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Dear Professor Fisher,

There are = number of peints of intersst ralsed by
the reprints which you sent to pe, rarticvisrly in connection with the
thaory of dominance evolution,

I like your theory u® selection smung the wodifiers of intermed—
iate heterczysotes lezuling to dominunce bHut there ars one or two neints
whiecn I shuuld like to raise in this nuh;act.i:.-m

Ag ragardo the effect of hunan aelection in lmmesticated organiams

I ar convinced that selection of modifiers has pluyed o very impertant roke,
If your experiments with hens work out as 3uceesafully aa vou expect,I
think that it will provide 4 vary elegant Jemengtration of hew the dominsage
of certain cenes srolved in an unusval manner s o result of selesctivn in
an unusual posulation,

However I fesl that the jueation of dominance in wildl popul-ationa
iz much more El]'IE!I:'!l..'!l'_’I.tiﬂ'E.‘i.‘l'. present. Sewsll mrignt’a thaogry , ag expounded
in 1 recent numogr of the dmerican Matveallat, seemas to me to be too sound
to oa lizntly dismissed. His iden recedves support from a rathar unexpected
direction viz, tue 2enavicur of quantititive characters which, as T, Raae-
wusson (wereditas 1€33) has shown, strongly indicates factor intersctlon in
the same way 23 Yrisht postulates for the twe homolovsous zeues. I think
thit it must be craonted thet will oe o zener 1l tendency towarda domlnance
no matter whether thare are modifiers o not. The (egreea which sunh domi=
nance will resch is 1i'lun:nll;'u&'il'm:‘r nore syﬂcula.tivelund._ will probadly vary in
different c-ses, However if an all-or.none reaction is included in the
train of events,douminance nuat be somplete,

Buch a physiolomical theory does not and cunnot vreclude the
possibility of selection of modiflera as VWricht hingelf grants, althowsh
he draws what seema to me to ba a rathare Fine Jiztinection between Jiffercent
typee of aelection.

I have not space to review ill the evidence form the pointa of
view of the two toneories but I think that there are 4 Few particular instan-
cea which are of nore than unusuval interest in this respect 8 which mizht
vary profitably be considered.

Firat of all there are the eye colour suprressors in Drosophila.
Trasumably on your theory the eye colour mutsnts ara recessive on account df
gome dissdvanta<e in the intermediate heterczygotes having been saelected
againat in the pzat. S0 it seema to me that it should then follow that any
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eye colour genes should not se disadvantazeous but vather tand the oy 0=
aite way. Hence one wulﬂ#e;&-.?._et the sunpressor genas sb=iww=t to chow
intermedizote neternayﬁutﬁﬁé The aptual superiventsl results show however,
that 31l the suppresscors are thenselves recessive, iqﬁact one wild tyne
sllelomorih will everride the effect of two of the sunrressor zenes. [ dridoes
snd Schultze, Amer, Mat, EEEJ]- I cannot quits mee how such 4 result would
folluw on your theory,unlens it 1s postulated that the supiressobs affect
vther characters adversely and of coursg it must be zranted that they are
gex=linked , which will affect the conditiuns under which selectine arenta
would work. On the other hand suah 2 reavlt would follow vé;r esaily from
an interaction hypothesis auch as Wrlght's. Suppese with "redisht, that the
gene 18 the contrvolling influence of certain reactiona in + chain of events,
Then the effcet uf the eye colour mutanta miszht be to reduce the apeed of
some link in that chadn of reactions. Then the sun;reasor nisht be suprosed
to speed up the regction at Souwe orevious atage ia aueh 2 way that the net
result ig = hafur&F14 rarirds tlie eyve colour, This would fuvthermores lead
one to exrect sunme awall diffaronce batwesn khe wild tupe and the typa with
receassive oye colour mutant and auvgeeaor preamt alneas 1t sesa improbable
it thic too offects would emtlpsly bBzl-ogce gne wmotber, This 1« I think
what Schultze [Proc, Wat. Acad, fSci. L83 or’3L) finds. {1 carmot get hold of
nia paper to check thiz etatement as thatl Journal i3 oot in the Lidrary Lers,
a¢ [ wm workinge frowm memorey at this point).

