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(Repunted from Nature, Vol. 200, No. 4907, pp. 689-690,
November 16, 1963)

The Ci?(Caldwell) Antigen: a New and
Rare Human Blood Group Antigen related
to the MNSs System

Two unrelated families have been found to demonstrato
the inheritance of a new and rare red cell antigen, the
spocificity of which appears to differ from that of all other
antigens so far described. It is proposed that the now
antigen be named Cl2(Caldwell). - The close genetical link-
age of Cle to the MNSs system has boen established. In
the two families here reported the coupling of C‘lﬂ is with
Ms throughout.

The propositus, Mr. Caldwell, had donated blood on six
occasions, each time being.grouped as O. On testing his
soventh donation it was found that his red colls were
weakly agglutinated by the anti-B grouping serum in
routine use. Caldwell’s cells were not polyagglutinable,
nor were they agglutinated by any of a battery of high-
titre anti-B sera known to be potent in detecting an
‘acquired’ B antigen!, nor by & panel of high titre anti-
A+ B (group O) sera.

Initially we tested 11,000 random donors of all ABO
groups in the West of Scotland, but no other Cl{a+ ) was
detected. However, by charice, a second example of the
Cl2 antigen was encountered in a cord blood specimen.
The cells of Baby Gil. were agglutinated by the routine
anti-B grouping serum, but not by an anti-A 4+ B (group O)
sorum. The infant was in fact group O and Cla--).
It was established by cross-absorption and elution
tosts that the Caldwell and Gil. antigens were iden-
tical.

Bvidence from two generations of the Caldwell family
and from four generations of the Gil. family indicabes
that the Cl* antigen is the rogular expression of the
heterozygous state of an autosomal allele. The Gil. Cle
can by deduction be traced back for 6 generations to an
Irish woman born in Ulster about 1830. She must have
transmitted her Cle to the-child of each of her two mar-.
riages, so that to-day 27 of her living descendants are
known to be Cl(a+). As there iz not complete linkage
of Cle with the ABO, Rh, P, Kell, Dujffy or Secretor loci,
it can reasonably be taken that the new antigen is not
controlled by any of them. However, when the Gil.
family data are analysed with respect to MNSs and Cla
1t becomes apparent that there aire no certain recombinants
and 12 certain non-recombinants between Ms and Ola.
That such & finding is due to chance has a probability
of 1 in 2'%, that is, 1 in 4,000. In addition, the existence



of o further 30 almost certain non-recombinants confirms
tho closoness of this observed linkage. In the Gil. family
tho absence of a recombinant makes it impossible for us
to docide whether Cle is part of, or linked to, the MNSs
gystem. Cla must certainly now be considered as yeb
another of the rare antigens to be associated with the
A NSs systom in somo manner.

Dr, T. E. Cloghorn has confirmed our findings or shown
independently that the Cla antigen is not serologically
identical with thoe following antigens which are known’
to belong to the MNSs complex——I—Iu, He (ref. 2), Mia,
Vi (rof. 3), Mu(Murroll) (vef. 4), Sta(Stonos), Riz( R1dley)
(rof. 5), Vr (vof. 6), Mta (ref. 7) and Mg (rvef. 8).
antigen does not appear to bo similar to Mg; for example,

“thero are mo unoxpected dosage offects observable in
comparative titrations of Cl(a+) cells against anti-M,
-N, -8, or -s sera. However, we have not yet encountered
NN Cl(a+) or SS Cl{a+ ) bloods, and hence have not been
ablo to test them for dosage. Such groupings would have
been immediately indicative of recombination in the Gil.
family.

Tests (again largely performed by Dr. T. E. Cleghorn)
havo also excluded identity of the Cla antigen with other
raro or “private’” antigens—Cw, Cx, Ev, V, VS, Bi, Be,
Bpa(Bishop) (ref. 9), Bua(Boisvert) (ref. 10), By, Donna,
Good, Ho, Xp#, Levay, Pk, Radin-Fleming . (ref.. 11),
Stobo (ref. 12), Swa, Tra(Traversu) (ref. 9), Wb (ref. 13),
Woil, Wra, Chra, Yahuda (rof. 9), Pritchard (vef. 9), Evans
(rof. 14), Hunt (rvef. 15), Kennedy (ref. 16) and Go=
(Gonzalez) (ref. 17). Three adult Cl(a+) persons have
given normal adult I rcactions, while 3 strong. anti-Cla
sora have contained no appreciable anti-i. Cl(a+4) cells
gave normal positive reactions with anti-Vel, -Ge, -U, -H,
-Tja, with sera from ‘Bombay’ and D--/D-- persons,
with potato loctin and with human ‘D-like’ antibody
(vof. 18). '

Though the Cla antigen is, at least in Baby Gil., woll
dovelopoed at birth, there is no evidenco of it ha,vmg been
tho cause of h‘nmolytlc disease of the neiv-born in these
two families undor investigation. The 5 Cl(a —) mothers of
Cl(a + ) children have no detectable anti-Cla in their sera.
Seventeen - e:mmples of saline-agglutinating anti-Cla were
rocognized in a series of 4,083 random donor sera of all
ABO groups, thatlis, an incidence of 1 in 240 (0-42 £%oel conb).
Dr. T. E. Cloghorn found 7 examples of anti-Cl? in 1,243 -

random South London donors. ‘ '

Our anti-Cla sora have beon apparently of natural origin.
All had their optimal temperature of reaction at 4°C
or at 12° C, none reacting at 37° C. In keeping with the
findings of others!® regarding the action of enzymes on
antigen—antibody reactions within the M NSs system, the
presenco of bromelin, ficin, papain or trypsin was found
to inhibit the Cla-anti- Cla reaction. -



Finally, it is interesting to note that at an carly stage
of the investigation Cl(a+) ecells were found positive with
a South London anti-B serum, ‘Eastor’, which Dr. I.
Dunsford had shown to react with a Sheffield group O
donor. Subsequent cross-absorption tests demonstrated
that ‘Iaster’ serum. contains anti-Cl* in addition to the
antibody against the cells of tho Sheffield donor.

We thank Dr. J. H. Ronwick, Genetics Department,
University of Glasgow, for collecting numorous blood
samples for us, and for his guidance with the linkage
studies. We also thank Dr. T. E. Cleghorn, South London
Blood Transfusion Service, for performing many of the
tests involving rare antigens and antibodies, and Dr. R.
Sanger, Dr. I. Dunsford, Dr. M. C. Huth, Dr. M, Metaxas
and Miss van der Hart for their co-operation.
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16 was uﬁpsihle in the GP? Oﬂt @ﬁVﬁﬁt%gat¢oﬁ ga‘

-

@&&mémi&& techniealldy the ﬂ*&ﬁues& of the Pm@ ﬁmﬁﬁ s
mﬂ allelesy

’ Feom bieth to the age of 8 = 92 @ﬁnﬁhﬂ’a ehi%ﬂ*%“
G &t at ¢ s dependent on the ﬁbaha of his ﬁammamg O%Hiiﬂ
developments The Gm group at bivih is of maternal ovigin
having oroseed the plaasnﬁaﬂ and s 9n1y}&at@§ superceded by
the childls true heveditany G group {Linnet=Tops SOy
@a&aﬁiﬂgaﬁmnsen and Haugey ﬁ%jﬁ);' G@ﬁ@eﬁ&@u ily the um.graﬁps
of children u&&aﬁ'%ha'ém7 of % yua* avu best omitbed Peom
penabical linkage m.aﬁ:mm

'@ﬁ@viﬂﬁ ﬁyﬁﬁ&m‘iﬂ gaggﬁiaaliy'iﬁaep@nﬁenﬁ 6f'@m

(Ropartz, 1963), but as na‘aﬁﬁiéinvtgéﬂa“Wé?@ fovnd by me,
ith é@ml& naﬁ'b@ goudiods. | |
&ﬁzuﬁaua¢ﬁﬁ Posbn

. Gyouping Tophp R . :
: Seprch for my own antiethn Peagents involved

examinatlon of wﬁaﬁm&ﬁai@ apthritic ﬁ@ﬁa Por anbl-<Gm aqd
ﬂﬁ%‘miﬂv gpecifieities snd the ﬁ@&ﬁiﬂg pf a hatua%v QP antil-
ﬁhe&u& ﬁeﬁ& Tor their ability te @@%ﬂ Rnosus-~D{+) éolle with
apecific Gm oy Inv f&ébﬂﬁ%w To varying oxbtents, over 40
incomplote andisRhogus sera y&é?ﬁﬁ%a Wy Dre Je Welloce were

axamined ./



o i

oramined, bub it uas soon Ghvicus that Jmnedlate atbention
should be aqweeﬁayaﬁfﬂ Qﬁ only ? of ﬁggm; | | -

. <_‘.% . f?@m~ 158 yﬁaum&%mﬁd aehhriﬁ&m potients were
%Pwﬁéncq at a ﬁliuﬁlan a? L/io wlhh ped cel?s aua%ea u‘”':

fei&éwévg_

Girn® mm&%ing £rem aaﬂum 1386 ,

’ , gant by Do .1 Lawloer
Gt = i ﬁAjggsg '
? A w W gyem
i, TP ® R o Hem o Sl o
ot . w o w ) send by Dee Ao Gy Sheinberg
Ane™ o000 e " Rﬁﬂﬁm)“‘ - LR ‘
K g * i mmﬂg w@.lwg How ,‘b VL&Z’L;;‘ MEE’? 3531(1533?&

| %hmv*%“aénﬁﬂbyvﬁﬁy,ﬁ@'%éll“ée¢_
ﬁ@n@-ﬁé‘*hﬁ ﬁ&%@m@%@iﬁ'gaﬁa raaaﬁéﬁ.w th the @Eh
anatbed ce 33 W & ﬁf of ﬁﬁ@ﬁ e ﬁe Lﬁwtad further bﬁ&%&&@ of
roachions &@ QI on m@re Q? tﬂu @uhvf'e@ab;ﬂ beLLms "ﬁﬁa;v~
dimenslonal Lgﬁ?&:&&ﬂﬁ with' hﬂﬁu& gm (qvévjs &mggnyﬁ} ﬁﬁd "

G (a=) seva, as r&eammmm@ud by Harboe (%)Jﬁ bls PGV@&iﬁﬂ thﬂt
they inc&gﬁéﬂ ﬁ_mﬂb m&m. &ﬁd ? an%mmum ‘%wf la n*dy yaacnt
o be used dn Gmtyping bestss " | o

Eﬁgu,h@mﬁmlmmnyamﬁummﬁ%maﬁma-m@uﬁ@y

Rege 147/ 331311@& R ‘?*3‘;?12? qlby/ mﬁm ‘%m‘é Ragg Ak C“‘z 1L (“’e»(c,g chad m},@ }}q.;f:,
G fﬁ@hm“% while Roge 97/q01l ﬁ9h@ﬁﬁ@@.ﬁm»@ ; fe a%gQwﬁ .
“{?"‘@Viﬂﬁ@ a {3@1‘#;@:{%@}1@&3};@;@ BEPLES 0 oF Li«O & ﬂ‘f’i?{'l €‘lf:‘? "3':.93‘ X‘,ﬁ{l‘? ﬁii_{ flﬁ@.
v type Go ﬁaﬁ?@,aanewntﬁ§lﬁg' quNﬁiﬁg steinberg ﬁwnglieaii*

andi, Js‘!&éﬁ‘f ;
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fﬁﬂ.'ﬁié@i."‘ﬁ; Por the complexes Bomb/iven and Taylor/Ham, togethoer
wi th dnstructlons Por thely usg.

