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Ky dear Professor,

I muet apologise for the delay in answering your letter 3 I hope
i#his has been of no ineonvenience to you.

It is rather gorry to resign a post from & Department like yours;
but both f_{:‘iﬂm’-u raapons and the changes which have ocourred in my family in the

mennwhd.ln\"}:aap me home. I am not in a too bad position here,but I fedl sorry to hawve
lost the permanent opportunity,which I hed in Casbridge, of your advice snd help.
Shall I write direotly %o the Secretary of the Gemeral Hoard or to other officers of
the University Glesd v rigiguader 7

As to Cynthia, I should be extremely glad to have her here,as long
as she would l:i."k.a to bejbut in order to be mble to do this, we may need your Hirect
help., The present 4ifficulty is that the Institute being in some finanoisl troubles,
fellowships for guests have been abolished,shortly after I came to Cambridge.l Hoped
there might be exceptions to the rule but it does not seem likely for this year. We
8till agcept of course gueete tut the difficulty 1a to find the money for living expen-
sas, I am trying othar ways jprobahly the surest would be to dbiain for her grants i"ﬂuu_;f!\
pne of the usual channelis,bur for this she would need I imagine your direct help.

I should wery much like to have your opinion an an experiment which
I have made to test the problem of the origin of resistant mutants. It is described in

ot
the enclosed sheets and photograph. I shall give & paparwarmmuium in Bome end

of thie month,and at which Hinshelwood is expected to toke plnﬂ; ] Qesois Yo vany LT
The other photograph which I am enclosing is ‘only whntilszems to na
a nice pletorial representstion of & latin square. The experiment was a bicassay ocurve
with aix diffarent concemtrations of vitamin 3 12,srranged in a latin square on & large
sgar plate mamiziming deeded with a Bl2 defiolent mutant of C.ooli .
He the K-12 work :ths programme of the latin-sgnare=designed proo-
ges is being carried on as followas. A TILBlu gtrain carrping several supar deficiencies
was madex streptomyoin resistanty on one handj on the other hand it was by suoccesaive

anleotion of epontamecns '1“+,L+.Bl+ mutants fwwes made nrototrophic I['I'LZE-]_J-]. The two



‘strainsvean be -crossed  together on minimal agar + straptnm;rn:l.n,i' By beck mutation of the
sugar fermentations (which dse more easily accomplished t]:a;lt!:ﬁr other sppe of =whwttew)
markerd,without mmtagens) I am now obtaining the necessary sixteen strains. Tarsmcex Six
straing Fol ERi somplementary orosses have already been secured. The diffisulty,yet unihe

vestigated, is whéther the sogalled back muiaiion for sugars is stxismet & change ocoour-
ring always at the same locus.
I have not yet olear enough ideas in sy mind %o tell you gbout the blochemiocal badds

of polygene mction. I have carried somewhat further the cklorcmyoetin story and xm showm
terrampein resistance to behave similorly to it,with the addition that there in some oross
resistancs to chloromycetin and terramyoin. But two major problems ponoerning chloromycetin
remain unselved: how two independent first stepe add up'thnir resistances, and the reason
for the negative interacilomn ubﬂmaﬂ in srasses between high-resistants. As to the latter
gquestion,all I can soy is that -l-.ha?h‘f'&:-a Yery poor mﬂrﬂ:“‘ﬁﬁ mgaing them to sensitives

no clear cut higher resistance is obiained. I should 1like to know more,if possible,about
these two questions beforeiitl 8BHals paper to Heredity sbout it, ;1 gn 4013 DDT-resistent

flies pose some problems not far from these.

/{-"‘“E" Conih=

Yours eingerely



aJBTRACT FROM A PAPER TO BE GIVEN AT 4 STH.I.‘D%H O " GROVWTH AND
GROWTH INHMTRITION " ROMEI® END OF JUHE.

Ten 5 cc. broth cultures ate mnﬁtﬂﬂ. with 1000 sensitive nells of E.coliFE 30
and incubated to saturation of gpowth . They are then centrifuged,the sediment is collkeo-
ted in 0.2 co of saline and the whole amount of each oulture is helved, each half being
plated on chloromycetin-agar containing 25 micrograms/ml of the drug. The mumber of
cells per culture was 1.6 x 1Dm,

The twe plates; A and P obtained from esach culture are inoubated and coloniea
counted efter 24 and 48 hours. Data are given in teble I,first five columns,and show
an obvious correlmtion between numbers of resistant mmtante in plates from the same

culture ,which can be tested by ths ratio i&m the variance between oultures to
that within cultures,giving F =14.6 for 940 df,which iz significant mt the.ljslevel.
These data are for 24 houra onlyjat 48 hours Faeme—ime two plates which were not counted

LTS

dwewdo counting difficulties,for which & fuller explamtion is given below.
wgiald |
when the ";: teot :Bﬁ"'t.t- teclinigue of counting is srvlied to
theeo data,a Tur too high vulue to be acconnted Tor by shance 1n

found ( r- f1.44 for 10 derrees of freddon).

The reason for this departure from an entirely correct tachnique ia to be soupght
in diffiocultiea of sounting the resistant oolonies,due essentially %o their variability
of size. (n the first day the size of the resistant coloniss is very amall,usually below
1mm @ ; many subkieidle codonies cas be seen at some magunification;spparently with a
nearly continuous transition . On some plates,however there Ame olesr out categoriea of
size of the resistant cclondies arising from the same culture,suggeating the origin of
these mutants in clones,by mere inspection of the plates. On the second day the original-
1y small colonie inoreased to normal sise and many more have appeared.3ome more
appear on the Jird day and probably more 'muli. on the fourth,wers not the plates too dry.
Yo appreciable inactivation Tﬁ. f:hn drug takes place in these conditions; ifstemd it im
observed (see dwba lated) that colonies developing on the second day are less resistant
than those developing on the first,and therefore have probably s longer lag or a slower
growth rate ih the given drug consemtration,in respset of the earlisr resistants.