Nast tuminr to the oose of the so cdled "ducinwnt’ mutationz in
Tregouphila, 8n your {neury they shoul! shew intermedliate heterosyrotes
bagause tlJEFiLIE not vet oeen selection of the noelifiers ohich would muke
fur dmd;uincn of the wild tvpe allelonorph, This courld Tollow Frumta] the
intermediate hertercezy wtes mnot heing deletevicus to tues Fly (b)) &= the
mutation baving oeen too infrequent for selection to have had the nocessary
ACOuE or be {u]ldm gzene palr belng relatively new in the hiatory of the
specles and selection not having had time to work to any extent. The sitdapiam
does not hosever obear out these expyectationa altogether. In very few cases
is tne hetercazyiute a3 viable a: the wild type. At least one such gene palr
{Delta and its allelomorpn) was presumably in existance before the separation
of melanogaster and simulans since this mutation has been cbtained and proved
to be the aume in tnose two species, and finally a number of these genes
(arain including Delta) have octutréd a3 mutations more than once in culture,

s0 showing that they nave not oceen too rare as mutants for seleetion to oper-

ate ynlegs it ie suprosed that they have different wutation rates now than

before.



On the othay side is the case, noted oy Ford, of the cffacta of
certain colouvr Zehes on the internal organs in Droszgphila. I can see no
easy explanztiun of this on a1 purely rhyeiolozical hypothesis,

Of course la conaiderinz any such phepemens 4s dowdinance from a
physiolozical point of view we are badly handicapped by lack of knowledze of
now the genea work. Any such consideratlon must Le of a rathe greculative
nature, but it does seem to me that dominanca wust be a product of bLeoth
selection and zeneral nhyslolopgigal tendencies rathe than elther by itaelf.
The precise role of each in the evoclution of dominance is impossible to
analyse at the ncsent. In planning future work on the =uhbject [ think that
it will be very neceszary to work frou both points of wiew. For exumpls the
physiclogical effect may perhaps be tackled oy studyins the effeect of the
game rréne in two Aifferent sorts of protoplasy such as thoae of Vicia faba
wajor and pinor which firkas Las shown to be very different. Then there la the
pegsibility of obtaining information by Huller’s wmathed of adding very small
chromogoma fragments containing the gene under conaideration. From nia
lestura bafore the Ceneticul Society last year I gathered the lupression
thit this may be o very uvseful line of work. It will of course regquire some
knowladge of tne effects of ¥= radistion on the chromosomes of the organism
used as Y-rays ®ecm to ba the only way in which asuvch fragments may bhe obtaised,
Thare ara slso 4 numderof other lines of apcrosch ahich sugcest themselves,
out whicn of courae might grove to: be lwpracticable, a.g. there is the chanet
of starting artificial selection in sowe w.s.y::.'rhicn it would not ccour in
nature, but thisz would probably tuke too long, and there 1s thoe poasibility
of syidence being obtained by a study of the effects of genes which affect
both morghological and paysielougical charactera of the orzanism. One line of
work which I am sure would be very useful would 2e to tackle the gquesticn of
dominance in polypleoids. It is guite conceivable that in allopolyploids like
wheat and oats, the modifiers do not get the chance to work properly on acceswl
of the correspconding geneé in the"analogous" chromosomes, It is of interest
to note in this case that certain characters in those two plants 4o show
incomplete dominance [ grain colour ir wheat, chaff colour in cats) but with
def¢nite signs of factor interaction such as vrighté theory would demand. In
other words if the effect of selection for modifiers is lessened, what domin-

¥ 13 thiomplip
ance there is seems to be of a waysiologlcal na.turi{ This would apparently
indicate that in diploids dominance is of both types,as the Erogophila
dats reviewed above also indicates. This will also bear on Harland’s came
of the benaviour of crinkled dwarf in the Upland cottons. Cotton is poly-
p]ﬁ:‘{fmm Etl:wutud 8, work] but it seems to me that in that-case the analog-

™ "Fﬂ L '.' I-. - L' .l.l'l" (' . *i rr'rul ¢I! i

o -:m:nmnsume&* Are very ﬁiffemtiatcd and go-omws the ' g’htiqﬂ, bahuv:hﬁ



9
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Aeracticallyfto that of 2 iiploid, HarlandS oom results now show that tha
situation is not so sinple as it first appeared wnd perhaps consideration #
from soue sueh coint of view as I have suzseated way help to clear up tha
question.
. LY
Finally I think that one cannot orerlook the effects of paiihlﬂ
reduplieation within the nermal chrowosomes of 3 Jdivleid comrplement. Such
on gemelical grounds,
raduplication 53311!5’{1!-& be present in Piaun zlthoush that is not yet proved.
liow far it occcurs in other organiams is a matier on which we have little

coen wihiak fg At aiblard fopes #nly bivylenh al
evidence. fatcneside’s vsservations on the haploid Denothera h},lrﬂ_i_ﬂjﬂA medossy,

indicate duplications in the hapleoid complement, althouch some American
eytolosists would interprat his results as due to non=honologous chronosoniss
pairing - wn explanation which I peraonally ide net faveur. This line of
arpurent links up with duller’s work, -woted above, and parhuens mazy be
apuroached in the sane way. It does howaver soen to ne that the oytolozical
glde caunnot be neglected even in cunsidering suveh pursly gemetical gqueations
aa dominance. Cytology can aupply no information in itself but provides the
nacesgary basin for the i.nteryret:ttinn.yﬁ the mepetical reaults.

