectrophoresis revealed bands identical to those shown by the
haemolysed samples. Also, the bands between the albumin and the
true /

5
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true haptoglobins in zone No, 2 appeared to resemble the haptoglobin
phenotypes mentioned by Kristjansson (1961), and corresponded to
the haem-protein bands of the fast -dlz-globulin in human sera
mentioned by Allison (1957). The occurrence of methaemalbumin
has also been reported in human sera by Hensley and Blackburn
(1952) end Allison (1957), and would appeer similar to the albumin
staining observed when haematin is added to pig serum. In photo-
graph No., 5, the position of methaemalbumin, haem~-binding proteins,
free haematin and free haemoglcbin are shown in relation to the
true haptoglobin of zone No. 2. A further experiment with pig
785L serum is shown in photograph No, 6, which also indicates the
independence of haptoglobins from hasem-binding proteins. In
position 1 on this photograph, there is the normal unhaemolysed
sample of this serum, and in positions 2, 3 and 4, increasing
concentrations of fresh haemoglobin have been added to the same
sample, The position of the haptoglobin protein is altered, but
no metheemalbumin or haem=binding protein is visible. On adding
alkaline heematin in increasing concentration to the unhaemolysed
sample in position 6 and 7, no alteration is apparent in the hapto-
globin protein, but methaemalbumin and haem-binding proteins become
visible., The adding of fresh haemoglobin to a sample already
containing haematin in position 8, immediately affects the hapto=
globin bands, but there is no change in the other fractions. This
illustrates that only haptoglobins bind fresh haemoglobin, and only
haem-binding proteins and albumin bind haematin,

It should be emphasised that this experiment can only be

executed successfully, if the haemoglobin is teken from fresh whole
blood., /
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Photograph No.5.
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Photograph No.6.
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blood., Even storage in & refrigerator for 24 hours will not
prevent breakdown in the haemoglobin, and binding to albumin end
haem~binding proteins will occur, if 24 hours old heemoglobin is
pdded to an unhsemolysed sample of serum,

If is proposed to discuss the system of haem=-binding
proteins, or globulins in the next section, as a separate entity
from haptoglobins,

The final zone No, 5 has still to be fully investigated,
although photograph No. 6 presents some explanation for some of the
bands which occur in this esrea, It will be noted, that in position
No. 4 and slightly in 3, the appearance of e dark band approximately
1,5 ems, from the insert line, This is ebsent in the samples
containing haematin, but redppears in position No, 8, when fresh
.haamoglobin is present, Possilly this is another haptoglobin, but
it only eppesrs when the haptoglobin of zone No, 2 is nearly
saturated, because there is no suggestion of this band in pesitions
1 and 2, where the haptoglobin was not saturated, Slightly ahead
of this other haptoglobin, there is a band eppearing only in
positions 6, 7 and 8, and agein this may be another haematin-binding
protein, because it does not appear in positions 1 to 4, Ahead of
this band there is another faint band, which is slightly in front
of the slow(X z-globulins. This is common to both haemoglobin and
heematin samples, A further band is often seen just behind the
main saturated haptoglobin., Although not present in this gel, it
appears to be associated with complete saturation of this hapto-
globin,

(e) /
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(¢) Inheritance of haptoglobins: In an attempt to find if

the genes controlling the presence or absence of haptoglobin
segregated in a mendelian manner, the distribution of offspring from
matings involving these types were calculated. The results are

shown in Table 43,

Table
Mating type | Segregation of offspring
' Total
& @ + -
=i 6 0 6
e 58 5 63
+ + 171 0 171

The segregation is not mendelian (See 'Discussion')

3« Heem=binding proteins obuling) in pig sera The method
adopted to if;léazfljr"ia.éh;bifybéhe different types of these proteins
was differer;;_bﬁfi:'om that desar.ibe& for transferrins, In attempting
to demonstrate polymorphism in the post-albumins of pig sera, the
method used was found to give very clear haem=-binding protein
bands, The following method was therefore adopted routinely for
their demonstration, '

(a) Methods: The electrode buffer was similar to that
described for transferrins, but the gel buffer was composed of
0,103 M, tris and 0,007 citric acid., A final pH of 8.2 was
obtained by mixing 125 mls., of tris solution with 375 mls, of eitric
acid solution, At this pH, the elbumin was separated further from
the transferrins, and was concentrated into a smeller band, thus
leaving a clear field for the haem-binding proteins., However, the
increase in molarity resulted in an inecrease in the temperature

within /
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within the gel, and at room temperature under increased voltage,
the ambient was as high as 55 to 60°C. To obviate the possibility
of denaturation, the complete electrophoresis run was carried out
in a refrigerator at £4°C. This kept the ambient within the gel
down to 30 to 3500.

All serum samples which were not already haemolysed were
mixed with alkaline haematin, The haematin was obtaine% by boiling

Cﬂ-sgf__u_'TIDN of 200 - et Laml
the equivalent of 200 mgms. of haemoglobi ﬂe}ution in 1 ml. of

water with 5 ml, of 0,1 N sodium hyﬂroxids for five minutes, When
cool, 0,05 ml, of this solution was mixed with 0.1 ml. of serum and
left for Bi Mours at +4°C,

Electrophoresis was similar to that described for trans-
ferrins, except that after removal of the inserts, the voltage
gradient was increased from six volts per centimetre to 13 to 15
volts per centimetre, The brown line wes allowed to move 11 cms,
from the insert line before electrophoresis was stopped.

The staining procedure for the gel was similar to that
described previously,

(b) Results: As the metheemslbumin zone remsined constant,
only the other haem~binding proteins showed variations, and as they
occur behind the albumin with the globulins, it is proposed that
they be referred to as haem-binding globulins.. A total of ten
phenotypes were detectable and each type i@illustrated in photograph
Nos. 7, with the aid of a schematic drawing of this phoéograph. The
homozygote types appeared as two bands and are referred to as O, 1,

2 and 3 haem~binding globulins, The various combinations of these

types /
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Photograph No.7.
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types in the heterozygote form, as demonstrated inm the_photognph,
appeer as three or four bands depending om the combination, With
benzidine stain, it is not completely satisfectory from a photo-
graphic point of view, but all the bands shown in the schematic
drawing have been observed at one time or other during the course
of this investigation, All the bands cannot be shown completely
on one gel, because their demonstration depends on the relative
haemolysed state of the serum of the aiﬂornnt types.

It is proposed in this thesis, that the above phenotypes
are controlled by four slleles at the seme locus., These alleles

0 2

1 : 3 -
g * Hs., Hg anst « Their existence is

demonstrated in the segregetion results shown for the different

are referred to as H

phenotype matings within the parent population deseribed clsmihera.
These results with chi-squared velues for deviations from expected
are shown in Teble LlL.

Table ki Vi
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Table Ll
Seggegaﬁion of haem~binding globulins among offspring of difﬂgﬁntggggl

hating type Distribution of offspring

2
Total | d.f.
3 2 190163 1 32 145125 3 tx:

03 03 |2| 3 5

0> 33 5 4 T 1| Oet4
S 116 116

70043 8 8 16 I

1 9 2

R 10 7 17 1 | 0.52
LI b 1 2 7 2 | ko3
- U 2 2

23 13 3 3 1 1.9 7 3 3.85
23 3 1] .3 b

: el 10 10

3013 17 #1| 78 1] 1.28
323 | | 8 | 3_@ IR P o g

None of the deviations from expeéted are significant, and
the segregation results are in agreement with the existence of four
alleles at a single locus, referred to as the haem~binding globulin
locus,

4. Pig serum caseruloplasmin The electrophoretic analysis by
Uriel (1958) first indicated that humen plasma copper protein is
heterogenous with respect to its molecular composition, Morell and
Scheinberg (1960) then purified by chromotography human caeruloplase
min subfractions from the plasma of 9109 donors. Electrophoresis of
these subfractions showed at least four different caeruloplasmins,
Then McAlister et al, (1961) presented evidence for multiple
caeruloplasmin components in human sera, Using vertical starch gel

electrophoresis, /
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electrophoresis, five eleetrophoretically distinet proteins having
one or more characteristic properties of caeruloplasmin were
isolated,

It was first shown by Holmberg and Laurell (1951), that
caeruloplasmin could oxidise a number of substances, the best
substrate being p-phenylenediamine (PPD), Using the PPD oxidase
acitivity as a measure of the caeruleplasmin in sera of different
species, it wes shown by McCosker (1961), that pig sera has twice
the activity of human sera, and four times that of other domestic
species,

To investigate the possibility of caeruloplasmin variants
within the sera from different pigs, the following method was
applied:=

(a) Hethod: Electrophoresis was exactly similar to that
described for transferrins, except that the brown line was allowed
to move 11 cms., from the insert line before electrophoresis was
stopped. Two techniques for the detection of caeruloplasmin were
tried, In the first; the bottom layer of the cut gel was stained
according to the method described by Morell and Scheinberg (1960)
with modifications., 1In their method, paper strips saturated in a
solution of 1.0 M sodium acetate buffer (pH 5) containing 0.57%
P=phenylenediamine dihydrochloride were pressed on the cut surface
of the gel for five minutes, and then removed. The gel was then
placed in a closed, moist chamber and allowed to stand for one to
three hours at room temperature until dark purple bands developed.