Detedlds of ihe complexes used to Gm-type the .f;‘amii;‘f
matewiﬂl are ¢ sumnarised in table L.  The red cells fwom only
| r:»rze group OcelBER donor weve used throughout, the donor heing
bli_;ec:i {an m*"a"@ ¥} Anto Ag‘-{}. Ll {acld eltrate~doxbroso)
golution end the dells ﬁizoxsed at R0 for a naximmm of 6 dayia

There were sufflclent resgents o perform the cu® typing

i)
o

i

tests dn triplicoate with diflerent couplexes s but insulTiclent

>

sntistn” aod "3,1‘3.'3-1‘“(55-'{&%

I practice s O Byping of the famlly material Involved
detvermining whether or not each seyrum inhibited ::mg,lurh:izmt:i.o:a
by anhisGm sexrum <:>f:{-? red cells with afm soprloate G coablng e

presence of tin subestence coused inhiblition of the resction

to give a negebive resding, while sbsance of the substance

Trom a nop-luibitory sevum allowed aggluitloation to take
PLACSG Slide tests mmsa.f, sted of mixbures of 1 dvop of

dilubed anbi-Gm +« 4 &:ls;“s:m of diluted serum to be typed + 4 dvop
ofl B cos Lc d cells geb up at ropu u@mom:' ature for he §imes
indleated (heble L)

3,

Pavallel soldine conbwol tests, lo which 1 drop of

a
e

dilne wes substlituted for the anbti~Gm ae:n::*um, were also
33.63\3@53{5@.3?3‘ GO z‘%c::i:@eﬂ these family material "r:srfm, conbalning an

A

agalubinabor :s'i‘@:a’f Gowcoated celle of natural ov rheunabtold

avigine



Such sera had to be typed, as vecommended by Harboe {1960),

»

by a combinatlon of ﬂ&ﬁhﬁ&guas @,g.,ﬁh@ agplutinaton was
Piret destroyed by heat at 63°C¢ for 15 minutes hefore the
serum could he dyped in the novmal mimn@wﬁ QQ38?ﬂ¢PQSt¢VGIJ}
advenbage was baken in aarefuiiy controlled and timed besbe
ol the greaber speed of ?eact lon of a pcbﬁﬂh ant¢~&m.&eﬁum

compered with that of the agglutinator,

1

the resulis of the blood, salive and serum giroupiag
tests on menbers of the (al and &Mu families wmre r@@&yﬂaa in

+

detall in tables 1 and 2, with the MiSs mhenﬂbypuq n@bcd on

e ﬁ@dsgﬁ@@“ {«&p”~ 1k aﬂd'iﬁ}wx .
Top the families “nu by 2 and 3 tha AEQ ﬁibéﬂ gybups

wera noted oﬁ the appropeiate podid gﬁ@ (f ﬁsi'zs 5 and ). |
The @aievan* hﬁ%h@ﬁtﬁ.bi@ﬁﬂ wraum ﬁga ﬂ&liﬁg AEH

Speretor statun ves ELL for gibships Bak, Bla, For, I=p i,

HMeGy, Osk end Sav 1 were rocorded on Tigsse 5 = 13 dnclusives
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‘@Fﬁ?ﬁ& 0£ 1nfur@ﬁLg'»  ‘"f$fj*?"f;;if’ fiiﬁ;<:

, %aaﬁﬁaﬁﬁé ]( t@ﬁ *am_aﬁmé ﬁ@ ﬁe&ﬁeﬁ Ln@ &

&gﬂlflélnaé

N &é?ia unu ram m&a&ntwﬁ ghaﬁﬁuyp@ f&@ﬂﬁﬁ&ﬁ&@ ﬁm~a

‘ﬁé?&ﬁ @ﬁéﬁrﬁﬁ\i%hywakzaa¢ﬁ nha& uw& 3av&ew umagm a@mﬁaﬁiﬂﬁn

bﬂmh wamﬁ Ekﬂh&d ?%ﬁﬂ@m ﬁamn?a fmmm th@‘smm. p@g& aﬁlﬁﬁg aﬁﬂ

LﬁQL a@y ﬁ@v&&ﬁgﬁd Lmuvouﬂ ub“m &n ph@ﬂﬁqjﬂ& prnmmgﬁ¢ans wﬂr };
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The sipn i leance Lavel, 3:‘*‘ corvesponding to the
if?'%'}{:’aéf}'i‘i”i?éﬂ value oF Xg with the given nuwber of degrees of
?mmm% da f, s wag balken "“mm Gebles showing the distribudion
o ;X?.* Mes Meds Davies of he Stablstien Depavtnent kindly
mﬂvimﬁi me on the fopie ::s:ﬁ" the »;agn,@v:fm'e nunber of degreoes i‘;’z’?

@ﬂ@mgé w.la‘im gﬁh@ consideration the nunber e:x:rf:’- },;:‘%mrw*&yg;m
elanees uhm@ froguency could be assigned srbilbreavily when
z::.mfllc:m.amm; The mmmm xg.ﬁin‘&iezﬁm

rachal hc::e eialele m@mgf in ,s:ﬁ@:}.*i}a:!.?efa was known $o -Eé (
&*@iﬁ’ié@ﬁ@d in the distyibud imm of the ARG blood g;.i*@mg;&s AR an
increasing incldence of the § and & decveening incidmes of
the A allele, a8 one bravels fyom tHe sou ma of Fnglend o | the
notih of Scotland {«ie@'mwmr& s 1084} it was nob émx*zz;:aﬁmmble_z
s} fﬁ@mi‘iﬁém‘ %&mn a similap phenomencn might exist with the
bhar hl@ma group syabemdy - The vendom servies of nergons who .
had zﬂd??’*l adl mw} fhe Tomilles was therefeore divided into *i;hééfa
ol ﬂum%m}; and Into those of Buglish origlns  The snslyais
of the phenotype digteribution by x,“*‘ souty thoerefore Pell into
o Qaﬁeg;m,‘s?im 8 |

1) Bai WQ{W?. Herlesn )L““ tests for the concordance of miéz. new

aatlonel sevles with Pigures alveady published Top.

Hhe gounbivs

2) ot vracm Hationg X,_ togta for e recognition of
*3’%;:3::;1 stleally sﬁ;gx},:l:ﬁ’,& cant Aifferences bebween the

}:»imr:a@"ﬁ;‘ ;;aaza/



phienotyps frequencies of the bloed groups in Scoblend and
Bagland,

. 23
1) Between Sevies X© Teats

Pable 8 Pha ABO 13‘3,00&2 Groups,

- “ NAEE P . s .

The following X&¢ values indicate there was no
slpndfieant difference from published series (Movrant, Xopec
oand i}omsmicg*ofm'im*aﬁ»;%%:a’bC-:ml,,;; 1958) in the distributlion of the

ABO groups 1o &l ther the aew Scobtish or the new Baglish

soriess The 2}'%3,11&1 of the Scottish fami 'L:i. B came fron the
Glaggow areo, am‘l Lhu fmg;.m. families mainly Drom the

Wivminghan aReae For hoth sels of Xﬂ tests the expeotation

of oumbeds In “i, AD clage was less than 5, so this closs wee
pm)ii,eé‘i with thatv @: EROUD By the noxt smallest é.'!_a:ss,

Wevi i‘;:;gc*ﬁs:fpu‘i:iL:z._s@e.ci Hoots | oty X?&E)ﬁ.(j'.; Tor 2 deie g0 950P7069C

' an A-w- : [re 'a" . i i h ’A > . - " .{3- . A () ¥ 3
Mew Toglli E«ghf published English e p T HRy Tor 2 daie y0e 2707001

'L‘m; Mises Blood GRowns

.lji}héiéé was no significant difference m Hias phenobype
dva 8 “*.z‘bu'“z ons botween bhe new and published Scoitish series
( mm, ai t.~ 195h), or botween the new and published English
sepies (Cleghomn, 4960),

Afber combining the smallest classes of Mslie and MNS,
ey Baobs/published Scots e X = 261k, for L b @ Fag P 52 OuTy

After combining the swmallest classes of MONB, NONZ

and/



and WG,

New English/publilshed

Table 7 - Bhe kB Blood G

fhe disbributions of

Seotbish snd the now ¥aglish series were

diflferent f’:r*om thase rr:. published geples
Mew Scots/published Scots m»)[‘v ,uhg

P
Hew Baglis m/@m} shed English = X=0,38,

LOURS
the P, phenotypes in the

not

f v
Boglish XT=0,00, for 6 Gufes De5)YE) 0nlbe

new
Bignifi@&nﬁly
195k )

Tor 1 dafey; OG22 P01,

fon '1 ﬁg fa Py op ?) 2 > O. 5‘

(Mourant,

R W I 24 R AR T
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19L8 Y.

CALL o™ }usiﬁiVQ Ploods:

w . . hal}

amwmdn s b thelyr Ge

alagaified i ﬂ.d .m» 5

&?“cv L@mbm&&dg the It
Ludao ani a;dcm@)g
‘ﬁe‘zimb,/mﬁ)u.h ) g@D&f*m*Xf
After uommining
Menie, coDE, ccbee, Géddee, ceddiie and

- Neww/

pniilcant difference in

R0e, Mm PO,

vere $0aﬁed 85

ﬁmalleﬁt closses

}qélvgl(:'"’ )‘ ﬂafuﬂ P

the smallest c¢la

Hable O _ The Bhesus Blooed Grouns

Rhesus

and published Scobbish

1962}, or between. the new and

Lawler and Songer,

Mesuy =D{+), s

da
G \ )

= De

.
TSRS

C”cDee,

g TR 1
CODRe ),

CDEE



b

&
{

M

Rl

)

X £
.‘A}t

LA

¥,

e T e

L
§ .3 %
Sar

*!

o3
o
s

8

i

MY
.

