14th. December 1945,

Thank you for your letter of Novamber 27th. Reoe tells

m& that ho has already sent you the earlisr notes 1Il-l'7.'l.l.¢h only alicht
and tiﬂtlt-lvu referenses were made to the scheme I suggested. I
enolces now three more, whish I en afraid you will find almost egqually
elight, but you will understend thpt publisation of leng artielss i
ligble t-u ba very greatly delayed owing to peper shortage and dﬁ:ﬂl-i‘r
diffioultien in this sountry. Thare 1s, therofore, a }ot more to be
said than these few publications make clear.

The notetion, whan I put it forward, was intendsd to leave open
tiie genatiowl queation of whetlier, 88 was at first apsumed, we have n
series of at lenot soven miltiple allelpsworahs, to each of whioh nmust
Lg msoribed about two. and sometines tlireo, sctive antigens, or whether
thene rl..l'li-i-[":ﬂnﬂ eaph holow: to a Aiifurent jrens, occoupyring thrae clonely

adjrcont loct “in the semo chrorwmaone. The fromqonoles oboorvod in



Buropean end white Amerloan populations do seem to epeal strongly in 2
favour of the letter view, for we hnve,in fmot, three common jenss
or oumbluations with B, p aud B, gonetitusing obout 95% of mll
aombinations present, and a group of four genes at a sscond order of
frequency, say 0.3 - 3, all, ae it were, in a oluster. TFinally, the
eighth poesible combination, which I have called S ia obvicuely
conasiderably rerer tnan the leat gronp of four.

¥ow in pespeat of elenontary sntigens, all tiwe comon lnteroeysotes
E, E:IEE and ﬁ are doubly heterogymous. The ingredients of
differing in g and [, of RyR, in g and § end of rR, in 3 and Z.

—E
These hetarosyzotes sonstitute mbout 54. of our population,and e very
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low rate ol oroseing over betwesen the three hypothetical luei would
profdugs and uaintain *—%ﬂmr moflarate counter selection juat the four
rarer ;jenes which have boeen dimcovered, 1,e, sll thros double
haterosygotes would produce R, and the sthers would produce R', R, end "
respeotively, esoh in egual Fu-r.fhm-i with By It ia mml.l_'nrn mzgestive
that toeee four genes should be of the same order of frequensy , and
matgaﬂmuanwwnﬁumwurwm, with u frequency
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about equal to the eum of the freguencies of tho three othars, T have
no doubt, therefore, ﬁynulf that thesc four rarer nllelomorphs, as tiey
were at first thought to be, are really products of rare croasing ovar.

1 think we may indeed go a sten furtier and observe that j" is at
least slightly the commonest of the thres combinations less frenuent thon
Ry while ite perent haturosygote _E?._r io tho least frequant of theoe
thres hoterogygotes. Thie seema clearly to indipate (at least 1if
differencee in viability are not very great) that the frequenoy of
oroseing over between D and K ie preater than the other two oross-over
vnlues, 1.6, that ¢ lies between D and E in order along the length of
the chromosome, or eles, what would have the sww effeset, thet § 18 &
minor struoturel anomaly, such as a omall inversion, oapabls of
reduoing oross-over frequencsy locally, whean ¢ ie heterosyrous.

fis are now in the position to gonaider the omse of Br' vhioh should
also, at lonst cocesicnally, be produced by eromeine over, It ocould
not e 80 produoced by any of tho cormon heteromypotes as could tha otler
four combinations, but could be produced dy the triple heterozygotos
RTRSy HoRl-and—R-r-