In the modified technigue for pig sera, the same solution
of acetate buffer and PPD was used. Instead of using paper strips,

however, /
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héwever, it was found thet total immarsion of the cut gel in the
buffer at 3790, gave better results, The optimum time for clearly
distinguishable ceseruloplasmin proteins wes epproximately 45 %o 60
minutes af'ter incubation, At this stege the gel was photographed,
end the different types ‘classified, After one hour of incubation
the oxidase sctivity of the copper proteins began to give a diffuse
purple staining reaction with the PPD, and obliterated any bands
which were previouély discernible,

In the second method, an attempt was made to precipitate
the bound copper as copper rubeanate within the starch gel using a
solution of O, 1% rubeanic acid in 70% ethanol as described by
Uzmen (1956)., This method was not sueccessful,

(b) Results: 4 totel of three phenotypes were detected during

the investigetion, and sach type is illustreted in ﬁhotograph No, 8,
The schematic drawing of this photograph is slso shown to indicate
the interpretation of these types. The homozygotes appear as
three bands with the middle band showﬁng the darker staining
reaction, Two homozygous types are recognised and classified as
type A and B with the A~type being the faster migrating protein,
The combination of these two types in the heterozygote gives &
phenotype showing five bands, which is also illustrated in the above
photogragh,

In reletion to the other proteins, the caeruloplasmins
are slightly slower in mobility, than the transferrins, At pH 7.6
they appear as three bands in the homogygote form as described
above, and are in the seme gzone as the transferrins, At pH 8.2,

however, they appear as two bands and are behind the transferrins,

Tk
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1t should be noted, that because of their oxidising ability they
are stained slightly with benzidine, and therefore should not be
confused with heem~-binding globulins. At & gel pH of 8.2, they
appesr as feint lines beiween type~3 haem=binding globulin and the
saturated haptoglobin.

It is proposed that the thrse phenotypes described above
ere controlled by two allelic genes at & single locus.  Their
alleles have been called GuA and CuB. To test the simple genetic
hypothesis of two alleles, the results of tests of sera from off-
spring from different matings of parents are shown in Taeble 45,

All meting types were not eavailable, because of the low frequency of
type A caeruloplasmin in the parent population. The latter is the
same population as described in other studies.

Table 45

Distribution of caeruloplasmin types
améng offspring of different matings

Mating type Distribution of offspring : [ 2ty
‘Total | d.f D{‘
8 Q A AB B :
AB x AB R | 3 o 5 9 0.2
AB x B : 6 | B 1 346
B X AB 3 3 6 1 0
B x B 223 - 223

The results in Table L5 are in accord with the genetic
hypothesis of two alleles at a single locus,

(c) Gene freguencies: The frequency of these alleles were

calculated in the Large White and Landrace breeds from the same

gsamples used for the transferrin gene frequency study. The results

il
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are shown in Table 46,
Teble L6

Freguency of two aslleles at the Cu-locus in two breeds of pizs

Breed and No., tested
Cu :
alleles Large White Landrace
(113) (83)
A 0 0,05
B 1,0 0,916

The A-type caeruloplasmin was completely absent in the
Large White breed, and of relaotively low frequency in the Landrace
breed,

5. Pig serum amylases During the process evolved for the
staining of caeruloplasmin with p~phenylenediamine, the gel was
incubated at 3700. for neerly one hour., [This appeared to activate
an enzyme present in the serum, which digested the starch, The
areas digested appeared as collapsed areas in gels which had been
incubeted and then left to dry at room temperature for 24 hours.
These digested asreas showed variation between individuals, As the
enzyne involved, digested starch, it was believed that it might be
amylase, 'The following methods were used to investigate this
possibility,

(2) Methods: The electrophoresis technique described for the
transferrins was used to separate serum proteins., One layer of the
cut gel wes incubated at 37 C. in acetate buffer (pH 5) without PPD
being added., It was left for 24 hours in the buffer at this
tempersture, Then it was removed from the buffer, washed with
distilled /
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distilled water and heated very gently in & solution of Benedict's
reagent in & tray, As amylase is capeble of hydrolysing starch to
maltose, which is a dlsaccheride, this in turn can reduce an
alksline copper solution (i.e. Benedict's reagent) to cuprous oxide.
On boiling the gel, a green colouration appeared in the gel from the
insert line to around the arsas occupied by the enzyme, and within
these areas a light orange colour developed.._ Beyond the zone
occupied by the enzyme, the gel did not change colour, The appear=-
ance of precipitates of cuprous oxide indicated the presence of a
reducing sugar, To demonstrate the hydrolysis of the starch, a
gel was sliced trensversely into sections imediately after electroe-
phoresis, then each section of gel was incubated at 3700. in test
tubes containing normal ssline, A drop of dilute iodine sﬁlution
was then added to each tube af'ter five hours., The presence of
starch wes indicated by a blue colouration. In those sections of
the gel believed to contain amylase, there was no colowr reaction,
but other sections of the gel beyond the amylase zone gave a blue
colouration, This confirmed thet the starch in the aress occupied
by the enzyme was hydrolysed.

It is aisa lmown, that the acit ivifyof amylase is
inhibited by heevy metals and uree/(Tong, 1961). To investigate
this faet, 0,1 ml, serum samples from one animal were incubated with
0,05 ml, of & 1% end 5% solution of urea at room temperature for 15
hours, These serum semples along with a normal sample f‘romfthe
seme animel were run under standerd electrophoresis conditions,

One layer of the cut gel was stained with nigrosin, and the other
incubated in scetate buffer at 37°C. for 2 hours, The latter wes

then /
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then boiled for five minutes in a 10% mixture of glacial acetic acid
and glycerin in distilled water until the gel cleared, It was
allowed to cool and then dry out on a glass plate at room temperaturﬁ.
In photograph No., 9 it can be seen thet a definite digested,
collapsed area appeared in the gel for the normal sample, and a less
definite area also appeared for the sample containing 1% urea.

No collapsed area could be seen for the sample incubated with 5%
urea, The other gel stained with nigrosin did not reveal any
absence of protein fractions through precipitation by the urea.
Therefore, it appeared that the presence of urea in sufficient
concentration inhibited the activity of the enzyme., The enzyme

in question therefore had properties similar to amylase.

In the routine investigation of pig sera for amylase
variants, the slice of gel used for caeruloplasmin identification
was also used for amylases, and left in the buffer at 37°C. for
several mord hours, After approximately three hours the gel and
buffer were taken from the incubator and left to stand at room
temperature overnight., After 15 hours at room temperature, the
gel was removed frqm the buffer, and boiled for five minutes until
clear in a mixture of acetic acid, glycerin and water, When cool
the gel was placed on a glass plate and allowed to dry at room
temperature, The areas occupied by emylase appeared as discrete
indentations in the substance of the gel, and were easily identified,

(b) Results: The most frequent amylase band identified
appeared in the regionof the slowcx;z-globulins. It is referred
to as type-2 amylase, In some pigs, however, another band appeared

between /
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between this type and the saturated haptoglobin, and it is called
type-1 amylase., A further band appeared in other individuals

between the No., 2 type and the ingert line., This is referred to as

type-3 amylase,
in any individual serum,

These bands could appear either alone or in pairs
Only four phenotypes have been identified
so far, and_they are illustrated in photograph No.10, and the
schematic drawing of this photograph. The four phenotypes are
types 1, 1-2, 2 and 2-3, No individuals of type 1-3 and 3 have been
found, but are postulated,
In the distribution of offspring from different phenotype

matings within the parent population, the existence of three alleles

The results are shown in Tgble L7,
Table L7

Distribution of amylase types among offspr

at a single locus is proposed.

of different eno e matings
Mating type Distribution of offspring 2
Total des | X
3 ? 12 2 23
2 x 12 3 L 2 7 1 1.42|
e X8 d 20L © 200
2 x 2% ] O 3 15 1L 29 1 0,04

Unlike the other protein fractions discussed in this
section, the phenotype representations of the gene controlling their
synthesis is a single band in the homozygote and a double band in

the heterozygote, The segregation results are in agreement with

the existence of three allelic genes at a single locus, It is

2

proposed that these genes be called Am1, Am~ and Amj.

(e) /
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(c) Gene frequencies: Frequencies of these alleles were
calculated in the Large White and Landrace breeds, The results are
given in Table 148,

Table

Frequency of three alleles at the Am=locus in two breeds of pigs

Breed and No. tested
Am
alleles Large White Landrace
(113) (83)
1 0.07 0.2
2 0,93 0.8
3 0 0

The No, 1 amylase appeared more frequently in the Landrace
breed, but No. 3 was ebsent in both breeds. In the gene pool
group of animels in the parent population; No, 3-type emylase was
identified, therefore it seems probable that it was introduced by
either the Wessex or Tamworth breeds.