#r" s

iy
&

3

e

4
oy
it LJ,‘;&

2

R

ok
£
R
Eyg

iy

:w ,} k-

et

¢
3

5
1%

£

¥

AT iﬁ

o ;‘[’?I"{'%
A

13
RIS

i

3

1

<
ERr

. o
SeLee
Al {:‘f-
e

L

IR
&

g

£aETY
“,a\'

Y

E

i

B

43
KN

Ia

-
"

H

¥ ;&

-
Ay

J{“’!‘.’g

P
A

3

i

x




ﬁégmai%M oE ﬁmﬂiﬁﬁgh'@@ﬁam peaventing the Fy testing of
'cvwﬁy w“ﬁﬁp) bloods — The new Scobbish sevies was composed

of 23 {ﬁ“ Beedy 57 ﬁy(aﬂ %w), p 1@(&* by and 7 Fylaw)

' “Wﬁtah wore nolt tested for ithe EJ antigon, TPhese last 7

‘%1a@ﬂﬁ were divided between the classes of Fyl{ne D) and
yéﬁv D) ﬁn pmm&apu*&um of ?AfGG - 2068 and 37/60 = 14432
@gg,@ﬂ&l$@£yi for there wes 7o ﬁ@aa@n to suppose the
: &:is:ta?;?&mi;?&&ﬁ of E?;y‘-h i them o be ¢ 147 Perent from thet in the
~other 60 ¥Fyla+) bloods wﬁﬁ_ﬁ?*lumg La group them Pop IL:
wag solely dug 66 Ladk of anbi~Ty” serum end to né othep
@&é&&, The $3&ﬁ“@m fox the buffy phenotype dlst fxwmﬁ ions in
the new Seot shish aaﬂﬁaﬁ,ﬁhuﬁ beeame as shdbn in ﬁﬂ%le 1o
ém%i? *ﬁ-ia the m@w'ﬁﬂglish sories 18 Fy{as he),
62 Sy{m$‘%¢L 32 F&(a*’b&} and & By{as) b@éamﬁ vadisteibuted
ed shown in foble 11, by dividing the b Fy{at) in the
propoRt tions of 18/70 = 1,03 end 52/70 = 2497
ﬁﬁ significent difference was detected in Duffy
phemmavﬁa ti&ﬁyiba%iana batween the new Seobtish perles and
an &33&0 a@@ﬁﬁi$h sepries of vandom blood donors (Izabl,
wnpubliched obsepvebionsg. %Qg@)ﬁ oy betveen the new and
)pmbg&uhgﬁ Hnglish sovies (Race and Sangevr, 1962),
Wew Soobss ﬁﬁmaw SootE == Y20, &A;»ﬁf 1 Guguy OuH D P7 Qely
New Engdish/p wh133ﬁ$ﬁ AELinh e X;wauﬁi Tor & defey
0a 87 7Y Oue

- Yhe HiddBlood Groups/




: 'ﬂm K:,f,’w 'fé (“’ ﬁmvm

aﬁing' Ghe qvaliablu anbi~dk sere many doubtiwl resulis
were obboineds . ALl oo c:;:‘i"i_;c,}}:; a wesilh was ,czc:al. h{m s eloap

cut negative aor a.defin ::r.'a; &) ,1, oad, tive of %:h‘e Lm@ astrensth as

Fag posltive -@siﬁx;*hml@;_ Ac@rgmé{mg&,g 1t was decided o cmid
the gk locte from the genoblcal. lidkage sbudles..
'Y‘é“g}gggg <;_; 1 Ig | - f\ém imw,ﬁ@‘bﬁ‘fmﬁkgm 151

Thepe was 1o Sigf.:l}.l uo,%. divfer **cs;ﬂw !u ABH Secretow
L*slzc*uszat;mvx I‘”mwm B8 ‘i}eﬁweeu the new e d pub l.a rsl! ad Scotelsh

» .

Bepla g {Walloce, PoabL@q ﬁm Wig. . i.amk:-*‘-xml Mg:*lvmmy 5 4 “};ﬁ@}, o

ﬁia@i:meem the new and. 1\1*‘531.;{31’% ﬁ 3¢ ey’ qerle oo ( G0, end
demgor, T962)e
Mewr: a@@éﬁrﬁfﬂﬂﬂ?i ished Soots ﬁm)(?se: ReB7sfor- 1 dafey G. )s >f3.

) : LR ; ; ey
,-,L\xw ‘i‘ngrm Za ""‘35’3?3.&}.;;1‘1_@\‘3--E?.lgﬁljaﬁh S S QeDipfor 1wlalsg ¥ 3 Qi

Pable 188 -- Ry a: {re®). Blood, Groung

$a)

Thove was 0o B zz. 3. .},e@m, c}:?.;f’.::‘c’rcza,c -:e,s:s,- Le™ @Iﬁ};@l}.@iﬁ;}?pe

Yraguencle hmwam Lze new and jzbﬁ,}bui.ltm@éi @;30".2 tish serien
(I’mw by 4 5355144}5 e@ between the new and public m d BEnglish

sovries (Hourond 5 105}

Neow Scob ﬁj}g@b&immd Sents Aot R e 28,008 1 Qe 063215062,
U New English/published Gnglich = x mm,. Ohgfor 1 defys069PPY 0uly

Hebhe. die.bn f...g%ﬁ
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Tablesda and o The B Sorwn Groups

Fleafass Rt asit e gettes ti e b

‘f‘hom W%m 'zi@ zi?,xmﬁfz:z ‘}j;il'ﬂﬁ;?_:)l’;’;; shad veports of eabliier work
y others on the Trequenacy {35“‘ u%}.z:a G sepum geoups in the |
emi, iah gsa*zamﬁ‘a*%am B éf « Wallace kindly »wapliéd @l i’é&t&:ﬁ.ﬂﬁm
sarlen of s6va ,{:’:mm 150 W ‘wﬁad donors . to the Weab. of ﬂﬁ(}“ﬁ Land
hagimm“l ﬂiimmi Teansfusion *%@'W %ue‘: Pox me to Gud ﬁ;grz;isa nBlng
tho ui’lmﬁi poagents as typed mzc s’l’f:mﬂ 1y maderliol, ©rom which the
new Scotblieh and the new Roglish series wovre absitvactod, It
"wi'il. e facn Ghab there was no "‘gzs:?;gﬁifmam variation in _"i;ha
{:-I':i"{l g;she mtym fs:*a.:_mmw b@‘z}uam the o Seobttish aez?ms ‘
{u‘ﬁﬁ.:&‘a y: :t},).
NWew. memtjmvfx’*ﬂﬁwﬁm Soobtinh =< Xf?‘ % On 00Ty for 4 e
| 095 > P 06904
’“‘hc* Ppraguency o Eéf.!;é; (?5»111& 3?2‘3@11:‘;'&}3?@@ an. ﬁ:m{; E‘.:‘Lan f’ caan-’t‘
ﬁif’i‘m ent in the new mg&;mg? "'iPlG{“ from that in the mfm m%aea
Bnglish series, for which ”‘Ilm [ “}; I&mleﬂ ﬁapmvtcﬁ the nllele
frequencies (lawler, 1964) and abows which she mt@mj ed further
information 1n a per sonal communt oat en (1963%) (t*ﬂﬂn‘* 138).
Wew Snellsh published h;m;g‘.;:i&m s XS 210y G}?ﬁ For 1 dsfe 068207 {.} T
Tikewise, there was no r“%:i. miFieant diffevence in
am{gn®, g;;gl‘:*’ and ¢u™) freguencies between the new English
and the published ‘E“z;gg.,ix’m'f; geRrles (Ju awlen, '?9(’ 1) (table 15¢).
Hew Toglls hfﬁublnmmﬂ ‘fﬁragh 3 e )@*mh'?{)gﬁow B Qe Qe 7002 G,fgg

g ﬁn'e;,;’



284

Wone of shes@'X. tests concerning the ABD, MUS, P,
Rhesus, Lutheran, Kell, Dully, Lewis, ABY Secretor end Gm groups
of the now Scobiish or the new English series of wrelated
DETBONS wea@hea'a slgnificance levael of 1/10, That is to
Jmayg &hw observed, or greatsy, differences in the blood
SFROUD phenmvjje foeguencies boetween the ftwo Jeotitish ov
botwaen the %WQ-Engl&ﬁh series could be expeeted o ocour due
:ﬁml@hmge@”with @g¢$§uﬁ'mf ten aets of somples. It is
e@avaaticnal i mvoiawieal ﬁﬁaﬁigties o conalder that the
C@lpures under e@mmdwimon in QCX? ﬁest are not QG‘JL%L%E
f@ig@mfieqnmly fﬂwm ameﬁ obther due 0 Influences Quh@r Bhen
‘éﬁamﬂa'5111_%h@:significana& l@val vaaches 1/20e

@é“h_naw séﬁi@é of Scothish and Inglish somples could
hmrmeea e consldered as represontative of the counbry of
“ﬁh@iy origine Thls finding was peassuring with regard to the
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mahniealky$ it is not yeb clear if the segregatlon ratios

a$a~ﬁﬂulv?ﬂ;3ﬁuﬁbéd,>éxliﬂ the effect is entively due to

N mm&el\ﬁaiﬁiaatién,* As'dlveddy sha Ledu_wm the present

;imv&ﬁﬁiwf

o

tion it was declded bo omit the gk locus from the
linkage studiess boecause the avalilable antisera gave such

imeatisfactory end ofben Arreprodueible resulbs

It was felb thaty as the magnitude of these. eifechs

] i)

aa-ﬁhe Qgﬁmfdhdﬁn ratlios wes slight, thelr secondawry

¥t

effects on linkege apalyses could be lgnored.
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- The cholee of m,a Lg(.b,h. statistidcs Loy analysing data
from buapan fawilies Toy i;?we presence of genetical llunkoges
is move Ailffd J.Gu‘}. $han when dealing with mﬁg,fmx Sme ca}pa'blé of

R

heing hred in the l.uhe“ atorye ol :i,ca‘i;iblus arice bhe cause
of the small number of children in most J?mm m: uncewbainty
regarding pavental genotypes {espe G.‘i&.ﬁly ccn:apuing; phasa),
end the menner in which the family was firet ascertaineds