BqR", 2R' @nd Rgrs If I am right as to order of the genes, the r:fn-t
and oormonest of these, oonstituting perhaps 1) of the population,
mist be oounted out, for it would require a double crong~gver separating
8 fron D and § in order to produce E_-,.— The two triple heteromypotes
svaileble for. this purpose soom to gonstitute in the vGwples
at present ‘aveilabls only about 0.3 of tie Dopulation, and i theas two
oach meintained a freguenoy of *‘-:r nw:gﬂlmt roportionately td the
fregquency of R' maintained by ...E “""‘1,1,;31: raintelned Ly .'E?.H_E' then we
gould expeat o frequency of 33, obout 50 jer million, i.e. abont 4/60th,
of the frequensy of the lsast frequent of the othap notitination H;'
This, I believe, suffiolently explains the non-discovery so far of
B‘?; for 96, of By renes will be in the three ocombinaticns M. :'fxnml
M, and these are all at pressnt maslied through giving serolopieal
renctions identloal with aomwunsr gunotypes. ['nr exemple, rR,. has the
Bame gens coutent se 3'R", but should coour of the above sgtimate of
frequency in only abuut 38 perooan per million, wherans R'R" might well
ogour in 300, conseguently the grest majority of pergens of. this
phenotype Lif investigated through their rﬂnm%. to be m and
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the few caass oo far m'rént-iglhl heve, in .:l.'uut, turned out to be of thin
genoiype. Agein H1 is at present indlatinguishable hﬁmm. about
elxty times pommonep, though the distinotion will be roseible
serologleally when, as I anticipate, the antibody _{ is disoovered, for
3P, will be d -negative. It is aleo indiatinguishatle from R'R; and
will ooutlnue to Ye o phenotypionily, even if mnd when d beccues
evallable. I suspeot, howevap, that at this stogo ;3 iany ba found, Tor
ite frequency, say L4 per million, ie about double whot im #o he expsected
fmm‘h'!'_ﬁ.- I imegine, thercefore, tat the discovery of B, 1a
improbeble until 4 in wveilable, though 1f 20 op 30 ganss of the
vhenotype R'R" eould havs their relativen examined, I tiduk 1t would be
Tound amoug theass. ™he tidrd and loast frequent of tha nyzmm types,
nasaly EEEI is intrinsiocally indietinpuichable Mvem Eﬁﬂ, which ruat be
deeidedly the more freguent genolype of the teo, luth belng sxtremely
rm:rgw .

“hw two genotypes oan, however, now bo rescgniscd through Yourant's
discovery of the mntibvedy T or enti-e. Yhey ere logioally in the sane

position mm the conmoner group K'H.
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It was moat annoying that through a pather inexoussbla rdp- i
atatement of Levine's severcl writers in this cowitry were rmislsad into
 tidnking that he hed obtalned 'H?I; spesimen of the antibvody d . Tt is,
howsyer, now oclear that his statement that all R,R, individuals resoted
negatively to his antibody wee n complets risteke, and that in faot all
.E‘.ih teated had reaoted positivaly, consesguently he ruat have obtained
a speoimen of ths antibody Y/ a5 not of 6.

Aecant worlk of HRaoe hH.H mada it clear that the elamentary mt.‘lnun
Q has a third nllelmmrph,. whioh he omlls Q% This allelomorph rescts
with a opeoial entigen — , or Mﬂ__. widoh 1s not vnoormonly presant
in what has been regarded ae ordingry . berum. Qoneequontly
individusls of constitution gm_;‘g_ wers at firot oclassified ae _‘Ifi
It seema now clear both that ﬂtﬂ_ ang anti-g are seperate antibediss
and, as would be expsoted, that Q_ ccours also in othar combinations,
at least it hae been found in the oombination SWae. Q"IE and g:ﬂ have
not bsen found, but thuee would Le expeotod to o u:tuidimiy rare.

On the eingle feotor thedry, thavefore, wo cliculd ta eneak now of twelve
rhosus allelomorphs, of whioh nine have been found, or &n the thros
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factop theory, of three lool, with two, thres and two ullalnnurﬂm
gonce respeotively.

At Lhe presant time, I bellave, sreat i rtence si:onld ba attoched
to the sxamination of all hossltel peapients who have recantly hed
transfusions, since 1t is mmwrng thess that the hitherto unohartsd
antibodien are likely to oecour. ' In ;nrtinulm:- ¢ oAt natienta of
.ﬁm;rmt gonstitution 3& would Lo f.hnnruttup.u;r conable of produciug

and’ g0 further facilitate the recoynition of £ie papap panotras,,

The whole subjeot sesma dus for very conmidernbla axtenn'on, nnd I
hope that 1t will reccive in the United :tnton tha nt.tn::tiuh:'whiﬂg it
undoubtedly deservans,

Yours ainosrely,