TESTS FOR ASSOCIATION BETWEEN DIFFERENT SERUNM TYPES:=

To test the independence of the genes controlling the
various types within the transferrin, Haptoglobin, haem-binding
globulin, caeruloplasmin and amylase loci, 2 x é‘\conzingenoy tables
were calculated according te Fisher (1950). The parent population
was agein treated as random for the following tests, Figures for
expected values are in parenthesis, The chi-squared test has not
been applied, because many of the values are less than five in
number, but it will be observed that agreement beiween observed and

expected is extremely good.
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2. Haptoglobins
Totals
+ -
AL 3(2.8) - 3
:1 » Transferrins AB 1 2( 1M, 2) - 12
BB L3(44) 4(3) L7
Totals 58 L 62
3. Haem=binding globulins
Totals
03 1" 13 23 33
o S T | 3
1. Transferrins AB 9(7.5) | 2(2.3) 1(1.4)] 12
BB [2(1.5)] 27(29.6)[ 10(9.1)| 2(1.5)|6(5.3)| 47
Totals 2 39_ 12 2 7 62
L4, Caeruloplasmins
Totals
AB BB
AA 3(2.,9) 3
BB 3(2.3) 1 (Lka7) L7
Totals 3 59 62
5. Amylases
Totals
12 22 23
A4 3(2.8) 3
1, Transferrins AB 12(11) 12
BB [1(0.76) | 42(u3.2)[ 4(3) L7
Totals 1 57 L 62
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3, Haem=binding globulins .
: Totals
03 11 13 23 33
+12(1.9)| 37(36.5)| 11(11.2)} 2(1.9)|6(6.5)| 58
2, Haptoglobins :
- 2(2.5) | 1(0.8) 1(0.5) %
Totals 2 39 12 a9 7 62
L. Caeruloplasmins
Totals
12 22
+ 3 55 By XS oo pau
e Haptoglobins (7 L
- L L p = Between
0.1 and 0,05
Totals 3 59 62
5, Amylases
Totals
12 22 23
s |100.9) | 53(53.3)  u(3.7) 58
2. Haptoglobins
Totals 1 57 L 62
3. Haem=binding globulins
Totals
03 1 13 23 33
AB [1(0.1) | 1(1.9) 1(0.3)| 3
4, Caeruloplasmins
BB 1(1.9) {38(27.1)[12(41.4)| 2(1.9) |6(6.7)| 59
Totals 2 39 12 2 7 62




3+ Heem-binding globulins
. ' Totals
B e R
PN 1(0.6) 1
5. Amyleses ,, 2(1.8)| 36(36) [10(11) |2(1.8)| 7(6.%)| 57
23 | 2(2.5)| 2(0.8) ' 4
Totals - Sl USSR\ 2. 2 == . 62
5. Amylases
Totals
12 22 : 23
4B ' 3(2.8) 3
4, Caeruloplasmins
BB |1(0.9)| o5u(54.2)] 4(3.8) 59
Totals 1 57 L 62

In none of the tables considered is there a deviation

from expected, which is significant., It can therefore be assumed

that the various genes within the five serum protein loci are

statistically independent of one another for this population,
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ISCUSSION O Sy

The observations in this study of biochemical variation
within pig blood, as confined to the electrolyte constituents and
serum proteins, supports and extends the knowledge previously found
in other species. Like man end the other domestic animals, the pig
is no exception to the new biology of biochemical individuality.

In this study alone, the pig has shown more individuality among
serun proteins, than has been determined in many other species
hitherto, Present observations indicate that this yarianee may be
extended to other serum components, especially pre- and post-
albumins, end other enzyme systems. In considering the results of
the present investigation, several facts have emerged, which form
the basis of this discussion.

It is epparent that pigs camnot be divided into distinct
genetically determined groups on the basis of their bleood potassium
and sodium content, Statistical evidence, however, indicates that
variation does oceur, end this veriation may be familial., Whether
this means thaet it is heritable in the sense that the expression of
the genes controlling potassium, for instance, could be gqualitative,
or it is a maternal effect is speculative. One factor which could
have a mediating effect is environment, and this can be dismissed
gonsidering that all the samples were obtained from animals kept in
& constant environment, No family studies were made i.nvolving
animals of particular potassium levels, because the variance within
individuals, although not as high as that between, was not signifi-
cantly different to give a clear distinetion. It was noticeable,
however, that the average red cell potassium value for two families
could differ by as much as 10 mEg./litre, which is twice the
stendard /
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standard deviation for the mean value in any breed., Also,
individuals from two different families could differ by as much as

20 mEq./litre, whereas the deviation within each family was mever |

&8 high, Careful selection of potessium types and interbreeding
within types at two extreme levels of the normel distribution |
curve might create two distinot classes of pig for potassium values.
Obviously the genetic basis for control of these different levels of
potassium in the blood of pigs is more diverse than the single

locus control found in sheep,

Some of the serum velues in this study show good agreement
with those published for thirtesn adult pigs by Widdowson and
HeCance (1956b). For serum potessium, they quote a value of
6 m Eq./litre 4+ 0,6, and for serum sodium, a velue of 144 m Eq./
litre + 4.7 is given, No whole blood values were caslculated. 1In
their other communication, McCance and Widdowson (1956a) give
potassium values of 471 mgms./100 gms, of packed eells, and 482
m Bg./litre for cell water for nine adult pigs. The two wvalues
given were calculated by first weighing pema cells devoid of
plasma, then lysing these cells in an equal volume of water and
then estimating the potassium content in this cell water. As the
volume of cells weighed is not stipulated in their data, there is
no way of relating their estimations to those given in this disser-
tation,

The electrophoresis technique applied to s tarch gel as a
supporting medium for the separation of serum proteins, has proved
as in other species, to be a most rewarding technique for the
demonstration of varients in pig sera. 1In the transferrin fraction
studied three sllelic genes, called T.%, 7. ana 1.% appesr to be

responsible /
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responsible for six transferrin phenotypes called A, 4B, AC, B, BC
end G,  The existence of two elleles at this locus has been
reported independently by Ashton (1960) end Kristjansson (1960).

It would appear from the deseription given in both papers, that
these alleles are similar to the '!rA and !!rn reported here.

Ashton reported that each allele gave rise to three zones in starch
gel using phosphate buffer. These zones were divided into a
faintly staining zone, followed by & moderately staining zone, and
then by a more intensely staining zone, The pH of the gel buffer
was exactly similar to that described for transferrins in this
thesis, Kristjensson, on the other hand, using tris and dilute
hydrochloric acid as a gol buffer was able o demonstrate two
transferrin gones in starch representing one allele., 0f these two
zones one band was more intensely stained than the other., He did
not give the pH of the gei buffer, but this picture is very similar
to the chenge in the transferrin zones observed in the present study,
when the gel buffer pH was increased $o 8.2 for the haen-binding
globulins, Is is therefore obvious that the gel buffer and ionie
strength of this buffer cen affect the change on the transferrin
protein molecule quite considerably. Although molecular size pleys
an important role in separation by starch gel, any observation on
differences within a component should be carefully related to the
composition of the buffer solution used, The range of techniques
in the application of electrophoresis to starch gel is almost as
diverse as the serological techniques applied to red cell antigens.
Without exact standardisation of techniques, the only alternative in
assessing new variants reported by other workers, would be the

exchange /
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exchange of sera of lmown types. It is inevitable, 'hmvar-,- that
the techniques reported by some workers may heve to be adopted by
others before these variants become apparent.

The € transferrin described in this dissertation appears
to be an additional type to those reported previously at the transe
ferrin locus. The labelling of the three different types A, B and
¢ with B,>? substentistes the claim that these proteins ave transe
ferrins, as suggested for types A and B by Kristjansson (1960) after
staining gels with Nitroso R salt reagent,

| It mey also be claimed that heptoglobin, that is the
haemoglobin=binding protein does not show genetiec variastions within
pig sera, - That is, with the possible ex?a'ptian of some pigs,
which do mot eppeer to have this prat'ein,r or only have it present
%o a limited extent., It is suggested in this dissertation, that
the heptoglobin types eontrolled by thrse allelic genes as reported
by Kristjansson (1961), and an sdditional type recently reported by
Hesselholt (1963) are in fact haem<binding globulins. In this
report, Hesselholt deseribes four haptoglobin types ecalled 0, 1, 2
and 3, which appear identical to Kristjanssen's three types, with
the exception of type 0. These types also appear similar to the
0, 1, 2 and 3 haem~binding globulins described in this dissertation.
It has now been established with the co-operation of Hesselholt,
that the four haptoglobin types deseribed in his paper are in fact
haen~binding globulins, and not true haptoglobins,

It is also interesting to note a2 passage from Kristjanssals
paper on haptoglobins (1961) in which he states, "the amount of

haptoglobins /
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haptoglobins 4 and 5 present, veried considerably from sample to
sample, but mo attempt was made to stuly the varistion,” A photo-
graph illustrating hepboglobins of type 1 to 10 in the ebove
communication indicetes thet heptoglobins 4 and 5 are similer to the
phases II and III desoribed for the true haptoglobins in this
investigation,’ |

The complete absence of haptoglobin in the sera of some
pigs has not been referred to by other workers, but has been
reported in man (Allison et al,, 1958). They found in Europeans
that the proportion of individuals without heptoglobin is less than
1%, but in Nigerians was found to be as much as 33, It must be
remembered, however, that Laurell and Nyman (1957) demonstrated im
humans, that the intravenous administration of haemoglobin sclution
resulted in no haemoglobinurea occcurring until the plasma hapto-
globin was fully ssturated. Once fully saturated, however, it was
rapidly eliminated from the body, end if sufficient heemoglcbin was
present the plasma could be completely depleted of haptoglobin
within 24 hours, On stopping the hasmolytic process, haptoglobins
reappeared in the plasma within a few dsys. Those pigs showing an
gbsence of haptoglobin were not resampled, so it is not kmown if
the sbsence was trensitionary and perhaps due to a temporary intra-
vescular haemolysis. As this condition is very umlikely in the
adult pig, end several other animals were observed to have only
minute quantities of haptoglobin in their sera, this could indicate
that some other genes may have & suppressor effect on the synthesis
of haptoglobin, The evidence from the family studies showed thet

the/
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the inheritence was not of a simple mendslian patterm. It would
eppeer that further mabings involving consanguinous animals are
essential before any genetic imterpretation can be established for
the presence or absence of haptoglobin,

The picture presented by the other haptoglobins and haem-
binding proteins in zone No, 3 is not clear as yots Results were
not consistent, and further experimentation is necessary, There
was some indication, however, that variation might ocour in the
haen~binding protein in this zone.