‘1‘“-‘1; is - obvious Lron @I‘rﬁé‘;“:lillﬁ'iiiﬂl‘l off the mulsiple
geaerablion pedigrecs in the famlly meberlal that much velueble
information would be wasted were the resulis Lo be mmalysed
by Penrose's Sib Paly Lechnique, which is pmm@mw “or the
tosting of sibships of unspecified peventoge for Linkage

ot

(Penrose, 1935y 1953} Glearly wateriel in c?l grae Tovm
with many Iﬂ;x).évezz paﬁfexﬁ;éﬂ O‘T*r:aw:a.m 'R LB more efT (,ia:‘ni,"!.;y
analysed by a mmh@d um.c,,h Lg "@3. into account this extwe
i ormations |
; -Q;aie of the qam:{!,iefét i:ummec“zm@eé' 'f'mé l""oh;ca-‘cwﬁeéticjﬁ'
rom two gem’v‘w tion material c;.f &unc*t&ﬂa’t L*z.zﬂq‘ngg'm and the

faji.,zan,@u.{:m_m.z.- the recom ifmt.mn Fraction, 0 , 3701,1:{,&3*1 G0

’lf:m in Men was that 13;"*&)}_3@3&361 by bm;?x;,@tmn Sin 1},:)%« Tivom

it PMishew (1935}, using the 3;:t=:‘é.iii;,:L";}1é§£‘a of maximwm likelihood .
(3?3;5311@:?9 é‘ﬁ?.) developed the staisiics of ~3COres, U belng

a fanctd lon, of (le:-fa ) Finney (1 ohO) _enlm:’gaa wupon

 BMisher's/
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;{gvm al QOUULgLAQH to- actewmaao the nﬁmbﬂbx?auy that the

‘ff’j”°mﬂtm in a $1Vmu GPOS uaﬂe hGhOPQﬂV%QUﬁ' ,Previavaly
.,;ﬁll fﬁmili@sﬁlabkiugfé 11LL U with vecessive characteristics
had—ﬁ@ ha PPJ&Lde TRom. 8 U"&LQPQ Tﬂulym By xow there was

:na wtv of KﬂﬂN&ﬁ& vb Lhey-?ﬂs‘nar&nﬁﬁ vowu bﬁMOéyiﬁuﬁ o

-M,@g:ﬁh@re wg nm wny o kDQwiﬂg the probablo
"‘The“o'um eoRes h ug@'dmsauvanﬂagg ﬁhan_
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'f?Fthe Pgunixng'gua a ‘tun mat g 33@&;;ﬁ”known with $hose
i whiﬁé L iﬁ=adtp i_ L . | 'h
o f"“with:manynyére ﬁéféﬂiﬂéyy céﬂﬁ%@iqag thé]inf@ﬂmaﬁlon
 fQ¢anfunQ3@cal Linkoge snal Ly i' may aaméwfrbm-auﬁy one Lopge
>E§B15/¢ﬂg pgéwgeouﬁ'ﬁabhef uh&ﬂ fﬁam amall ile] ?@ﬂ( 205100
‘iﬁﬁéuma¢-: Wow ﬂhu Gﬂflbiﬁau dmmeahzum and ’imn&%ou (e XA
‘annnug :Jn 1avge pedlgrees a munbod Wwas ao sed by DBell auﬂ
‘Haldaﬁerﬁiﬁgf), ﬂavalmpaa fmﬁﬁher byAHaLdang en& ﬁ@ith (1oh7 )y
”bv Howton (#95§) and,hv-ﬁmitﬁr{ﬂ959);'; 14 was based on bhe w
+he0vr bh%u V%Lma coa»iu ‘an& wemavﬁnng uhe prapence of
‘Vmiﬁhsge could bo drewn fﬂﬁm,ﬁhw 1ikelinood of ' heving ectunlly
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ey

obsonved the pedigires i the general pmm‘a‘t atione
Hop th nrposes of this thesis i;.‘sa-:‘r..a Todgdat

apnreoach o the problem of the detection of Links pe and the

‘C‘&’i}ii'%}&lfi}i@itll off the :c*eemzﬁa:Lsrm*t;-;mn fractioa, 9:, has been

r:i;w;‘vj;éieafit into 3 stage ey each of which will be discussed and
:i_,lii.'aw'brg"i;ad by appropylate oal mlaﬁ:@oua uging the ohgerved

famiLy énéli"i:@:ﬁio_l, The Lipst two sh &1@‘@}3 deal with the
(,.ueai.mﬁ of linkage, end the third with the eatimotion of O F

KRG Imlmpw; nas "x,m)_ ,,,ho\m to he present,

Ta Qb Le.;.nir}.;z, a, .E;;nk:@lihoml il Q._(}e.u:*ve
2) Hand and computer caleulablon of lod scoress

h) Lod BOOFC M from bables.

2,  Probobiliby of Xinkage |
) i‘»:}ca:r.?iva'i;im1 of the average likelihood Trom @
E.iiki(:z.l. ihood/ (5] c}w‘ve
BH) Probability m? Linkage, 04 0g 0.5, hebween any palp
of anbosomal 10 Gle
<y ',i;gmn,}«rmm, hon of probabilities of linkage :@calhafb;z,:s}.g Bo
| ditlerent jfgai‘ffs of Locle
a) jf’;'s;*c}‘b-s;{b:i* ii‘i;;v‘ of Linkape c¢loseyr thao 0 = Oe3

De “{’Sﬁhmmcm of Bhe Reconbinoblon Mrachlion, .

vvvvv

8) Maximun likelihood estimabes

k2]

b) Confidence limits of this estlmates
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1o Shbadning o Lilkelibhood J@ggim

Hecause of the g;.i? ter eafe of ardthustical
mendpulation, it vas conveniens to work with likelihoed rabios
Ao dogaklthinde forme By definlition; a lod scove, 3 (0 ),

i the logarditbhm bo the base 10 of a likelibood eatio in which

the Likelihood of obtaining the family, F,{(with its obsevved

'3

phfam} u;\ff:»e,m) al o pecombination Fraction O is compoaved with

the Likelibhood 4P no. Linkege is preseant (wh en 0 = Oeb)a
Cwin 9
Tod score, z(0) = log ( l : = Log -’(,u IG )= fc:)g; E“{E‘l{).

107 (I | o, 10

‘j‘\u

Idkelihood ratio = antilog mz".( 9 Je

Henee ol O = 05, the Likellhood patio. = 1 and the
1od = Q.
The coublnotion of data Ffrom several fomilies van &

gimple mabher when lod spgoves were Tlesht caleulatods

o

Appropeiate o ie scoves were added and the antilog of
the rsmu;, %{ 0 ), gave the likelihood ratio  Ffor the combined
daba Por that value of O

Fow oganple, bo obtain the likelihood/ 0O curve Porfie
daba from bhe Sau Ly 2 ond 5 Lamilles concexnlng Linkage
'b'@‘isweeﬂ '6;3.:1'@ ARG and the 3.]‘113'-'“%:”‘7&\.;,“1 , docl, a series of
saviureed 1(3:3 seoves for O in the range 0 to 05 was
caloulated, convertaed into Likelihood walios (antilods) by

> ¥

taking antllogs (Loble 18) and espresped graphically
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o) Hand and Gomputer Galoulabion of Tod Scores
Dy ecunding from inspection of the Bau 1 pedigres
(Fige 23 dﬂ}@ccumwvuv L ﬁhe‘ahildﬁ@n of 31 instances of

almost cerbein DOﬂwgCLOthﬂabmun bahbawu Lho ‘ﬁ and the

wacluqu93nt qlloian togeﬁh@r with only 1 uﬁataLa example
of ﬁae@mbinatia}g it was poquhle to @shimét@ approximalely
the lod scores, as shown in bable 16, on the basis thab Lhe
likelihood of observing the Pamily was P(¥ | 0)xB'(1 -0 )"7’1.
These lod values compave reasonably with corzesponding lods
caleulated by an electronlc IV 7094 computber, which -
egxtracted in th partl uLaﬁ exoample only a small adéitiaﬁal
anount of Informatl one | _
The computer was pwegrammeﬂ to compube lod sgmréﬁ
Trom lavge pauwgroea off up to 9 generalbions using this some
basic princigle of calewlating PN lG*) (R@mwick and
SGhulZ@g 1967 Vs By ineoppaﬁ&ﬁinw informmbtion concerning
relevant allele freguencics in the general population into

@ fel&ﬁiva 1ik i1hmoﬂa oFf sibernative

r

calenlations of ¢
penobypes of unbested ow dv censed Qa?@ﬂﬁ%s the compuber
aveives ab a much more exhausitlve assessment of the family

+

lod scorves than iz possible by hand é&lmuiatiam, Lé de
alzo less lishle bo errer and is mnch qui ckers

Lol acores aiunlabod by cam@utef were used in bthe a
gaslyses of the Sau, Jal and Gl famv ies, and were pecovded
as Tollows

,\*5(}

Tl
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ABG) - ftafail&;&a.'i;mlla“" inkage ~= lods. ond antilods (Sable 18)

Peddaue :5) Sau J g?, and A== Lilkelilivod/ 0 cuevel{Tige16)s
3 aad er ﬂ .. -

,gﬂgl}gﬁ w G Colduell Qlimmg@ - o=e Lods and antl Lc;m {m e 19)
Podigroos i;‘JL zm GLL) e ‘il..%:@.nsff,xlm?}@fe cuRve {:E‘:é.ggﬁ?}
& : 4 , »

e 104/0 cupve (Pige 18)s

‘rﬂﬁl Linkage to {‘;‘-the:i? ?}ZL&:::@@ | o

g;s;*cm:g;) Lock s Lods é?')"éi J*w}.iaaﬁ(-t mic f:se?Oa,
(P\.HLT'E“J?C‘LN Cal ond GLL) - s mealmcmc!f 0 curve

\" 5 {A& &Q?Q’ 30}4‘
kg wmmj.d bc;» m*{:m t? in owder o drow mm@oﬁh

Lilee L.lecmd! 0 mmvc .f.i. was wcsz:ew,m x:t.@e@msa@y ‘z‘;o,:;}%a'tsam
.w,b emoei.mi,u aa,w.}.ou m.Lu I8 \13@ *mpmc alk m i’.a—‘mul ﬁ'i.ﬁ}i}. Prom
i,m., a.}mvops.*?a\w iLc::élf-'G QuEves. - For imatazm%«in"tn@
) -1‘31’(‘}3‘,1*’“51;.( on of the ;L.t,la,olvhmd/ 0 cuwve for linkege beuvaen

?"{;Ilc%'m‘i‘xé; and (‘J.{mm.i.gjmilzmiwm (m ie -2 7) ac;za;;_mm'-m

J.E

BooP o (mavlked wi uh an, apteris k% dn teble 19} vere
c:;mmzxad by .f.n{.emgm Lobion {‘:.n:}za the “Lac}f’ S gs:ﬂ ok (ﬁ,&, ?u},
wlu alh ‘tmd haah dram., E;i‘lxvaugk}. pf.::«;(.n'fss COPRES pcmciw ag; Lo uh’i

«:misg':zwf;;ci Lod BCOYeta
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with the applichBls coerection factors which hove 4o be added,
depending oo bhc method of selection of the fomilics.

