21 December 123L.

HIJﬂ'I' L uﬂl"ﬂiﬂ, ?Q».l.h,
Crippa'a Curnar,
Forest Row,

Suasex.

Dear Major Darwing

Hany thanks for your letter and for aending me Mra.
Barlow'a paper which I had not before seen. IT I may,
1 will koep it by me until I can compare it wlith a later
papar by Zsst wno hao worked cut a meore complicated system,
which he secms Lo be q-u:lt.e cunficent of, though it does
not everywhers seam to i:nll;r very wall with ¥re. Harlow's
data. His acheme involves, like hers, a single factor, A,
which distinguishes short from long- and mid-styled planta,
but the difference between mid and long he sscribes not to
a pingle factor but to two factore,both lsthal,one or zha
other or both of which will wurn a plant from long to mid.
Moreover, these Lwo lethale are in his scheus somewhat clozely
linked,with the resule Laal chere are in all Len poaselible
genotypes, one of which is long, four mid-styled, d,li.u tinguished
according to whether the plant has one,or the other, or both
in the same clromosome (coupling),or both in cppoaite t:hrumﬁ'



somes (repulsion), and five short genotypes correspending to
both the long and the mids with the addition of A.

The close linkage of the two lethals, giving apparently
cnly about 10 per cent. recombination arcused my curiceity,
and 1 thought 1t muet have an evolutionary significanca.

You see I am suspecting that Natural Selection will have
left its traces on linkage as well as on dominance. 8o

I thought it worth while te work cut the proportion of the
numbers of the different gencoiypes arising irom the 28
legitimate types of mating assuming, what ls quite poesibly
inacocurate, squal viability and fertility for all genotypes
and thence finding at wbat Tfrequencies a population mating
according to the rales would come Lo an egulilibrium,. It
geems to me proper to ignore diifersntial viability and
fartility at this stage, partly because it would be almost
imposaible to obtain data on these points appropriate to the
wild conditions except Indirectly by comparison with the
cunseguences of the simpler theory and partly because this
theory might itself suggest ways in which the system might
be led to depart from the simple conditien of equal viability
and fartility.

The existence of a condition of equilibrium is In.lul‘ldf
if wa can ignore illegltimate unlons , by the faoct that if
any one style type is exceptionally rare each plant of it

will have to do more than its mormal share in pollinating



the other etyle typea, and sv will be at a selec tive advantage

and increase in numbers until eguilibrium is reachad, and this

!
worke fairly rapidly; I mean that you could start a colony in
almoat any proportion provided all the neceseary genes were
prasnntj and in fifty generations there would ba only very
trifling departures from the equilibriuve proportions.

The leth:l genes are always tending te die out, for
whemaver twu ol the same kind meet the zygote ie inviablae.
Consequantly the number of mid-styled plants must be depressed
in order to give the lethal Jenga which Lheay contalin a com-
peneating selective advantage. It will be sufficient to do
this 1f', out of a thoueand plante, the population contains
377 long=-, 283 mid-, and 30 short- styled. i the two
lethal genes the more numarvue will be at a greater selective
disadvantage through the sliminetion of homozygotes, but they
wlll share the same selective advantage, due to the compara=-
tive rarity of the mid-atyled type, mnd conseguently will
come ultimately to be equally freguent. 1 find, leaving
out decimals, that the 2383 mid-atyled will bLe made up of
135 esach for the two single lethals, & for the double lethal
¢ounling and 7 for the double lathal repulsionj _the
jg.anhnrt types will be 221 non-lethal, corresponding to the
long-atyled, 54,9 sach for the single lﬂhﬂl}ﬂnlr 2.8 for
double letbal coupling, and Enﬁf;ﬁuhll lethal repulsion.
Thesa sre the propeortiong whigh would axist at any one

time in the wild pepulation when a state of equilibrium had



been reached Irunder the assumed roles of legitimate mating.