The evidence for two alleles called A and B gontrolling
three caeruloplasmin phenotypes A, 4B and B is believed to be the
first report of variation for this component in pig sera. @ Proof
that these components ere caeruloplssming is based on the oxidation
of parsphenylenediemine and benzidine only, and not of other
substrates, as has been shown by Leurell (1960). = Experiments
using specific imhibitors are being investigated to substantiste the
claim that these fractions are copper-binding proteins. A4s far as
can be determined, this is the first report for any species presente
ing evidence for genetic control of caeruloplasmin by allelic genes
at a single locus,

The variation in an eunzyme capable of splitting stareh sad
having properties similar to amylase iz believed to be an original
observation for any species, However, & report by Ashton (1960)
on thread protein polymorphism in the plg mweay bear some relation to
this enzyme, Ashton was not clear about the nature of the thread
proteins he observed, but was able to show, that they were controlled
Wy two alleles called T‘ and TB, and were represented by three pheno-
types called T1, T1/T2 end T2. In a recent communication with

Ashton /
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Ashton it was agreed, that reference sera should be exchangedto
establish the possible connection between these fractions, 4s it
i believed they mey be similar, the alleles Am' and An° may
correspond to the T and T alleles sbove, The Am® allele
reported hepe will therefore form e new allele within this system,
and the possibility of six phenmotypes is suggested, of which, four
heve alveady been found,

In the tests for associstion, no correlation could be
found between the different serum types. To confirm these findings
at tha level of the gene, all relevant double backeross matings
were examined, The number of families giving this type of meting
were very few, In those families which did, however, the following
tables indiocate that genes at the transferrin end heem-binding
globulin loci were segregating independently, slso no linkage could
be found between the heem-binding globulin and amylase genes.

1. Test for linkage betwaen transferrins end haem-bindine glohulinss

Hatingl e . Segregation of'orfapting.

& s 8, 8, a; .‘L.
trpn /Hg‘l'l 3 rf“‘ /5513 rf""/xs“' Qru /ng” ,fna /B; 3 Trm /HE‘H
. 1st Family 0 1 2. 2

2nda ° 1 0 2 i

Total dbaarvea 1 1 L iy

expected 2,25 | 2.25 2,25 2,25

This gives a ratio of five nom-parental to four parental

types, which does mot deviate significantly from expected.




2,
. }l_a.ting Segregation of offlpr_igg
T e BB : LY
5, 22 _ . 15, 23 13,, 23 13,, 22 53,, 23 33,, 22
" /A,f.il x 35_ /A, B, /8, H, /%“_ ", /Am__ 8 | /#‘
18t Femily o s s 2 . iy
ong " Lk G 2
Total ohserved ' 7 b Y g 2
expscted | 375 | 3.3 | 3. 3,75

The ratio of non-purentel to parentel types is 6 ; 9,
which sgain is not significant.

It is inleresting to uote that Smithies and Hiller (1959)
ebserved independent segregation of genes at the transferrin locus,
and vhe genes coutroelling the heptoglobin types, also some red cell
blood groups is man., They did not ezclude linkage, however, but
believed it o be very maiikaly. The question of association and

linkage between the red cell antigens and the serum types of pigs

is considered in the next and final section.

Independence of the genes controlling serum types and red
¢ell antigens within the parent population were again tested in
2x2end 2x n‘ contingency tables (Fisher, 1950). Exact proba-
bilities were calculated for all the 2 x 2 tables, because they
contained values less than five. In the 2 x li"%&blea, expected
values are given in parenthesis beside the observed figures; In
those instances where deviations are apparemt chi-squared values
were not calculated, because thdy also contained values less than
five. The agreement between observed and expected can be observed
by inspection, however, where chi-values were not caleul ated,




1.
Antigen +
A -
+
+*
E‘ "
+
E‘ b
+

X

AA AB BB AA
2(0.9) | 3(a) | 15(15) |20  + 3(2.3)
1@ o) [ s0e) [13™ - otop)
3 13 K7 |63 3
A& AB BB AA | AB BB\ Y
3(2.5) [13(10.6) 36(38.8) 2+ 101.2)] 2(5) | 22(184) 2
0(0.5) | 0(2,2)| 41(8.2) |11 ® - 2(1.8)[14(8) zggza',g“g
3 13 L7 |63 5 | 13 L7 |63
AA AB BB AA AB | BB
1(1) | 3(6) | 16(15) |20 + © o(1.2)| 66..5)| 6
22) _f0(9) | 31(32) |43 * - 3(3) 1131.8)246.2,9 |57
3 13 W7 |63 3 1 13 57 162
AA AB BB AL | 4B | BB
2(2) | 9(8.2)| 29(30) (k0  +0(0uk)| 2(1.9)[7(6.7)| 9
() L u(.8)] 18(17) (23 P 3(2.6) [41(11 3)|5
3 13 L7 |63 5 | 9 47 163
AA AB BB AL | AB BB
1005) |5(2) | (7k) 10+ 0(1) | blan7) 19(r7) 23
2(2,5) 1 8(11) 143(39,6)(53 ° - 3(2) | 9(8.3)I28(30) |10
3 13 K7 |63 5 13 | 47 |63

The velues given in the above table do not show o signifi-

cant deviation from expected, and therefore no association can be

found between the red cell antigens and transferrins,
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The probsbilities indicate that heptoglobin is independent

of the red cell antigens,

3.
m-.mlm slobﬂ_:i#s_ - Totals
o5 ‘| m i | 9.

Antigen +(0(0.6) | 13(12.6) | S5() | 0(0.6) |2(2) 20
A -12(1.4) | 26(26.4) | 7(8) | 2(1.4) | 5(5) 42
 Totals | 2 P e ol 7 62
e o e | e Totals
o 205) [29(30) | 9(9) [ 1(1.5) [7(5.4) | 18

E"_ - | 0(0.5) | 10(9) 3(3) | 1(0.5) | 0(1.6) 1%
Totals | 2 R £ |7 62

+| 201.6) | 35(32) | 14(9.9) | 2(1.6) | 1(5.7) 51
o) | am | 1@ | 0w |6 |
Totels 3.0 | iaBl s g okl U g
o3 | 1 | a3 | 25 [ 33 | motars

5 0(0.8) | W(15.7) | &(4.8) | 1(0.8) | 6(2.8) 25

& ol 2(1.2) | 25(23.3) | 8(7.2) | 1(1.2) | 1(4.2) 57
éqma 2 39 12 2 7 %

+| 0(0.6) | 13(12.6) 5() | 2(0.6) | o(2) 20

%a «| 2(1.4) | 26(26.4) | 7(8) 0(1.4) | 7(5) 42
Totals 2 5 12 . 2 7 62
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Heem-binding globuling
e

| 03 SR e ...33___ iy
, e[ 268 [ ae) s [20m] 6
®  =]2(1.8) | 37(35.3) | 10(10.8) [2(1.8) |5(6.3) | 56
Totals 2 39 Ty | el 62
o8 |4 13 | 23 33 | Totals
o *[003) | 26(s)  10(7.5) [2(1.3) [4G) | 39
% -l2(0.7) | 13(1.5)|  2(4.5) [0(0.7) | 6(2.6) | 23
Totals iy 39 | -2 7 62
03 | 13 |25 | 33 | totals
. r|oes) 1(5) 4(1.5) [0(0.3) | 0(1) 8
T l21.7) | 35(3) 8(10.5) [2(1.7) | 7(6) 54
Totels 2 39 12 2 | ¢ 62
Some———— o S ————— —
03 _ 1 | i 13 _ 23 33 Totals
+|0(0.3) | 6(5.6) 3(1.7) [00.3) 9
oo ol2(1.7) | 33(33a)|  9(10.3) |2(1.7) | 7(6) | 53
Totals 2 | '#® 12 2 7 62
i o] 200.7) | 19(1) 5(s)  [100.7) |4(2.6)| 23
a . 28(25) 7(8)  [1(1.3) | 3(kab) 39

ke /

considered in the next seetion.

On inspedtion of the above tables an obvieus diserepancy

et oks. Bednian Ao shevived sud sxpestal SXgura tn 414 sells fob
I. antigen Kb and haem~binding globulins, types 1 and 3,
| is also apparent between these types end antigens Ka and Ee'

possibility of the genes for these types being linked will be

A discrepancy
The
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0 2 2t
K‘ S . 5 5
il 7 TR G [
3 - 59 62
E =02
AB | BB
+ 1 5 5T
!‘a '
o faal Skl 56
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The probabilities indicate that there is no correlation

between casruloplasmins and the red cell antigens.

5. Iest for association between amylases and red cell antigens:

Amyléues '
— Totals
12 22 23
v | 1(0.3) 17(18) 2(1.3) 20
Antigen A
- 0(0.7) 40(39) 2(2.7) 42
Totals 57
Amylases Totals
12 22 23
+ | 1(0.8) 6(kl) 1(3) 18
B - 0(0.2) 11(13) 3(1) U
Totals 1 57 L 62
e e e e e e e e e e
Amylases
: . Totals
ol AR 22 23
A 46(47) 1(3.3) 54
L - | of0) 11(10) - 0(0.7) 1
Totels 1 57 i 62
Amylases
: _ Totals
12 22 23
K, + | o(o.) 22(23) 3(1.6) 25
; - | 10.6) | 35(3u) 1(2.%) 37
Totals 1 57 L 62
: Totals
12 22 23
+ 0(0.3) | 18(18) 2(1.3) 20
E
» . | 100.7) 39(39) 2(2,7) k2
Totals 1 57 L 62
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Awmylases
. : . Totals
12 2 23
4 + | 0(0) 3(5.5) 3(0.4) 6
A S _ 54(5145) 1(3.6) 56
Totals | 9 57 i 62
i Aw].aies s i
_ | | _ il | Siaits
o N | 0(0.6) 35(36) 4(2.5) 39
’ - 1(044) 22(21) 0(1.5) 23
Potals A 57 L 62
ok LE s
Anmyleses
Totals
12 22 23
E'_ + | o(o) &7 2(0,5) 8
4 - | 1) | 51(50) 2(3.5)

The observed and expected figures in the sbove tables show

lases and red cell entigens.