MQﬁﬁen g fables are wseful in vhe analyeis of two gaweration
mat@@ial a@zs}s'ing.mf parenbs and thelr childpeng
Unfovtunately exbra infow mabion from thefﬁh@nmtypﬁa ax grands
parents op pwgad@hlxaﬂon can only beo | n@mwnG”Uqu eaplily 17
it lends to & pretlae specliication of the genabypes 6f the
pavents or of bhc&e shildeene o axamgle; the prosence of &
“homozygous recessive grandparent iud ‘at ﬁh&t the pazrent
goncerned mast he heberos yb)lﬁ-&ﬁ leagt for. thﬂ&:ﬂunﬂhf and
thuse the coupling phase of the pavental mating may be

precisaly defined,

"
e
g;
et
[-J
G/

rotion of she'gse of lod Gables

e familv was umlﬁaued aaﬂ f@ilawed un solely Tor the
purpose of fuvther 1mvegtigxhicn inbo the kawwn Linkage

“hetween the Lutheran end the AR Beerebor locls The finding

of Lu6m¢) nepdons in 9 aibshlps fﬁem Families tested fop
Dﬁhcy reasons wes Ineddental, but adventage wmﬁ taken of it
to carry oul the analysis sumparisad in ﬂah ¢ 178
Tollowing Movtonts procodent, the slleles Iu® and
Seg in each parenfal meting were deiUHdb&Q G owa maesﬂﬁaag
o the method of selecbion off the ¢ miuyﬁ and the parenital
maﬁing vype and %he phenotypes of the progeny exprossed iu
termg of G and ¥ A8 ecael mating type had been asgigned o

- numben/



muber by %ﬁ‘@:@;@*{;’@%ﬁw it hecame & aluple watter fo note thilsg
aﬂﬁ-ﬂlﬁg'ﬁh@ applicoble & sgores  Consultabion of e
appropriate g sScove tables gave the leds whm& 0= Q‘gglAﬁﬁg
0s2, Oul op OdBe  Lod Scoves for © = O were nobed from an
exbenslon of the tables by Maynerd==Smi %hg'yenv 86 and Smith
{1961 )s  Depending on the method of selechlon of the family
he lod seoves wese left uncorrgcbed, or hed added to then
g suibeble ascertaiument corpection {which was algo obla inable.
Foom bables b

| Ascerbalument correctilons, which were usually small,
were necoasary o ﬁﬁ&%ﬁ@?ﬂ&@ the biag imﬁ&ad&e&é into the
caloulations whon, Lh; familice seleched Por the linkage sbudy

wera nobt o randon s—vmpii.ce Irom the population. Fop 33 SRCG,

";9(‘.35(:‘ ® Bese matings, a‘mg,@ ted because of the presence of i

e child, did nob ;z‘wé c:~; TGhose whi cﬂ. oy x;;}mrm(;t produced
only Sege or Sese c,h-*mmm P such solecgtion had algo
pecuryed at the lLutheran loocus, the suceseding sas.,i.cm.la"i;‘z.@ﬁﬁ
would have been blagseds

Family for VII 78 (fige 8), belng the double

bockeross Hoselutial = pescluPinP , corvesponded bo

Horton's mating type 1 {f:fg*l‘z, s grg"a‘e;g He 5 (G ;%gg = 0

and was scored using ﬁ;'}, SGOTEH .
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- | o "b“i‘é | JfLad
gy = 1@,% Oafa 1 [Sd £ 9)b ¢ LB {1 -0 )a‘a] 5 whers

sEarh e gk Ay B number of G progeny, b ety ¢ = gl

]

and d = goa

This family was gelected through the children fop
¢{8e)(by the presence. of n Hen«Secrebor {sese) child) and
through the povents Por T{Iu") by the mother being ulat)
This was eguivelent 9 Doth charscters belng asceriained |
through The pearents, so that ano coprection to the lod acores
wos reguired {Mortong 1 9?"*1';‘13 Jo  Thewve was no question of the
%E,cac;i. ion Por the lmtheran Pachor belng influenced by she
presence of the Tulew) child, VITI 7.  Had both children
in the sibehip been ufas) the family would still have heen
Ingludéed in the studys The very Tare a:miw;l;au‘g} serum would
have beon uged in cond u:ém‘i‘;izm with the ™ tests to spaeliy
Q?h%a

S At

@

xachly the mobher's genotype as g,ﬂgﬁgma or i

Similarly, hoth the single backeross families

Sao 1AV 6 (fige 12) and Sau b IV AL (flos 13) of mablag

Sype 9 {Gott .}»’; Gabty 8y = Gy ‘i"gg& w T ‘&?@l"é seored ueing

weovraetad ﬁ? deorase-

&3

N Q‘&n% )
5w log,: o [w - 9)207(1 + 9)° b < 0)0 4
“Q ™ ,vi o mwz}:v:h;jg ’

s C I 9} U - 6 )?‘}(? - 9 )® 0 ]

where & @ - ’i:s o b, a e i;,,, b :g g{z}g G = Gt and ds gta

Temthonts f
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Mopbonte tables da ﬂ s iﬁﬁiﬁd@;ﬁ" gooren PO MOPG

shen © childs e, Ho - the | Lot Beohes For sSaud T 6‘w;%h 5

children hod o bé cbi wlated by hond fvom the above

GQL&BQ ot ”ammlxe“»3 » VE 63 (fig.7) uﬂ@ vnp

0
@,
k‘-t-n

nm‘

(Fipgs©) was thiough ﬁﬂnﬁgﬁbhﬁb@ GHL3CE?§ for G{oe) end an

ir

o) poavent for P{In®)s so tha at no as r%mimmﬁnﬁ

correetion of lod s ewvza’Waa.ﬁeq RN In bovh these

FomLies only ona parent vas tosbed,

e
pltic)

e
g
f‘"
L)
LAty
0
e
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)
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o
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pedigreos showed that the paveatal meting types were mau*

probably 1 (egls ogbh) op O {GaTt w Guht)e lﬁ‘wagfhighly*

o3

dmprobable, considerdng.the g@m@lesa~pe§ gwea ot wnzwh uh e-?

o Lies éﬁa-@aﬁ%g taWﬁmh,ﬁ~ E’% the ﬁariuy'u; he ”ae

nllele, thetb she @9?& Gal me

Ty ¢

7—-&

logs weve the vave imgmw ‘,-;s;l
éy%%ﬂ“ (2% = T6)matinge. .“Gﬁﬂﬂﬁqﬁﬁ@ﬁiﬁs ag rocommended 35 :
Moption, the ﬂQ@ oprlate lod soores wore @mmwuuvﬁéd iwnn'%?
i of the lod scoves u@ noHE :h? mahvmi pypgl‘qwit@bly @Qﬁﬂgﬁ“
'éﬁﬂ uing ﬁﬂp&l% Lok dljg?a froguencles, fﬁf the priop o |
Likelihpod off ecach possihle mating typos  Asgunlng @qudem(
masing iﬁ $he uonulnﬁiwﬂﬁAmating types 1 and 9 veeur with L
yél&ti‘o @wngv mey oF o 26 {Frequency of o ill@l; : 2
n Froqueney OF ggﬁ,'aﬂ;m}.@). A fupthes Faghor ing gﬁm%%.
the prior likelihood of cach poseible nabing Bype -
depived faom the Llikelihood of having obbained the obaerved

dletoibublons -



s ﬁhribnﬁi@n‘df i ﬂ“ﬁﬂ’ﬁ phenobypes on the basis of
adwgemﬂo&b MQ&QQ&%Wﬂ_lnhwumuﬁﬁﬁﬂu An abastrach ém table 17h
of the @@;@&»aﬁimgﬁ Tor For Vi 63 ﬂfig@n?} @mm@nﬂbfatfﬁ the
agpliaaﬁiﬁn in practice of bthe above correchion faatayﬁ 0
the lod scove ealeuldatior
| CBorublny of the i Wl Oak Tanlly pedigrose lad to the
suapiclon that th: deceased ILL 12, as well as his wife [IX 134
aould heave been LB&@ Ls B0 the very vare mmﬁiw&dh'aagmm Wes
used Go type IV 5 and IV 8 (fignﬁi}¢ The discovery that:

iV 5 W&m ju{uw} and apperently homozygous nv*uad woindd

aonid o ﬁhﬁﬁ§§§f' was cavyiad by both her pavents,  Thus fhe
twe possible perentel mating types Lo he consldered in lod
seore caloulations were 10 (GgT = galh, G = g gy Ip™ = )
aod 135 (Ggi's x Ggh, 6= Ba, ™ = 2), %, SCores Were uhed
for the scopring of ayge 134 w

£ oo *
7, = Lo, i%i:mmm [{,) ~ 204078080 & 0 )?:w (1 - 0 )¢
~ ‘ 10 Jiﬁ.ﬁ ERNE o _ ,

+ 2(2 «0=02)% {1 =0 .;ieef:%)’?avs»&e a
S 4 " i & 4 4 2 vhean 26
A= 005w (2 #B7)R(4 -.-»e«;hé«e ﬁ].
whore 5 = a + b ¢ 6+ dy 8= 60 b= al, 6= pl and 4 = gl

The thege remsinlug familices, §hk {£ige B }5 Blo {Figed)

and/
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§o
a2

and ﬂa '{ii ze10) veve tv@sﬁéﬁ Lu . Ldeaumeaﬂ Mannes

ion of theso

g-a

ﬁl alther perent had been tested, so selecth

.