The ecytolorical side is also --rnn‘-in:nt in the gquestion of the
polymorpile forms, Toelr nebaviour fita in very beantifully with your ideas
but I =m concerned to Lknow now the close linkage ia brought about. It could
be dve to inter-chrumosomal linkige due to trunslocations bit/fue conditions
which must oe fulfilled for such a mechanisn to be good, are rather exacting.
I feel that tnere nuzt be wade a very careful study of sowe such form Trom
this aspect. IF tha snail chremosonies are at all suitable I think such a
gtudy would be well i'l'ﬂ'r;_j:ﬁ unaertaking.

Teuving the theory of dominance now, I was interested in Yinge's
tieory of the behaviour of doubleness in Stocks, 23 1t marches so closely
with the results of ®Philp =nd duskins {Jour. Genet, 1531) who were 4ble to
show that the pollen lathal effect was dve to one chromosome {[the one with
the single gene) being deficient for 2 trabant.

I also note, both from your stock and linkasge estimstion papers,
that you are interested in the a rlication of mathematica and mathematical
devices to the extraction of fuller infomation from avallable genetic data
1 have nyselfl, been intereated in the application of such methods to cytology
- a aubject which in my opinion is in need of fuller statistical treatment.
Racently I have bean uble to demgnstrate, by the use of analysis of variancg
a very slanificant nezative intra-class correlation betwesn the chiaama
frequencies of the bivaulents in the pollen mother cells of Zecale cereale
and Vigisg faba, (Thies is paralleled by the increase in crossing over in one
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such n= heat, ¥-rays etc., which we know u=ffect the chimama freguency, we
fay obtain much informatien ahbout tia influences underlying theformation
of ¢hiasmata and ¢éressing over. It in o« probYlem on which I am working at
the moment and ome with whiech I ahoyld ba congidarably assgissted by beings
in touch with mathenaticilana,

There is anotoer use of mathematice whick interssts nie considerably
viz. for linking up eytolozieal und genetical nathods. Mudern cytlogical
theory:-is so far advanced as to rpovide us with o very pood weapon for the
attack of unusual zenetical resulta. It is a line ¢f work which reguires a
veg good knowledge of cytolosical theory and genetles at the ssme time, and
the abllity to connect them up by mathematics, Hence it has been attempted
by very few people.Bo far I have only uvsed simple calculatlonas but the
results indicate what could be done by more refined methoda. For example,
in = paper, which I wrote recently (unpublished yet), I waa able to show,on
nytolozical grounds, that two genes lyin:; in the same arm of o clircmoscne but
ghowing noe linkare o alternate dowinant and receseive in the progeny, owing
to the cocurrsnen of more tnan 5J% crossing oven will wetray thelir positione
ny Failing to show indcopendence in their proportions of reductlonal and equ-
atlonsl separation 2t the Tirst melotic divisien, iﬁinwt ean e studied., In
one case where we have Tenetleal data on the typ2 of reduction, viz, in Agmwx
mori, there does exist such = "redvction correlation" between the gene pairs
W-n and X-¥, which are normally not showings linkafe. The cytelozical theory
of reduction alaso uroved to nrovide the explanation of come of the f% data
from Drosophila, and to be very necesaary for s proper understanding of
polyploid segresation. These results are, I thénk ,of importance and , am T
anid before give =ome idea of what nay be zained by extended anslyais along
these lines with the rooperation of a1 mathematielian, In particular it may
be possible to use such nethods for detazeting wnuspal types of Ccross over
relationa, such 48 chromatidi interference, where 1t has hitherto been im-
possible.

In conclulin: I mizht mention somethning which I omitted above, wviz
that I have 2 number of 1ifferent wild strains of Trosonhila melanogaster
into which at the moment I am backerossing a numoer of diffearent zenes from
the normal mutant stocke.At least one of these wild strains is phenutypicalf
v%r different from the atindard wild type of the American workera. Although
the backcrosaes ere being conducted from another point of view the results

may be nﬁintareat in comnectlon with the theory of dominance evolution.
I trust that you will excuse the somewhat disjolinted nature of my

comments. A full diseussicn of any one point would want a great deal more



space than I bave at my dilsposal and Bu,of neceasity, I bave had to confine
oy remarks to the more salient Teatures of the csses. I ean only hope that
at some future date I may have the uvpportunity cof continuing the discusaion
with Hnujruvticularly o the suidjsct of dominance evolution, which is s

watter which attracta me strongdy but which in the past I have never jad

the oprortunity to talh-ﬁ?errtn any extent,

Yours aincerely

f iiﬂﬂ ,.,-"‘
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