E::d agreement indicating that no association could be found between




(&) The cnlir' serum protein component which showed asssocistion
with some red cell antigens was the haem=binding glohﬁlin fraetion,
In the 2 x 1_12_;_‘1‘\. tables, antigenic factor K, showed e negetive associ-
ation with type 3 haem-binding globulin. To establish the possi-
bility of linkage between the genes for haem~binding globulins and
antigenie fmtn_r.Kh, 2ll the svailable double backeross matings
involving these genes were investigated, The various families
showing backeross matings involving the different haem-~binding
globulin alleles amd X° are grouped together in Table 49 (i to 1ii)s

Zable 49
(1) !afing. 2 shrny Segregation of _ﬁi_'!'apring
O3 < B3| B | gy 3 | G| e
3 e e sl g
1st Family R 0 3
o 6, N P O e, 3
Totalobserved | 9 | 0 | o0 | 6
No, expested | 3.75 | 3.75 | 3.95 | 375

-

X% = 15 for 1 d.1f. e s P = 001
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(i:!.)"

Ha.t:.ng ' Segré;gation of offspring
5 E (o) | (a) [ (a9 | (o) |
Kbb/n:3 - 5P /3;3 P /331 3| xBb /nsz.; PP /3513 PP /ng_.ai
1st Pamily 3 1 "o 2 |
2nd 6 0 0 3
o 2 0 0 3
Totel observed L | 1.1 | 1 “ 0 .8
No, expected i 5 5
H’XZL I 6 1 1{3 0 +8)° |
w A6k 068 4 &fs 4« = 004
(441) | Mating ' _ _ Segregation ; ortsprin;' .
e Q (8,) | (o) | (2 | (&)
K;Bb /3805 - xbb/agﬂ o0 /3803 KEB/HEBB ol /3:5 zOP /nsﬁl
1st Femily 1 .. 0 .
| 2na ® 2 0 0 3
'Potal observed | 3 0 0 4
No. expocted B | LB | B | s

X2 = 7fr1af. ..p = Between .01 and .004
| There is significant evidence of linkage in the coupling
phase between haem-binding globulin alleles H 50, H ; and K: and
antigenic factor Ko, The intensity of this linkage, where p is the
re_éom‘bination fraction and Sp the variance may be calculated as

TP |
P u M in coupling

r¢llows g

n
= I ¢ = 0 r 2

s

Sp = L/B(L=D) = 0,02 or 2.4%

Unfortunately /

n
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Unfortunately no family date waes aveilsble to confirm
that ﬂte_H; éiiele,was in the repulsion pﬁase with the IB allele,
The statistical evidence for mg&t}w association, anﬂ. the above
date indioa.te that this is probably the case. In celoulating the
freguency of these types within tize parent pepulatibn on fha basis
of their phenotype frequencies, the expected mumber of animals
appearing_' #s K_h' end H 83 ‘positive were celculabed:=-

©  x E? x Mo of animals
059 x 0% =z 63 = aﬂia’.ls
On this basis, therefore, 9 animals were expected to be

freqimhéies

type Kb end H 85 pasiti.ie, whereas in fact there was only one animal
of this type. |

(b) The possibility of association between faetor K= and the
haeme~binding globulin alleles was suggested by the above data and
the 2 x n' table, Only one double backeross mating was available,
and the segregation obtained within this family is shown in Table

504~

Meting Segregation of offspring
R | - ' ._
: _ 11 : 1 - 1"
g 3 & 8 g e
No. observed 1 1 4 1
No. a_xpucted. _ 1 1 1 1

The segregetion of gemes within this small family was

|
normal .

(¢) The only other antigenic factor showing deviation from
expected within the 2 x n' table was fagtor B°, TPemilies giving

backeross /
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backeross matings for three haemebinding globulin alleles and the
EY gene sre given in Teble 51 (4 to 11i)s=

Table 51
@ | sting  Segregation of offspring
R e R Y
geesm 13 . goom 11| 13 |8y, 11| 00, 13 |ee, 11
MRy e /8 xm/xs gna_/ns B/, _E./Hs_
ist Pagily - 3 < 2
2nd " 0 1 i 1
fo obervet | 0 |4 |3 |3
o, expeoted 2.5 | 2.8 | 28 2.5

oo : S
2 (0 = b =3 4
KH - o 16‘2 2
= 1,6 for 1 4,f. = p = Between 0.3 to 0.2

h !atins' ot _ | &greéq.tion- of éffupﬁng _.
J e (o) | (8) | (o) | (s
S SRS o Sl o Sl o R b o Sl o R
st Panily By vl q
No, expected | 2,75 | 2,75 | 2,75 | 2,75

2 (62-241)
)C alle 11
= 0,8 for 1 d.f, p = Between 0.5 and 0.3
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(111) __ nfﬁiﬁg | . sesregation of offspring
. e 0. | Gagdil (agd | (a)
e, 33 13 e, 13| . Ee,. 33| .ee,.. 13| .ee,.. 33
= ‘EEQ/H f/xs. .EE_./'Hs_'__Ej ./H.s.__s /8
Wstmny. o o TG S o SR
expeatad 2,25 2:'.'25' i 2,25 L] 228
. - 2 4 1)2 |
in 9 i
= 0.1 for 1 4.1, p = Between 0,8 %0 0,7
The distribution of oﬁ‘spriné; from _backm'oaa matings
involving heenebinding globulin genes K,', B, and H,> with the

gene for antigenic factor b indicate that no linkage was detectable,
DISCUSSION ON RESUL

Autosomal linkage between gonsa for red cell groups and
other whr genes has been widely :l.n?'eaﬂ.ga;tea in man, Rece and
Sanger (1962) give a list of publﬁ.ea.tficms bj various authors on
this subject. Nome of these invest:@igatiuns have revealed linkage
between serum protein markers and the red cell groups. Linnet-
Jepson et al, (1958) showed indapendent segresation of the genes
controlling haptoglobin, G groups :-anﬁ red cell blood groups:
4BO., MNS., Rh,, P, Lewis, Lutharain;ma Duffy,  As (queted
previously, Smithies and Hiller (1959) also found independent
segregation of genes at the transferrin aﬁd haptoglobin loei, and
the red cell blood groups: ABO,, MNS,, P and Rh,

The findings in this 1njaatiga.§ion of close linkage
between the haem-binding globulix_;i- locus and the K red cell antigen
locus, therefore appears to be ;z‘ixique for any species. At one
stage of the study of the diff?;'ent backeross matings, it was
thought that Ib and Bs genes wre alleles at a single locus.

However, /
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However, the eppearance of one offspring type (EB/K" ‘ H:/h:) in
the recombinant class dismisses this possibility. = In the parent
and offspring populations, four animals of similar type, that is K
and 36'3' positive were found, The distribution of gametes in

these animals which were either K(a + b +) or K (a ='b +) and
H:/E; means that the H s"' gene must appear in both cases on the
same chromosome with Kb. These animals indicate that some erossing
over must occur between the two loei, and confirms the appearance
of the ome recombinant in the double backeoross matings,

The question of whether the haem~binding globulins may
be serum antigens which can coet the erythroeytes and thereby be
related to the K entigens is also raised. It is known that the
Lewis substance in man is absorbed from the serum on to the red
cells (Sneath end Sneath, 1955), also that the J substance in
cattle (Stormont, 19%49); the R substance in sheep (Rendel, 1957)
and the A substance in pigs are water soluble substances absorbed
on to the cells from the serum. None of these substances sre
antigenic however.

Oudin (1960) hes demonstrated serum allotypes in rabbits
by injecting rebbit antibody-antigen complexes into other rabbitsto
produce several detectable precipitins, thereby demonstrating
individual differences in gemma globulin antigens in rabbits,

There is also evidence by the immunoelectrophoresis
technique for g(z-glohulih (Gc) antigenic differences in humen semm
a8 shown by hetercimmunisation (Hirschfeld, 1959), and by iso-
immunisation (Allison and Blumberg, 1961), It has also been
demonstreted by Bo Gahne (1962), that in %wo Guernsey cattle lacking
the alowMQ-globulin, when injected with cattle serum containing
slow Q{a-globulin produced precipitating antibodies against this

glycoprotein. /
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glycoprotein,