;«a

‘Fam 1ies \Wwas @nsmyaly‘tnr@ugh the childeena Theae aibships
Wé@“‘lﬁb.léﬁiﬂﬁﬂ ﬁhﬁwugﬁ the In™{¢) factor, then fested for
%egﬁ) and aniy ineiudea in the saalysis because of the
presence of a Non-geciebor childe  The possible mating
types include 4 (G wgggﬁﬁ}s 10 (GpTt x ggPt) and the
winfosative muuznw of Gt 2 galt,. i sddilbion ﬁa.
adjusting the lod scores fon ﬁﬁe relative freguencies of
each of the pnu bB @aremtal metbings, further ascertainmentd
eafﬁecﬁiORS wEr ;}!uc@?pwﬁlﬁed;*

Fow maﬁi&g:@ype*‘1;**.@p@liﬁ&bl@ 7oseore = E%+ coreaehbion 915

Hoi mmﬁimb type 10 ~= epplicdble 8 scoye « g + correciion Qe

e {s/»)ﬂ -
‘ga -e)§‘a- -@.esm =9)F

25 = 42207 (1 + 8)nm K1 1) (2 = 0)%n

whggﬁ'“'m CPE: ﬁP* 31" ﬂamhéf of ¢ children and s, = ge
. ‘ i by 5 .‘A' . e

a) Dewivation of Averan ) L¢k9¢3houd fpom ] rikelihoods 0 cum

LVTLS CO AR IESICESELNA

]
T

C b

e follbwing dégcrig'iaf is given of the
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z;im‘?:,i. mw on of {he average 3~i1§f;§112‘1ﬂmdg E«fa Lrom the 1il hﬁﬂﬁ/ {

t;.m‘*\m o liz)i:i*mg b?u{‘mm the U i‘:f*;*si;;_ and the Kelt Lt:‘?xcs:g

{'s, f% 19)1» L mf?ﬁi’\}(“ ap the average ll_l}i:@lih(}@d— P ,’Lhe

G0 w‘ﬂ. we‘m 'm@m the sppropeiate Likelihood/0 cuprve had to be

a::cm,v*e.ﬁ.%mc: into » recbangle of equal eree on the same base,

e helg b of thig "‘&C«ixfﬁiﬂ‘lﬁk then gave a measuve of ?"‘
Jhe 3‘\{3%” ne*a‘m-‘z:a of th;m BPOR em.zrmuefz bg the. Ml f:::%fiﬁ-s- -

“hood /9 curve was tre ced cmn by 0s755 3-"(3"1"&33&}.'{&?}&3}%18 af o

Pl aniug im, whee Ly 3 for which 1 »eve 3 6@.86 SGe ema;..f‘r

a;:uss%md o eraw.ﬁ = Gotel o rea wder o a‘vs;,/ i’tmmh_m l?ﬁmi‘},

L ',"Wfi? n'm 5(’3:.—11.@% r:;z’f‘ the graph were such that me base of Oeb

\’ ';;1{;:\::";.“213 o vec mnm,a&_ ion w‘zazs 20 {?ms* M»a:an,gg;g and 2. 1:4..&;(3 i,,:m,s:ai;&ﬂ‘

of % had a hc,:zghu of 'EQ c:m

If%‘.{é,{u B cEpressed as o 3.4? celibood = 0e755.

o - | ELE

m
ALY other average Likslihood values quoted in this
Cdhesis were depived :}.m a aa‘:‘i.n:t'l}.m? Pashlon, with due vegavd

$0 the seales of the g.s:, aphs involveds

B Peobabi ii*""r of Iinkage, 0% 0« cag jg_#: hotween any Palre of Loc;
T4 hee alveady been defined that the likelihood '
Pablo 16 doual o the “é”**@'é}-f:i?“l 0 )} pran ﬁa“?| OB} iete Bhe
Aikelihood ratlo is 8 mensure of the lilkelihood of obhoerving
the family daba, Ty when the vecombination Frecbion
Chetwaon two :ﬁ'@{zé}%m&fz‘ ";?,éci T 9 compared with the likelihood
when® = 0.5,  Whal we are veally interested in deriving

Prow
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Teom linkegs xarm 48 the inverse of thsﬁg n&mu?yp nh&

B S T

Prol J(GI‘W&)/’ Ppob {4 Jl ! | SIRCT AR
S th {19! C?} has dz,.mcmfﬁt-*auc;a bhat the }J( nlates
off the Theorem of Pa ;V‘m {17 5«’?) ‘eould be :3;1391:%.«3& o the

problem, which resolved iteels as follows, (provided two
approximations are valid)

-

i) The distributd mv of the 1113.3,.{,1110{)6 :%,&:;J.Df% (_a,n'x; ‘mdu}
could bhe interpreted as the ziiml.mhu&i{zm of fi?ii‘ﬁiﬁ"
mbzﬁ:ility of 99 gwm 'le._ b wm@eﬁ am Ay chu s Fe

i) Uowr any pair of 'iitc',;omnal Ll{m“‘

Prohability of linkege, 0§ Gg @.b = B/ it-;ié‘a._!.-?‘{ ;
where » = average Likelihood and “éf( } Lik whwﬁ (emﬁ?.

The i;ma az::;wm;.}.mame’m%‘, by a:;::». oF which Smi L'iz {3(}.}‘3}
and obhess aonalder %o boe. m:}i, SPOs r;‘?..y mifsf}.mdmw a.q s
1Y ALY buman sutosome 138 Les have an sgualk ;t).s:*mmm,h }::y of
L eareying sny pav ‘isitkmli‘;z}? aubos mm? 3 mm. In‘ .ii‘éia‘ﬁ %Ecms:*@
sre 22 palvs of au gmemasag s0 thal ,Lmtfu-z“?lj m |
Linkege @aic;cﬂ&rzw ong thers is only on a ;3‘_1:&’9*&,2%
Qmm&”i:} 1ALty of about 1/22 that af;:ff tWo sutosonal genes

chosen ab roardom will lie on the same chromosome ond

have/
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have a reconbloption feastion in the range 0€ 94 Qubiy but
a probability ::.af“‘ 2188 h,m, sych genes will iie on
Aifferent awbosemal palys snd f’ﬁemt,sf recombing {6 = O ‘“‘)n
AL ;:s:x“g;n:r; dinked g.{:’*@*i the recombination fractions are euuelly

@i tpibuted theoughout all pa:}i‘;s of the rangs,

D€ O€0S {Mowton, T955)e

: ‘:f.-‘@f”z.ﬁ 10d scoves end antilod values fow linkege.
m é:.wem n‘.bce LS & cand the ARD ig.gmzé dn the Gil family wm**&
.r:‘em ﬁd@{i in tubleb 5:2063 20D “ From . the msul‘ﬁ&ng»i likelis .

hood/0 l’“iﬁ"'\"fﬂ Tige fﬁ?} ¢ thoe avervege I b&.f.ﬂﬁ&él yae

Mf}*
found to ia@ Ge16  Thub the ;3:&4:;3‘33&#&}:13.:@.“&3}' ol lgmxag @y
i?$9§(3§§;§ hebween. these hyo lmi was D16/ ',{(3.‘16  21)
= 06008, and the probebility thet i}hesf were wnlinked was
O 90

similarly, the Qx?mmm"tlw of aubosomel linkags

between the MUY and the Gh{daldwoell) tocl was caloulabed,

Lrom en -gzvezﬁa%g@ Likedibood of ¥ = demﬁ % 1 ot® s b0 e
1« (16 8 107 ) {;53:@1@ 19y ©ige 18)s  In other words, the
probebility thet these twe locl were unlinked was vewy

pomobe = only 10 X 1-@“"1 Qq

&-gw.x.. mm

‘{lai’f%:e **cmb .t?;:arf N gémﬂg&

T T e IR T TR

o) f(éza?ﬂégv*uigﬁ 0 probabill 4l g of rtnkape relatine o

L% has just been demonsitrabed that bthe MES and

@{Cnldwell) loak wove Linked in the Gal end Gl Lomillete

In facly the linkage was exfs reiely close, no ceriain

recombingtion/
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smsxwt}hMMmm wvwm Gl mm&wml

k3

arvrangenciv a.m{ 5}

._

wacombinotlon. Dalng
a-

. . Tha ;_;33?:;353@13.:3@ P the @18 antison o1

n

1*.1.‘.»,53.‘ ved cells o m 1 lebelled most effectively in Clliaw)

Lser“*m:) 5 Bhe presence of a parbicular Me chronosone, ©0

\ .

dnceessing the efficliocy of '{“‘,‘im MG Jocus in Linkoge

ta

studles againgt u}m «other 7 bloc

™
A
i

aroup locka Tablen 208
and 200 rec sed the lod fse,,m:‘m and auntilod valm_aﬁ rRspech

L

Cdvely 3‘30.:3 .3.:1,:571.3.:@.&};@: sente 'i)o"i;h,{or: n the conbined 33,1 *::;g;,i locns and

fhe loed of fthe.blood, pal ,J,x‘r;l and  sepum g,ﬁou}m u\g@g,, Pa B2

Ko By, So ang am)s Corvetponding Ll celihood/ 9 CURYES ave
shown dn Plos. 19 and 206

e .; Gogus ds almddancously & ested For linkege
ug‘ several. locd, which a¥e thought o b .@2 im??.:;z;i;:@f;i L0 one
aimhh@:@ﬁ_ the Tieding of Jinka 8 m th é:cs;e loem; decreosses $ho
wmmb LLLGy of dinkagoe to tha w'!;}‘l@ﬁ&, An!._'ccammﬁz.mw:f,,
steone avidonee For “no tinkage™ with one locus increapes "i;hé’
probabillty of linkege to the 6"1311@333% or Lo lim%:.ag@ BEOURS
on - uhe. zmm‘? vhod St .mﬁmae;s,@- Heed hap thewvefore 0 be.

add to such . nog=independence wher ¢ alieuiﬁaigﬁ.ng the

3;33:*;:-‘!:}5:&32&&1 tles 03." lmksgf} of one condliion Lo severol athers
(Smith, dn po appendix bo Reowlck end Lawler, 1963)e

I bhe present instanc (33 vhors the HIHGL
tested agal ".z....;zs'i:; 7 ?323,0_0% sald Lva and Sie JROOE loel, which
eI mz}hi;‘s.@v{ﬁcx L0 fwo mdiaked Lo cach otlier (Raee and .