The counts quoted by your father do not supggost that the
mid-styled are in fact rarer than the lomg-styled, at least
not 11 80 high a ratic as 3:4 and it mey well be that the
higher fertility which he found for the mid-styled us seed-
parents, though compensated by an agparently lower fertililty
as pollon parents may be a furthar compensating mechaniem,
which bringe the numbers cloger te equality,than they would

te on my simplified assumptions. Howeve. that may be ’

cne may firet follow out the conseguences of these assumptlons
somewhat further. For though the numbers I have glven
reprasant the fruqué'ncinﬂ of plante in a cpulation in
eguilibrium, yet,; owing to their unegual freguency of parentage
they will mT represent the propuortione they contribute to

a remote future generation. Cnz ean soe thie even in the
Tiret generatlen Tor the 377 longa will becoma the parenta

of 720 plante of the next generation which counce only 360

to their long parents and Lne final reduction will be

gomewhat greater than t.hinrhacnuna these 360, though comprieing
all siyle types, will yet contain mors than the normal
proportion of longs. My nextL stage was therefore to work
out tha reproductive values of each of the tén genotypes, in the
gense of its probable contribution to the anceatry of a

remote futurs generation. Thuse a thousand longes I find to

be worth about B50.  Of the middTss 1000 of either single



lethal kind is worth about 1673, A thousand of the double
lethals in coupling is worth 10BC, and 1000 of the double
lethals in repulsion ie worth 1l21. | Similay figures with
gualler differonces are found for the five short Lypes.

Ihe point that [ think matters 1s that whereas the
Introduction of 4 single lethal incressep the value by
123 per thuusand and & second lethal in rayulailon increasas
14 further Ly 48, yaebt the extra lethal if introduced in the
Bane Chrouogune g {coupling), is only worth 7. Consaguently
it ls advantazeous t. get what lethals you have into different

A
chromosones, and keep them therej whioh can oe done by

!
tightening up the linkage. The amount of linkage only
affecto the jrogeny of the four rare double heterozygoles
goupling and repulsion in mid and shnrt}wltiuh Logether
conatitute cnly 22 per 1COC of the populatlon. Morsover
for the coupling plants lucaser linkage will be deairable as
enabling the twe lethals te gal separate, wh!.l&win tha
glightly more numercus re ulslon plants tignter linkage will
be desirable in order to keep them from ge It.t]n;; Logetlier.
The net selsctive sdvantage may be found by working out the
inereased valus of the vrogeny of each ¢of these double hetero-
zygotes in each of its poseible matings and striking a balance.
Thus & 1 per cent, change in linkage intengity, say from
10 to 9 per cent., reccmbination, gives a net advantags of
5.2 per million from the repuleion plants againet a net

disadvantage of 4.1 per millien for the coupling plants, or



& balance of 1.7 per million memsuring the selective advantage
which such a change woulrd enjoy.

For aught we know thile tiny selective intensity may be
unbalanced by other causes,and be slowly tighteming the
linkage between the two lethals until ultimately, in the
kind ui’ pense in which one apeaks in the theory of the moon,
thay become completely l:I.nknﬂrlnd incapable of being brought
togethuer into the same chromosoeme; in which cazse they will
appear 46 though they were two lethal allelomorphs of the
Bame gane, whuFu helerosyxota 1 viable; and on this view
we musl suppose thal selectlve Lilousltles nul uuch sraatar
have brought Lhew to their prisent condition of close linkasge.
Alt.n:mabiufalz,r; this minute uul:ﬁt? mﬂummit;.r way bo balanced
by uvther causes and the syslem hss now reached the point of
balance with those uther causss, having Luen brought to ite
present condition by the still more minute intensitiss of
its previoua unbalance, The only third alternalive to
these two views is to say that the linkage is a sheer coinci-
denca and that it has just happsned that two mutations having
the Ilur;u affect have bappened to ocour very cloee to each
other on tha ﬂﬂ.;l.l chromosomé, and this alternative, aa you
will gueas, I dielike intensely, though one must admit it
a8 a poasibllity.

(ne could wish there 10 trlmerphic species of Lichrum
ahowing different stages of this lunar process. I wonder if



FIIE'-

Wrs. Barlow knows what others sufficiently nearly alllied Chere
may ba. Anyway, when [ can posaibly get down tumﬁgﬁlﬂi
I mean to ast the whole thing ovut at langhh!nmi sat the
Royal S.clety the preblem of deciding whit._l:mr it is a
botanical vr mothematical ;:-uplrf

It wag ilremendously good of Mra. Darwin to think of the
sweata.  They will snjoy tham immensely and I balleve Harry
has perpetrated a letter on the subject. My wife joine me

in goou wighes tu yourself and Mra. Tarwln for Chrlstmaas.

Yours alnceicly,

I am enclosing two recent reprinty uf mine. The last
paper of minc on dominance pulls the thing Logether much
better than I had praviocusly dune. I am reatwiilng at
the sama time tha two leilbters you were good enough %o let

me see from Ford and Lhe one to Freeman.