The fect that K, and Kb antigens stimulete antibody by
heteroimmunisation and isoimmunisation has been demonstrated in
this dissertation and by Andresen (1962)., It is also known from
2 recent communication with Hesselholt, that in copbined work with
Brummerstedt-Hansen, the four haptoglobins (i.e. haem-binding
globulins 0, 1, 2 and 3) he described have also been distinguished
by immunoelectrophoresis agaimt rabbit antiepig serum, Therefore
the haem~binding globulins probebly have antigenic properties,
which are distinguishable, VWhether a linkage of 2£5‘betwbeﬂ genes
responsible for the synthesis of & serum ¢omponent and a red cell
antigen can have any bearing on e possible cross specificity
between these factors is a challenging question, The present

answer is equivocal, but the challenge is unequivocal,
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Appendix 14
List of enimals givine an antibody response after immunisstion ‘
K_Q;-- WB = Whole blood
WC = Washed cells
NK = Not known
NT = Not typed
No, of | No, of Pre- h!l.'ransfuutew Antibody titre mspo;nsa Antigen Anti- |
B g o [ — e | by
| breed | breed | (ags.) éss- i e Anﬁfhb‘ if knowmn | lateq
1 | LW 9011| LW 9091 - WB i/m 1in 16 - m E, -
2| LW 9493 LW 9280 - L 1 in 128 - M J, - |
3| LW 9091| LW 891L - Wi 1in 6 - m E, No, 2 |
L|Lw 8927| LW 1554 | 1 in 8 LI 1 in 256 - NT E 4+ unknown| No. 5
5| LW 9011| LW 9091 {in 1 L f4n & - NT E, -
6| W 3217| LW 84,38 - " . <1 in 32 - M Not kuows -
7| W 3247| Lw 8402 - " . 1in 1 - n'z RS =
8| W 3217| LW 8447 - " <1 in 32 - M . -
9 - | w87 m |2ndc.v.V. |<1in 8 - 1 .gn 16> = » &
10 - W 1488 NK 2nd C,V.V. |1din 2|1 in 512> <1 i;a 6l w. No. 6 |
#|wsw8| w5806 | - | Wei/m fin 16| - | 1an16 | v e o
12 " W 5807 - .9 14n 8 - <1 in 6l mijc » -
13 " W 6101 - L <f in 2 - <1 ifz 2 " " -
W| = W 5871 . " oW <t in 2| mr NE £ "
15 N W 5861 - LR 1dn 2 " 11;127 "o o
16 " W 5862 - ... 1in 2> " 1:1564; " " -
17 " W 5863 . " <1 in 128 " . L -
18 |Lw 7881 W 989 - &W i/m k1 in 81 |14dn 32> (<1 din 28| * ® No. 8&9
19 . W 3220 - & WC {40 6itin 4 | 14n 6| ® ® -
20 " W 3338 - & WC <1 in 128 |1 in 128 NT iy &
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Appendix 14 (contd,)

b No, of

¥

" No. of Pre~ Antibody titre response Antigen
o, | domor recipient|injection me“' differ- Antibody
‘. and and titre kn . ence isolated
breed | brecd (agg.) | T° | Mgg. | Heem, |ntiglob, | if known
21| W 989| W 6157 - WB i/m > NT P NK E
22 » W 6184 - L 1> NT NT NK -
23 » W 6182 - LI < > NT NK -
2L " W 6197 - L > NT N? "R -
25 " ¥ 6262 - s > NT N NK =
26 . W 6658 - .« " 1> NT NT WK =
27 | w6715 | - . W <t i HT NE -
28| LW 254 | L¥ 9091 <1/3 | WB+OrilleWe| 1/27 Ny NT B, G, H, 7, Noo 10
RI-
29|LW 255| Lw 8457 - R g <1/3 1/81 (B, G & X No. 13
30|Lw 1853 | ¥ 25 /9 | * v mefdgal 1 is 8| N A, B & K No. 11 & 12
39(LW 1557 | W 563 /5 | & o sialars N7 NT E, -
32|LW 4731 [ TW 255 - LBt NT NT (A, B, K -
33|LW 3760 | LW 262 - | WB4OPid14W0| - /9 | <1/21 (&, K No., %
3, |LW 1859 | LW 25L <1/27 |WB & wC - |<1 in 213:;] NT A B, &K No. 15




No No. of &emr“ﬂo. of mupient.m-meoﬁ?mmua Anti'boﬂy' Antigen difference
°| end breed | and breed titre (agg.) | and route |response if known
1| 1w 8927 LW 8914 - VB i/m - Eg
2 LW 203 LW 262 = " - LS
3| Lw262 LW 203 - " & H,
& | LW 1443 LW 1523 - " - K
5| LW 375 LW 3727 - y - A
6| LW 3760 LW 3980 - " - H,
7| 1w é291 LW 6629 - " - Ho/a
8 | Iw 1859 LY 3760 - . - By
9 | LW 56 LW 375k = " - 6, K I,
10 | Lw 5048 W 5870 e " - KK
" . W 5852 =] " = NK
12 v W 6008 = " - NK
13 o w6138 - i = EK
% » w 6139 - » = NK
15 | LW 4907 LY 4734 - WBa'Orill!| - 3,
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Appendix B
(i) Eractionation of Antiserum No. 1: The sera from three pairs

of monozygous cattle twins known to contain J antibody were tested
against kmowmn J positive cells, The results of a haemolytic test

are shown below:-

Dilutions of sera
d +ve cells Sera
| 1in1 2 4 8 16 32 64 3¢ c'C

M7 114B 5 5 2 O S
. B BB - - - = S
o 5 5 5 = + « = - = MZ 24,3 A
% 5 55 - = = - - = ¥ B
06
- Bl 5: 8.8 3 4 & = e | W2 a#za
e 5 555 5 & § & s S
A U174 B- 809 B Bw s s

As MZ 206B serum had the highest titre, it was selected
for testing againnt pig cells.

Six unknown pig cells were tested against this serum in
2 haemolytic test:-

Dilutions of !ﬁ 20638 lém _ ]
Pig cells
: 14n 1 2 4 8 16 32 64 128 256 512 sC C'C
No. 1 il R R il R R
" 2 P RN T S e e i 2 -~ GNE
B 9 § TIARATRE g g G VRN 3 1 XS
. b 5 5.5 5.5 .5 5 -4 2 1 W
* 5 AR W R S S e - - o=
“6 h‘ £|'32 1 L hod - - - - -

A matrix anslysis was then carried out with these cells:=
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ok it Mz 206B ebserbed with ca}ls | Prepessl
PL - PR PR CPR NRESS P antigens
P1 v - - - - .- - -
?2 - - - e o - ==
P3 T A8 S\ Ak W %
. SIS N S ST S S R A
P5 - - &l i l o -
. T T e ¥ g TR A
?ropéae& entibodies present

Cell No. 5 was selected to ramove ‘the species antibody
et an absorption ratio of 1 to 1.

MZ 206B serum sbsorbed pig 5 cells was then tested sgainst
a further 6 pig cells:-

Dilutions of MZ 206B sbsorbed pig 5 cells
Pig cells

1in 1 2 & 16 325&-128 256 512 sSC cC'C

&
Plg 7 g cg R T RIS SIOREID N S DR WS
e

" 9 - - - - - - - - - - - -

ot 10 - - - L - - - - - - - =
" 11 - - - - - - - = - = = -

" 12 - - - - - - = - - - - -

As it wes believed that all the negative reacting pigs did
not have A antigen on their cells, them it was possidble that they had
anti A in their serum, To test this hypothesis, then all twelve
¢ells were tested against each serum in a direet agglutination test.

The individusl scores are given:-




Serum from animals
Test Cells

P1 P2 P53 P, P5 P6 P7 P8 P9 P10 P11 P12

P1 . » ® ® » ® o ® s ‘l- o ™

P2 G i Wt e gt A R TR

I(a) p3 T iy VISR R R AR
(a) Pu i M : ey ot . Ao N, N e
P5 & TR N O PRl N Rl el

P6 e R el R I " ‘ "

(a) »7 R e T, TR SR, e sl Dl
(a) p8 0 eaB¥ ey 8. ¥ 3
P9 CUNE] Ul T e S R Wl S - el < (S

P1° . ° . @ ® ' 3 e ° . ']

P14 : e et D R e N L
P12 i TSR T e TR e a2 R

This confirmed the findings with MZ 206B serum, in that
only the negative pigs showed antibody against the A positive pigs.
The serum from pig No. 10 showed an additional antibody to anti-A,
because it also reacted with two A negative cells, The titre of
anti-A found in the pig sers did not compare favourably with that of
MZ 206B, and consequently the latter was selected for detecting the
A antigen on pig cells.

The results of testing agaMt cells from the known
reference panel are given on page L1,

To further test the uﬁity of MZ 206B serum absorbed pig 5
cells, a further panel of ten positive cells were tested in a matrix
analysis elong with a known A positive cell. 411 the cells showed
a negative reaction with the sbsorbed aliquots, thus confirming the |
specificity of the antibody.

(42) /
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(i1) Eractiomation of Antise : The first matrix analysis
includes four unknown positive cells with the donor cells and one

1.
A /

(Scores for 1 in 2 dilutions of antiserum)

mggtive cells=-

il AP 8914 antiserum sbsorbed with cells Propose
Test cells : v - ' antigeng
e ! 730, 7215 7310 6907 7225 Domor Recipient| on cell
7304 g Rea i e Vo 24 £
- S R T 2 22 2
_._.7310 - i - 29 % - 22 Eb
s s e 28 e i B
Donor “- e = 25 - 2k £
Proposed antibodies in serum !