. ' 4
Goeng *‘iu.t:?g y
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Beng i, ?%m)ﬂ T PR mm@ { #532 = 7) = 45 vomerked liokege
gooupss By £ Smd shte ';aé@m,scsafz;m-zggg *{:}1@ p-pmr’ t:*ééiéiﬁ; of 9: 24 "1*3, the
linkages 0¢ 04 0u5 s OF the NS ml logous to em&: bloopd ;:«:m:sw:;
Mmi 1 bopether with '@dc‘ia o \*!f'@) £ 15 Pox “Linkag,e to the
mnnarked linkege groups, could im ‘:i?;m;gw:e‘%t:ﬁ}*@ﬂ VPODe
The new odds on linkage 'r:'y"ci' ring several loei ane in

the pro OB :f?blm s of the md.;,waua“! wu:*ar"ﬁ "?a.ice.!,umm'izgn P
{wow (2) of teble 21)e
ﬂ - Detler 3,1 Hlon of the rvesgecbive pm‘i‘m‘f iiities of
giost ﬁm% “z,:&z*rtmwg Q¢ eémfég m the MESCL with the ABOs By by
§.g By, S and Gm ieed thus invelved dividlng the now odde on

inkage each by uh&‘; total odds {:‘g.,ﬁ_a dividing the :i:”:?.g;'ams
o Yow é?"é i}i“"“éﬂﬁ 24 cach by ubﬁ Le.a m‘u 17652, 0 obtal
the *’jm’i 33?@?3‘1131111 ;:ms:s reconded- £ mw (3) of table 21
fhease p};’hg'h*‘:}'b{li & 1.3, he d% ;a@ed at hthe eﬁﬁ‘m seeﬁicﬁz
f;a}f |

a) Pyobah ility of Linkase Gloser fhen 0 = 0.3

‘ m mma '3 ta«-"as;.ﬂ_ mﬂmissa}:» m:.I;\}‘ of linkege, O ~<.9\<{§.f:3~
'I.ze*i;%e?f:%fim the ;;M‘ {’g{“‘i anpd a hmau g"*ﬁmm ‘?csr.: s could be s ra*méduﬂ e
» ‘:- Hhe s::iim,m’? WG \mmmgrﬂg—-rﬁ* Q&’ijt}%ﬂ):é..ll 'i;?{-}t. s Ghat Lo P 9, ‘:i,m the :

‘;:@éﬁ:tgcéimﬁece <0s3 plus that for O in &mmaga "ngﬁ(@(éi.-fj;

Prob |8 (0¢0<0.5)| 7| = Peob|0 (0 <;Q<®;,;13 |+ Prob [0(0,3<0405

AL e
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A mmmm ol th ese component pz ohabilicies could be

| msualgz;.,c"i by z*cz's’rmmmc, e khe apopvopriote Likeld uwo ;6 CUBYE

ﬁ.f.’ e l‘») ma RG}- {it hag elready been nobed that the

=]

'mm:s?m:&:rz;:a on, oF the llkelihood wpatios {antilods) Por the Pamlly

e

' Léia‘i;;ag gilven 0 , could be interproted as the &

Folu
g‘a

at@ribub
ps; abahdlity of (3 ¢ olven the Taml iy dohn)e Thea proporhio
of Lo .,_‘D obad, probability of 0 s Tox the full ronge of velues
RS 6(%3@55 xg*ii:f.%;ah _Z!,a;;r _:i:xf.x the range Q<9< O 3 wan thus the pame

)

ag. The »altilo, » = o/, which could be determined by

1)

plandmeteys A = fotel ares wader the likelibeod/Q curve
Lrom 94,94 Os5y ond a « ares uwider the Likelihood /0 cuwre
from 0L 008 Ba

Fow exampls, dn table 21, the probabillty of linkege

0£040s5 between bthe NUSCL end the ABD docik eouvld be

subdivided (row 4) s

Proh|O (O (9(0. )l s 2 ox Prob|@(0<£$040,. J)I | = Q.OL}?S 2 0a 009
" = 020001,
and Prob 6 { O 3<0<0e5) II{s‘ g (g O0G = Q0007 = Q80089

We ave aow, knowlng the probabilities noted In row
(L) of table 21 o 408 posltion to discuss the Ulndings

$y 2

rogarding the prohablllities of genetical linkage hotween

shon of e
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the_MSCL end the 7 blood group loel (ABD, By R, K Efs
ff‘;iﬂg‘?%fi;iy; g A% was shown when ‘<3c:an$i¢fiéz?i}fsg linkage b @”3_‘3’5@@5‘?
pairs of lgacs‘:‘i, (section b) bthat the probability of linkage |
bebween the WISCL end the ABO locl wes 0,008 (1 ini485)e I
is newe };méaifblra to see the effect of considering bhe Linkage.
study as a whole by aénﬁ:mm 7 tha 153‘56'5::5{5;,‘12.‘:1-*&1&:3 of Ii.izmaggc% o
| :f;*.@:t*a.'ismg to diffecent paive of loci (nection o)e  When .

infommation concerning the probabilities of linkage of the

o the By B B, ¥V, Se and @n wes Incorporataed

e Ao

-

the pﬁma milﬁlty of linkege between the HNBGL and the ABO.
loel *e.es:asz% increased slightly bto 0,009 (1 in 110)s
Sacondly, Lt is usuelly xr;":_:s?;s? difficult 413@ sayy without
a}i'iﬁx&éﬁﬁiﬁ‘e nformation, whether genes wilth an sppavently hisgh
3:“ﬁzg§eanibixm;ijirzsza Fonebion, aez,;r o> Os he ave loosely linked ._m !"‘i;it{a
sane chronesene, or whethew they segregate ind e:géenﬁewﬁly
Con dlEevent chrondaones, - However; even when the total
probability of Linkage 48 still appreciable, 1% 18 somow
bimes posslible Ho gbate thatb £he probabilivy of linkape
closer thon® = 0.5 in very smalle |
. Ip the Cal and Gid fowilies the evidence polnted
toverds the MBUL loeus being unlinked to the ABD, B, K, 5y
o@ gm locis  The probabilitles of linkeges over the full
sange of velues 0£0€0.5 were ahoub 4 in 100, and Llinkages

wd bhS
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'nl. teos thon 30% recoubination (04 0u3) were oven moPs
mz‘.l.é’ﬁs;{aly {aboud 1 in 300 40 1. in 9 ,GGQ); - Similocly, 4t ves

w,i,;l?iixi.y that the FNSGL and the B loci were linked, thouph

l

Bhe 33%}3‘ dLAGY *ci;z{vw s;:?,igza.ﬁi;r graater (1 in ;;O Lo Linkege
0 _< Q;._-. 55’ Tt only % :3.}:3; 00 u:m Linkege with 0< Du3)e = These
Findings are in Keopi ﬁg;; with thige of mi;imsﬂfs {Race and
ﬂaﬂémrg 1968 )e

Gonsidering the daba concerning "'s}a MIBoL and the
'-‘Sc; loel, the tami p}?cﬂm ity m Liy zhn::ve;e(e};fi:, was O 003
{4 in 3 Gl with component probabilitics Por B0< 0.3 of 0,0275 |
(1 in 56) and for D03 ﬁazﬁ‘"Ogi)Bﬁfﬁ (1 in 28) _Ei.‘hes;fse ave very
..fﬁll gty *:3.* aﬁe:é then the pRiop pﬂc'mb;f,twi e%, bt no
}wmm’i} concerming the prencnce or az{t}ﬁai;:m;@ of aubosomoel
’ H,nhauu T;PG‘?}WQ(’:?IZ these Lol con he made 'i}:i.il rueh of he

wobher aveilable information bas been analyseds

B ‘s‘éﬁkﬁ;ﬁ-ﬁliﬂa‘? T of b éﬁemhmm& ion Frac slor 12,9,

Breiqayoe ey vy

-.9

‘Phc: mg,,:&}.ma A mluxfma &% m. Me o LE}«? rocopblnation
£y E1EIRN _‘\9 y Lo mmu' 'immm:g::; 0 which mezdnises the .!;alm.&:s-— 'A
‘jvfl_l;meé:_;f QE | ig@:} z;amf},j.y x&}.ai'izzag;“;.@i@ .
i{?,\y.' Qixes i.- m:ﬂmismg oF the nmuber «:ai"“:;zeé?‘taizz P

@ c:mﬂ;r.mtm%s end cerboin n«:bzwmwz% nants bmwem the & eand

: m..{:}j‘},ilwif’mmt Lo 1L Qu ;h”! the Seu 4 .s,mzu.lw {,, e h}Q 1t was

L. s

posaible to z::}sm.&..f}. & mesdimm II.J.LPZL ihood esi fimaﬁﬁ of the

cocombinasion/
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%?é?é@za%'ai‘nﬂ:ﬁ on feae m,l@@ in this femily 88 4/32 = 0, Gm
§%§:g§wém’% when the lod scoves for bhis féﬁzily were colaulated
by computer, o small axouh of additional information weo
incovporated by the compuber snd the nwz? nm Likelihood
oi;ma*‘*w B 9 was e xé,.»“{zr.‘:% o iabi-cs{g;; Oy 05 ms@. table 4 6@ mu::

masdnun Lod 8oore by coupuber was obteined at O m 005)s

el
i
i
ﬂ."Z“

ne da m Trow the three Seuw femilies wWere
’ emﬁufwd@ genetdcal 3:%;*3}': g8 between the ARY and the 4 auﬂ-
Fate “m H‘;m wWas auf;itwmcac}g with the likelihood reachi ng ibs
t*”l&l“:ﬁ.ﬁl&él at @ = m'ﬂﬁ}g a8 eatlnated from Anspection of the
1ikelibood/0 curve (fig, 16)e  Whis observation of e G
peconbination between this pair of ollelos is conelatens
Wi th. i‘ﬁ:w ‘estinste off 108 2;5?‘ ’b’y‘ Renwick and iéigaxxﬂ.rZ} ar (4955 ).

e im:g‘.!mg,a wag a»m;m ‘%f.a exiat between the MU mé
‘Gii,uai,@m,l 1) Bltes, in mmh the Gal and {\ﬂ ff&m;}.:i_:mﬂ
*$3;z;~43€;¢,&:ma r;«f ghe pedigrees (% Plgethy 15) dndi cated that
goupling of ‘ahia chromosomal arvangensnt Mg te g‘ggi wag
unbeoken, 1o cevbain v econbination hetween them being
ohaapveds The maximom 34 s}*@nmm apbinate of i:?w &*&,m;mb rsg e
jon fraction was thus O {éﬁ@iﬁé}a m‘*‘ mest corbalaly. he
'ﬁ‘w;gwai@a ag yob entther of the rave blopd group antigens to
b assoclia *’*a{i dn gome mmmep m ;h 'tl:m MiSs aysten. {x a1l @w
and Tmatly, 1963)e