There is thue a variation of size ,especially of the colonies near the visibility

limit - partly shown by the accompenying photograph of & pilate after 4B hours of imou-
bation - which makes the count diffiocult and adds extra varisnos to that dus solely
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to the effeocts of chance of dlstribution of +the matants.

Inppite of this extra variance,the test supmarised &t the beginning ie a wvolid
indiontiom of the presence of a large variability of the numbers of resistant mmtants
in parallel independent culturas (the "flucfuation test").

A further type of mmalysis is made possible by the faot that resistant coloniea
vary in degree of resistance. It has been shovm by earlier work that such differences
are inherited i and that they are often due to different mutations. Hemce,on the hypo-

thesis of mtation and palection,there should be found = difference”of the average de-
grea of resistance of u&rnniaa from independent cultures,as they are likely to have
arisen by differmet mutations determining a different degres of resistance. In other
words oolonies from the mﬁ% should resemble each other more closely than any two
golonies taken at random from indépefident ocultures.

This teat was omrried out by taking two colonies of those developed after 245 and
2 of those developed after -iﬂh only ;from each of the 20 plates 3 each was isolasted and
tosted foF degree of resistance by streaking on plates with lnoressing smounts of chlo-
romyoetin in agar, The degree of resistance in tabda Ij.‘.l.a.at columme is sgored as fol-
lows 1

Hegistance BoorTe & 0 1 2 3 4 7 B
Max.tolernted uUnu.qqnﬁu 25 25 j2 40 50 63 79

An smalyeis of variance (table II) shows thet the average degree of resistance
varies significantly between oultures,but not betwsen plates within cultures (the last
being a test of the technigue) both for 24h.4$;1“MﬂMna and the total.

This amounts to saying that there ia ﬁﬁalﬂ‘hign batwaan Hlati?ﬂlﬁhﬂ galtomian
tent of i.nll.urita.una}i.n. that there must have been,zccording to tﬁéuﬂ:t&mlmtinn

common ascendance ,which im the same as the theory of mutation and selesction.

I1 should not be forgottem that both the fluotumation test end that of the correls
tion betwean relatives, rest on the same assunption,i.e. that of the appearance of the
mtants in mwlolones; and are also open to ths same objection,which wesx advanced by
Hinshelwood and by Eriksen,dssely that inapprecisble differences in the enkircnmental
conditiona of the parallal cultures with which the experiment is conducted might wall
lead to the observed discrepancies in number and wuality of the resistants among cultus
res. m{;
The fact that the quality of resistance here investigated ie-—inet-ite degree,mxkmx
we oan Bay its quantity, mskes s further oriterion possible,by a combination of both the

finatustian test and that of the correlation between reletives. In faet if envirocnmental
conditione faver or ﬂiafwﬂ:-g:siatanm in independent culturess thers w-uld be reasocmn,
Tu -]
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on & hypothesis of physiologlcal mdaptation,kk=t for both the mumber of resistant

individuals and their avergge resistance to be sffected vroportionally by mmmk those
conditions, Hanoe a high positive correlation Between the mumber of resistant maitanta

and their ETWEEHEEEIE!&EEE is expected under the hypothesis of physinloglical adepte—
tion,xmg while a correlation of zero would be the consequence of mmtation and selec-

ticn.

Such eorrelation hers ia r = -~ 0O, far 24D values,ani approximately v =~ 9.03

(wsag logg of Moz of St
Tor 48" valuedc AL ugh a8 sample is not lerge,the comclusion 'Hl"unalc:apbla that

averything noints out to the theory of mmtation and eelection.



TABLE I
Nombers of resistant mutants afld dbgiee of resistance of x random samples of
them from ten independent cultures of EZ.coliF 30 plated on chloromycetin 25 ug/ L.

ﬂu:.;tm: Fumber of mutants | Hesistance acoresof mutants ! Lean resistance
0 at 24h at 48k Flate 4 Flate B h h i
L B 4 B 2m 4m 2w gm & 4 A B 70N
1 110 155 199 250 | 4,4 4 .4 44 4,4 4.0 4.0| 4.0 4.0 | 4.0
2 33 =22 159 53 I 38 0 4 4 2 0: 40 1.2 2.8 2.5 | 2.6
3 22 34 58 356 | 2 4 4 4 42 2 0 3.0 25| 3.5 2.0 | 2.7
i 'I4 6| s 8 B &6 4 2 b 4 4 & AT 35| 4.2 0 !4
5 B 61 93 97 | 4 4 4 4 4 4 ' 4 4 4.0 4.0] 4.0 4.0 4.0
6 19 14 148 190 4 4 2 2 2 3 3 2| 3.2 22| 3.0 2.5 2.7
7 245 150 m.o. 352 : e A | 33 '3 31 30 10} 3.0 3.0 3.0
8 3 9058 12 | 44 22 53 2 2| 40 20| 3.0 3.0 3.0
10 4 1B N%nwc. | 54 43 |55 ‘5 34T 22 40 45 42
' manna 3.9 2.9 (eignif.at~i{levell
TARLE TI

Analysis of variance

Jource of the variation 242 values }88vpiues Tatal
df Mean sguare F df Maan sguare F (df Geansguare F__

e 1.6111  3.2224] 9 3.3917 5.025449 3.3625 2,754+

Botween plates within oultur :
e {15' 0.7000 1.4000 10 1.4750 2.185 10 0.5875 Q1

Wthin plates 20 0.5000 20 0.6750 60 1.2208

Between oultures

¢ siguif, =t P =% level
++ slgnif.at P «1% level.