This analysis indicated that the antiserum was homogenous,
To confirm the antibody content another matrix amslysis using ten
cells of the reference panel including the donor and the recipient

was completed:-
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 (Scores for 1 in 2 dilutions of antiserum)

AP 891k antiserum absorbed with cells

Test cells ; ';:; Antigens
oWl ) e
RS b R e e
8927 IR T T T e i T e -
262 VSOOI e e TR 0 W LA D AR, -
9011 1% 49 ¢ 20 20 19 29 20 ;' 24 B,
203 . o . o . o o e . s
3727 TR PR PR R R T i L SR .
375‘!‘ @ . ® ® 0 » ® © ® ® -
3760 S e At Ve g . Fad -
3980 e T g e Rl T g s -
Donor 2 20 . 2 _22 : 23 20 2% . 22 Bb
Recipient o % & . s . . SR . -
% % - ® & K B E - K
Antibodies

washed cells

tion ratios.

overleaf:=

from sow 203, which carried antigen Ib'

The absorbing cells were Kb negative,

(iii) Frsctionation of 8 No, 3: As explaimed in the text,
this antiserum was produced by immunisation of six rabbits with

antiserum was then absorbed with sow 262 cells, at different absorp-

aliquot was then tested back against these two cells as shown

Each rabbit

Each absorbed




(Score for 1 imn 2 dilutions of antiserum)
Haemolytic score after four hours

| Absorbine rebio | '
Rabbit

Test

@ 262
©ells | 401 114 1:6 138 1340 | Antiserum
203 (D)| 13 13 12 13 142 ;,R 112
7GR SRS e A e o e e
203 ()| 27 27 28 26 26 5 i
262 : 2 - - - - ¥
05 (@) 3 - o o - g R 90
262 3 - = - -
soxisi. 9 ¥ tis . znﬂo_
262 . 5§ . 2 . e = -
203 )| 21 20 24 20 19 | ¢ & 148
262 : 5 TR o B .:- g £
203(p)] 5 2 - = i { R 134
262 5 2 - - - ;

On the basis of the above test, rabbit antiserum 114 was
selected and absorbed with cells 262 ﬁ an abgorption ratio of four
volumes of cells to one volume of serum, The absorbed antiserum
was then tested against four cells of the referemce panel, of which
cells 262 were included &s a control, because this was the only

source of K‘b negative cells at that time.
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(1 in 2 ailutions of antiserum)

Test cells . Weslhdnd absprbed i s Antigens
8914 9091 9011 8927 Domor 262 |
o —— _.__ _  ,-, : . :
9091 - - - 22 K
9011 - - B - 20 X,
8927 | = - - - -2 Ky
eleg AT 3 < : 3 K,
262_ i ® - - - - - .
bttt Rl
Antibodies

It was later shown that testing R 114 antiserum @ 262 cells
against rendom cells did not give & clear qualitative reaction, and
it was subsequenily found that this antiserum required further
fractionation, The antiserum was tested against twenty unknown
cells, seventeen of which gave haemolytic scores ranging from 23 to
25, and three cells gave haemolytic seores of 11 to 13. One of the
low scoring cells was selected for ebsorbing the R 11k @ 262 anti-
serum, On testing the absorbed aliguots against all other cells
used previously, sntibodies wers removed completely for the low
scoring cells and lef't for the seventeen high scoring cells.
Further ebsorption with each of the seventeen cells showed that the
absorbed antiserum could mot be fractiomated amy further.

(iv) PFractionation of Antiserum No, 4: This antiserum was obtained
as a result of immunisation of six rabbits with 443 cells carrying
rantigena Ka and Kb' Each rabbit antiserum was then absorbed with
1523 cells at different sbsorption ratios, The absorbing cells

were /
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were Eb positive and Ka negative, [Each absorbed aliguot was then
tested back against 1443 and 1523 cells as showa in the table belows

{8cores for 1 in 2 dilutiomns of antiserum)
Haemolytic score after four hours

Absorbing ratio
Test — - Rabbit
cells |@ 1523 Antiserum
| | 112 13 1:6 1:8
w3 2z 23 2 |,
il R S e .
wi@| - - - -3
1523 Rt T
w3 )| 16 17 8 45 | { R 9%
00 ) Sl
w3 (@) 0 39 M w0 |3 o oo
1525 15 P )
We3 (B) | 22 25 25 22 } R 108
1523 § e wil )
w3 ()| 25 25 22 25 [ { ...
o A T e ;

méral rnbbita' antisera apﬁurad equally effective for
the poasible “%etbn of k‘. Antiserum R 108 was selected for
further fractionation after sbsorption with cells 1523 at a 1 in 4
ratio. An ebsorbed sliquot was then tested against six cells of

the reference panel including the domor:-
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Sl ; R 108 @ 1523 cells in dilutions oi_‘ K Antigens
1402 & .8 .46, 32 6 ' 88 prosent
203 - LG S R VAT YR A
262 » - - = e - = -
9091 s I e K,
891 5 6 e SO SRS - - K, %
w43 (D) 5 . S T - K., K,
15235 - ' - - - LT E!

Aliquots of R 108 @ 1523 eatiserum were then absorbed

with each cell of the reference pemel including the demor amd

tested back in 2 matrix analysis:-

R 108 @ 1525 aﬁsarhe_’& itn

'.l'aﬁ Cells Antigens
s 203 262 9091 891 W43 1523
203 TR IR R e e %
262 - . * - 5 ” S
9091 T e
8914 B g el s T Koo By
TR ST ol S S | R S O far %
1523 - o * ¥ i 3 5

" i i 5 *a

Antibodies

(v) Erastiometion of Antiserus No, 5: Obtained from pig 155

after immunisation with whole blood from pig 8927,

In the first

matrix analysis, ten unkmown positive cells plus the donor and one

known cell sre included in the analysis:~




A %

(Scores Por 1 in 2 dilutions)
Agglutinstion reaction -~ two hours at room temperature

B3=1554 a.ntiaem @ with cells
8 1l p
Tynt eells, ~ o o O = o & w0 gk 7 % z::g;:;:.
i aien e e AT L S 5D
A IR M . P
Pig 6 |- - - 28 29 29 - 30 28 29 - 28| B -
"7 N2 - 13 27 26 28 41 27 27 26 13 26 B B
"8 « =« = 28 28 25 ~ 28 29 29 - 28| E =~
;v. 9 tc i il .| B G L
(Rie i RO S e el L e R W el e e E,
M0 e 9 e e 9 s e - T
.19 Sw = 27 2627 ~ 27 26 B '« 27| B =
® U H2 = 12 e e e 11 e e - 13 13| - B '
"6 M1 = 0 . e = 1 = = = 42 93| - B
6291 h e A eiie e WS e SN W] 6 R
Donor wow e JO2R O - B9 30 B9 TRy
Roeipient = = = & &« « = <« & 2 & ]| - =
- :.- - a8 a a ot a a a” a
b = B # = & B « = = Db b
Propoaeci antibodies |

It was app‘mu:t from this matrix enelysis that serum 1554
must have contained an antibody prior to immumisation with 8927
cells, The pre-immunisation reaction between 8927 cells and 1554
serun was negative, To test the possibility of this other antibedy
being anti—Rb, all the cells in the sbove matrix were tested against
No. 2 antiserum (i.e. Anti Eb). Gells Nes, 7, 9, 10, i1, 14, 16
and 6291 were ell positive, and the remainder were negative, Anti-

serum B3-1554 was therefore absorbed with A4-6291 cells to remove
the Eb antibody.
on /
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On testing against seven !'t_;ell's in the reference panel,
this absorbed antiservm reacted with thres B positive cells and
was negative to four Ea nepative _celis. Absorption and metrix
analysis appeared to confirm the tmity of this reaction. Subsequ~
ently, Ihuw:ever, on typlug ceils i‘rméthrea Wessex sows, No, 989
geve & pa.rtial reaction, which m_g;e)iteﬂ a further antibody.
Absorption with these cells removed ghis antibody and still left
antibody foi' type Ea cells, & furthsr matrix anaiysia involving
eight cells of the reference ﬁmel inidicated that antiserum B3=-1554
@ 6291 @ 989 cells could mot be hmtm:"; down any further,

(vi) Iesctionaion of Antiserua Mo, §: Tais antiserua was obteined
from one of several Wessex sows inves'éi@te& for presence of anti-
body 14 days after the second *ithirdl"leinjacﬁioa of erystal vieletd
vaccine, Autiserua 1488 contained a ﬁrong acting haemolysin
giving titres beyond 1 in 102, using rabbit complement, This
haemolysin sppeared to be spescific for om antigenic factor as can
be shown from the metrix below, Ten pdiaitive'mham cells and one

knomn reference cell were used in this emalysisi-




- 169 =

{Scores for 4 in 2 &ilutions)
Hasmolytic resction - four hours st room temperature

| ¥ 1488 antiserum sbsorbed with cells
ﬁﬁaa‘é;m mr-uogf_\ﬂ‘gi’_\% Proposed antigens

8%\&:::::::::&
89U |- « = =5 e = o oo «47° & b
Plg 1 [~ = 4 =5 a e o o wy s b
) @ e e mn B e e e e T
. S RN T e SN R R P
Sk A8 Ol S e e G O a -
"8 |e e s e 3L os amaw kB ) b
42 |» = 2 = 5 « 4 a =« = = I8 8 b
" 43 |« = & = 6 = = « = « - 48 e b
L D E O AP A 1 a b
6 e e e e s T & B
L I T SE I T SR BT B L TR
L e L - -

5 ® @ ® = e = e = = « &

® w® w = b = & =2 = &« - b

Proposed autibodies

The titre of the week antibody 2id not extent beyond s
dilution of 1 in 4. Therefore it was decided to use antiserum
W 1488 at titres starting shove this dilution, so that the minor
resction would be avoided., On testing W 1488 antiserum against
known cells of the reference panel oaly, four cells out of thirteen
different bloods gave a positive reaction. It was apparent that
these four cells had the faector Ka in common, As Antiserum No. &
was used to identify antigemic factor K a? the two antisera were
used in parsllel against a comsiderable number of cells from differ-
ent animals, In every case without exception in testing rmr 400

bloods, the positive and negative reactions to these cells were

exactly /
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exactly similar for both antisers. T4 was therefore concludsd

that antiserum W 1483 was capable of detecting amtigenic factor B s

(vis) Txsetionstion of Antiserum No. 8: Wessex sow 989 was
immumised with cells fvom sow 8 7881, the only enimsl in the refer-
ence panel to have factor P 8t 43 the blood type of Wessex sow 939
‘was not kuown, there was no way of forecasting what the antiserum
Would contain apert from all the kwown entigems on § 7881 cells,
which was unlikely. In the first matrix analysis, eleven unknown
positive reacting ceils plus six from the reference panel including
the donor and recipient iera involved. Two of the reference panel
cells were iucluded, because they were negative to the antiserum,
and were used as 2 cheek on the patentiél antibodies prasants?
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{Agglutination score for 1 in 3 dilutions)