B
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b)  Confidence tdwib

el

Having obtained an esbimate of the veconbinabion
Eeachion, 0, betwoen a pair of linked loei in the sample of
the population enalysed (the family material), we wounld 1ike
$o Eoow its confidence Lilmiba, Confidence limlits enpress
'fz,;. th en approprlete probebiliby our conlidence that uim brue
yalue of (2] dn the populailon as a whole :E;t a8 within a G;{“‘}”*‘i;
ronge of valusty

The 954 mmﬁ?&éﬁmme Lindts for the estinate of

0 = 0148 between iﬁm ma; and the Nall-Patolls :éﬁmi in the ;m.s.
1, 2 end 3 Pamllies were debtermined by reference to the
ig‘iiﬁﬁ:&‘iiiﬁmﬁ/e capve (Lige 16).  Arvens corvesponding o 24%
of the total avrea under the likell maaﬁ'@ curve were oub ofF
'f.’"%;;m hoth the upper snd lowey talls of the ourve,

En effect, the total area mﬁw this parbl mi’i e
Likelihood/Q cuove g‘f?ngdﬁ} wos exprosasd 'w 1,08l = m;_
of o planimeber, so thab ﬁ}@r& of this avea was i;zrama out by
0,026 .:s:?@v@s! By teiel snd ervor the value of O Iimiting ;,h::;
lovwer 2% was found ab O = 0.06, while the upper fzgfé VA
cuh Gt at O = 0,225, The ares between uhcs&@ upRer ﬂ:gli"iv
lowey Limits wes thus a graphical representabion of 95 of ui‘lﬁ
sobal peobabllity of O, Hemce we could say with 957
conFidence that the true value of O lay within the range
of GH=R24 5% rocombinat ion, with the meximum likelihood

estimate/



agtimate af 11.95

LETEE SN

The linkoge hetwesn IS end Gl{Galdwell) elfes in the

Gal and @11 Lamilies wee couplete ln the L@aaut datay,
with the maxdwman Lilkelihoond egbimate of the ﬁ@ﬁoﬂbiﬂaﬁiﬁﬂ
feaction belng 0 = 0 Yo calculate a 1@&0% uumfx&e&&n
ikt dn the conventional way would be misleading. ingtoad,
tha Lower 99% confidence MAmmm was sol atb 9'% 0, and thae
upper Limit wes found by cutbing off Lrom ﬁh@_&ik@liﬁ@@ﬂ/@
cuRYTa ing. 17) 5% of ibs ﬁmtal BLEa at bthe &?Q@P 0131.

Thus we ceonld say wibth 95% cond gﬂonna thao the uxlﬁ ya.lbue
O 'ne vecowbinatilon frectlon was lean L%aa Bal5, wmﬁ?

&

the moxinua Likelibood estimote at O (zoro)s
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CONGLUSTONS »

The concluslons from this study, which was deslgned

to search fop genetical linkage relationshinsg between the loci

- K-

of selected auwtosomal uhamaguey_s tic

o

0
1la

in Man, can be sumerised
1) By foljowiﬂg hmith*q (1959) method of interpreting

“:lﬁhGLLﬁﬂOﬂ Lﬁﬁ¢0 uésts, mnvolv?mg the l:kelmhoad of the

GbuQEVQm.famlLy p@dlgwee “in the popu]aﬁlons it was pcssiﬁle

e a§$@$$ $imu1“aﬂewﬂﬂ1y the probability of linkage and to

estinate the value of the recombination Traction between palyrs

of aﬂﬁagamal loci.

2) Confirmation was obtained of the existence in the three
Tanmllies examined of an autosomal linkage between loci

controll the ABO blood groups and the Nall-Patella syndrome.

The rete of resembinaﬁimﬂ between These leci vags estimated with

95’u¢9ﬂfi@eﬁ¢§ to be in the range 6 « 22,50, with the maximum
likelihood es®imate at 11.9%,

' 3) The exist tence of a nev linkage ‘@33“16n5h1p was esteblished -

that bebweém the sites ﬁOﬁer711ﬂP the MNS and the €1 (Caldwell)

blood gfoupsﬁ the probability of no linkage being only 1.6 x

LOMTO . En the two'families studied thore was no certaln

o L g &
recombination baﬁwaem the Mg ohrmmosoma1~arfangement and CGL1 e

)

The makimum likéﬁﬁhoa& estinate of ﬁh@ recombinatlon fraction
was: 0= m?o)g gmu 1t could he snwuod wlth 95ﬂ confidence that
the rate of reoowbgnﬂhjom was less than ).Lﬁg

W S



1) The available eyidence indicated the probabdﬁlni of
linlxres )f any - degreo between the Vﬂucl locus and the ABQ,

2, Bh; K, fbﬁ oz Gn loci to be low (ebout I-im 100), with the
-upthEwal ?o “f “$ﬁiegea Qhavsmp cloger than 30% *ﬁcmmh¢ﬁﬂ tion
_bemah ev a‘l 88 (” in 300 i dn 1,000), . These findinge
:@nw?¢$m uhat thﬁ &ﬁ; Locus aemld be infeered to be unlinked to

| hm &BO P Bh, -59 By or Gm: loGi. |

5) wne OVJ@GRG f 0w ?Jnsag b@ﬁweeﬂiéhe §§§§3fanﬁ the Se(ADH
Seeﬁeggﬁ raa: was ,lg@on&lmaive in ﬁhé‘ﬁWO fomilies tosteds
\QG) ' Geme 0¢ I? ealﬁuiaﬁﬁanc 10volviy 7 the pbenatyp@
frequencleg o? the vanious blood pgroups ln néw-randcm series of
an Lated ge?smn (whe'haﬂ heen grguped by the same techuigues
and’ weay@nb" a8 wwé& uged fﬁr the rest of the fanily moterial)

_ were e SS&PLH& with ﬁohbwd?to'the practical accuracy of the
_Qrépéﬁﬁad bl@éﬂ gfsuﬁﬁaQ_:The-ﬂ@w ?andom series of samples from
“-persdﬁt o? MLGtLlSh aad Tng?m%h origln conld be regarded ag

rer “@3@% atdve. of &hei’ anauufy of waglng uhoa Judged by thc
:ffobqeﬁgb of sﬁaﬁl ‘339 Ey ignxfuaanh babavagunalhy betueen ub@m

'amﬂ pmﬁvtau& Ly pvbll shed s&rmes.-

-

‘_.?3 It A ﬁngg.uuc&$ b@uav&e the racial. heterogeneity betueen,

s “but QLQO LH dlijﬁlm g frequencles for the nmthavﬂgg 08 ngtof,'

,tLajSam isn and ¥1w14 sh popumabions appearad o be monliest

“not only in ﬂwffne@mh di‘L@mb&Limzs of the ABO blood groups,

R

O and pcﬂhnwﬁ the Rhesng alleles that Scottish allele

FRiS L YT XN L

f}?caquenc.geﬁf S



freguencies be uged &ﬂ M¢1kﬁpo gtudies dn‘familiés of Scottlsh
Corigln in futwre. In ' the Scottish seried invegn¢g3‘adg the

A@H ?ﬁ?”@b@? a?Le?aw UG“C el Limatmd Lo h“V@ ¢Pﬁauoneze - of

um gamﬁamglobui7a.

ax = 0_4,. i.!.;nt)c?v_‘_

8o = 0471 and .\J;;M s O 38@,9,,-‘-1-;}13,3“@ tho g_m G f
| ’grou Ni u¢1awes had iﬁequ@ﬁ@i@s 01 Qm ﬂ lb§5 Cm
' A_-._qﬂd. S(“\ b 0&668‘%.

¥

8 3@@3@( Lie eatlos were uDﬂJi%tﬁnu with aho h?pc thesis that

L he NﬁiLﬁ ldliyﬂd?ﬂme‘&ﬂdxﬁhﬁbﬂl” {Caidweli) blood group

ffﬁﬂt&g@n w@rg-ﬁhé,r@gula? Qxﬁ?ﬁssiong of autos Omal alleles in

the heterozygous stabds
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CALDLWELL 6
Key to symbols used in Tables 1 and 2
Column .1 Pedigree num :> oz Propositus.
72 Pedigree numbd of' pArents.
3 Sex.
L Yof b = Vea:r' of Lir‘th.
5 L.or d.:-. iving (13 or dead{d.),

vith dmc. of death when known.
BLOOD GROUP SYSTEMS

6 Caldwell phenotype, Cl(a+) or Cl{a-).
7 ABO phenotype.
8 MNS phenotype. Tested with anti-M,
anti-N, anti-S and anti-s sera,
S P phenotype. Tested with anti- P, serum.
10 Rhesus phenotype. Tested with anti-C,
anti—CWJ -¢, ~-D, -E and -e sera.
11 Lutheran phenotype, Lu(as) or Lu(a-).
12 Kell phenotype, K(+) or K{(-).
13 lLewis phenotype, Le(a+) or Le(a-).
14 Dufly phenotype, Fy(a+) or Fy(a-):
Fy(b+) or Fy(b-).
15 Kidd phenotype, Jk(a-;.) or Jk(a-):
Jk(b+) or Jk(b-).
16 ABH secretion phenotype, + = Secrefor,
- = Non-gecreior.
17 Gm phenotype, Gm@+) or Gm@-) :
Gm(b+) or Gmi(b-):
Gmx+) or Gm(x-).
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NALL=-FATELLA  OYNLRUNZ g

Key to symbols used in Figs.2-4

Nail- Patella syndrome present.

N

Nail - Patella syndrome absent.

Insufficient evidence on Nail-Patella syndrome.
\®\ Stillbirth or death in infancy.

© Miscarriage.

‘g"g Exact birth order of sibs not known.

Blood groups indicate extra-marital offspring.

/‘ . Propositus.

ABO phenotypes recorded where known.
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1(
Key to symbols used in Figs. 5-13

Blood grouped. Found to be Lu(as+).
®  Blood not grouped. Inferred to be Lu(a+).

© Blood grouped. Found to be Lu(@a-).

O Blood not grouped.
Sec  Secretor of ABH substances in saliva.

Non Non-secretor of ABH substances in salivé.
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Key to symbols used in Figs.14 and 15

Blood grouped. Found to be Cl(a«).

© Blood not grouped. Inferred to be Cl(as).
Blood grouped. Found to be Cla-).

O

Blood not grouped.

Stillbirth or deaih in infancy.

| \@\

@ Identical twins.

&\@ Fraternal i'wins.-
>,

/ Propositus.

MNS phenotypes recorded where known, with the

inferred genotype of an MNSs phenotype shown
in brackets.
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