W 989 antiserum gbsorbed with cellsg-

Test '§ Proposed
cells "N MO ~D NS N =1 antigens

M~ o\ o o]

int s 1 = 5 e [ g -] psi.“‘iigag oﬁ
"2 | e 2331222 222=12=23=-=-X%
* 3 (101 2«10 = = «.= = «10 =11 9 =1|-E ~-X-
g 11 10 10 -10101010101110111011101011EaEb - ¥ =
Wi 10 10 2 210 « @« = =« = =» 10 « 10 10 = 10 -Eb -XY
i 10 10 2 210 = = & = = =10 =« 10 10 = 10 -Eb -XY
WS 0 27210 - - 5 > o w0 =10 -E =XY
® 10 10 10 2 210 = = « = &« =11 =11 10 = 11 -Eb -XY
¥ =49 10 10 2 210 & = = « = « 10 -1010_-11 -Eb XY
8457 ‘H‘lo2:am---------ﬂ:‘--*lc:‘:o--10'_--Eb -X¥
8914 g9 91 -16 g 40 40 11 10 10 41 11 11 = 10 11 Ka e
Donor 1717171717 1T 17 T 17T 17 17 18 17 18 15 - 18 -E.b!‘axY

& &4 & = a 2 &a &8 &8 &8 &8 &2 &8 &8 -~ & a

b b n-h - - - - - -b -bb ub

Fa Fa Fa. Fa Fa Fa Fa Fa ?a Fa Fu g;ﬁ Fa ?a. Fa = F‘94

- - - = - - - & - - - X-IX - X

= o Y Y"' o W A -Y -YY"‘ Y

Proposed antibodies




It appeared from this matrix that W 989 entiserum had an
entibody present, which was not induced by 8 7881 cells. _B.';r
absorbing with a wizture of plgs 9 and 11 cells, antibody was still
left exclusively for 5 7861 ceils, aiso for the unknown antibedy.
Another matrix amalysls was carried out involving four unknown
positive cells, also the donor end 8914 cells against W 969 entie
serum gbsorbed pigs 9 end 11 cellsis

(Agglublnation score for 1 im 3 @ilutions)

: : W9 @9 and 11 @ with cells
Test cells - : Antigens
Donor Pig 14 Pig 20 Pig 21 Pig 22 8914 Reedp. =
Donor = 18 18 20 - 18 18| - ?a.
Pig 1 5 - - - 7 - 6| E g ™
®. 20 [ - - - S - 6 E& P
" 04 5 - - - 8 - 7 Eﬁ. -
.. 22 - 19 20 21 - 20 19| = J;i'a
8914 5 - - - 8 - nis =
Racipien'h - : = e - - - - an -
& - - o a . L a
e Fe e LA T s N
Lntiboﬂias

From this metrix analysis W 989 entiserum sbsorbed 9 and
11 cells, also absorbed pig 21 cells was used for detecting anti-
genie factor F e
(viii) Fractionation of Antiserum No, §: The last matrix amalysis,
also indicated that an antibody was present for character Ea.‘
Therefore W 989 antiserum absorbed cells 9 and 11, also absorbed
pig 22 cells was used as an additional antibody for the detection of
factor E . It is shown in the text, that this antibody gave

jdentical results to Antiserum No. H.
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(ix) Frectionation of Antiserum No. 10: In the first matrix
analysis, eight positive rescting cells from the reference panel
including the donor, also the recipient were involved. From this
analysis it appeared that three antibodies were present:=

(Agglutination score for 1 in 3 dilutions)

Test WL 9091 antiserum absorbed with cells

' | Antigens
cells Donor L7341 1859 255 262 8,57 1557 563 Recipient proposed
Donor - il e b LS o R 2 - - 13 B & H
L7314 - - - - = 12 - - 1% E = H
1859 - - = - - 12 - = 13 E - H
255 - 3 AR [ R 1 - - 13 E & H
262 - - =z e a2 - - 1 BE = H
8457 - - A - s > 1
1557 - b i B j; e ae (it ¢ - = 13 E G H
563 - 11 0T e A Tl T e s 13 E G H
Recipient| -~ - - = = - - = - - - -

=]

- G ¢ - G G - -

- - - - - - - -

= e

Antibedies proposed

As enti E and G could not be divided by any member of this
panel, the 9091 antiserum was absorbed with 8457 cells to remove the
partial reacting antibody to H. The absorbed serum was then
fractionated further by four positive reacting cells plus two members

of the above panel and the donor eand recipient:-
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Test : m 9091 antiserun @ 8&57 @ with

' : - - Antigens
i 7582 7704 7707 7892 1557 563 Donor Reeiyient G
g wii ) GSHEa e g e e i B
7704 §. & TPE- LG DT ey $
7707 G R G g 7 - 6
7892 g e R IR g (g E -
1557 AR P B e e L A E G
563 NG R T i e E @
Doodr [ AR M P g E G

! .i__lecipieat - W e - - - - - - -
' £ e ke T Ry

A_n‘bi.bodies

Prom this analysis, cells firon pig 7707 were selected to
abaorb antiserum WL 9091 ebsorbed 8457 cells, This left en anti-
body which reacted with seven positive Ee ¢ells from the reference
panel, Absorplion with these cells demomstrated that the antiboedy
isolated was spocific and unit. This antibody was called Antiserum
No, 10, :

(x) Zraotionstion of Aalissruwm No, i1: The breakdewn of the anti-
gserun from which this aatdbody was derived is fully explained in the
text,

(xi) ZFrectionation of Antiserum 12: During the frastionation of
Antiserum No, 11 as explained in the text, another antibody was
4solated, This was obtained by absorbing antiserum 254 with cells
from pig Nos. 8457 and 262, then with 4734, Aliquots of the
absorbed gserum were further absorbed with six positive zeting cells,

also the donor and recipient®, and tested back in another matrix

analysisse
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254 @ 8457 262 and 4731 @
Test _ e e e e e e eemned  Ayibigens
cells Donor Pig 2 Pig 3 Pig 5 Pig 6 Pig 9 Pig 10 Reeip,

7 SR R W TR R T
Pig 2 - - 8 9 - - 40 0 |X - 2
S w1 T g e T ST - - 2. & % 8
. . - . S - - - o 3 |= X &
T - i 8 9 - - 10 % x ¥ &
s B - 2 3 M 2 - 40 13 (22 %
" 10 - 1 - - 2 - - 8 |= % 2
Recipient | = - = o - - - - - - =

- - X X - . X X

- Nk AR RS “ - - Y

- - - - z ~ - z
Mihodies

Antiserum 25k absorbed 8457, 262 and 4731 eells was
therefore absorbed further with a mixture of cells from pigs 3, 5
and 10, thus leaving an antibody for factar X,
(xi1) tio of Antiserum Ng, 1%: In the first matrix
anelysis of AL-8L57 antiserum, seven positive cells plus the donor,
and one megative cell plus the recipient were included, All cells

were taken from the refereace panel e




“ 476 =

(Score for sgglutinetion et 1 in 3 dilutions)

Hont | 8,-8457 entiserum sbsorbed with cells.
cells _ e Antigens.
Nt Doror 1557 563 254 9091 1859 4731 262 Recipient
Donor W o e A A A E & -
1557 - - w e Y W e e 1 E » =
563 - i e 8 ST 12 X e -
25l - § < 7a 49 8 9 @ ' 9 2 6 =
9091 d e i e e e e e e
1859 SRREET ) e R SR 7 X X
1!-731 » e e 9 - - - E - -
262 - 9 = = 10 19 0. - 11 E G =
Recipient{ - A s s B o i - L

- RIS SRR U e B

- " TRRIT RIS - SIS S S G

- - o SRICSUMRE e RTE X

" ankibedies

¥rom this analysis it appeared thet absorption with 4859
cells would leave an antibody ageinst antigen Ga' On doing this and
further absorption analysis within the reference panel, =2 specific
antibody for G appesred tobe left., o eomplete the analysis,
twenty unknown cells from e wide selection of animals were tested
against 8457 éntisarun absorbed 18059 cells, Only four positive
animsls were found and on sbsorbing the antiserw: with these eells,
also the four positive Ga. eslls from the Peference panel and testing
back in & matrix analysis, confirmed the unit specificity of this
antibody.

the entibody isolated was sn incomplete aggluiinin, In the initial
frectionation, six animals from the reference penel including the

donor and reeipient were included in the ratrix anelysisg=
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{Agglutinin score for 1 in 3 dilutions)

[ L o

H 262 mﬁsm absorbed

_av:;; i _ | Anti-
cells Cells geas

2 2 82! 4 Reeip.
Donor - 3 2 L - 8 11 ¢ K
2&‘. - - - - ? 10 G‘ -
255 - - - - 8 " G -
8250 - 2 2 - 8 9 | & K
3484 - : A TSR - 2| =8
kee‘ipien’k o o - - - -

- - - - G g’

- R W AT K

Antibodies

Antiserum TH 262 wes absorbed with W 3184 cells, and this

absorved antiserum was tested sgainst six positive cells selected

from twenty unknown c2lls plus the donor in a further metriz

analysis,

The snalysis showed that antiserum TH 262 absorbed

W 3184 cells appesred to ¢ontain only one antibody, which ecould not

be fractionated by further absorption,




