University of Louisville
ThinkIR: The University of Louisville's Institutional Repository

Electronic Theses and Dissertations

1932

The effect of sodium chloride upon the fission rate within a single
clone of Paramecium caudatum and the heritability of that effect.

Mary C. Adolph
University of Louisville

Follow this and additional works at: https://ir.library.louisville.edu/etd

6‘ Part of the Biochemistry Commons, and the Cell Biology Commons

Recommended Citation

Adolph, Mary C., "The effect of sodium chloride upon the fission rate within a single clone of Paramecium
caudatum and the heritability of that effect." (1932). Electronic Theses and Dissertations. Paper 1684.
https://doi.org/10.18297/etd/1684

This Master's Thesis is brought to you for free and open access by ThinkIR: The University of Louisville's Institutional
Repository. It has been accepted for inclusion in Electronic Theses and Dissertations by an authorized administrator
of ThinkIR: The University of Louisville's Institutional Repository. This title appears here courtesy of the author, who
has retained all other copyrights. For more information, please contact thinkir@louisville.edu.


https://ir.library.louisville.edu/
https://ir.library.louisville.edu/etd
https://ir.library.louisville.edu/etd?utm_source=ir.library.louisville.edu%2Fetd%2F1684&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/2?utm_source=ir.library.louisville.edu%2Fetd%2F1684&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/10?utm_source=ir.library.louisville.edu%2Fetd%2F1684&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.18297/etd/1684
mailto:thinkir@louisville.edu

UNIVERSITY OF LOUISVILLE

THE EFFECT OP SODIWM CHlOKIDE UPUN THE PISSION
RATE VITHIN A SIHOLE CLONE OF PARAMECIUM CAU=
DALUE AND THE HEKITABILITY OF THAT EFFECT

A Dissertation
Submitted to the Pasulty
Of the Graduate Sehoel of the Umiversity ef louisville
In Partial Pulfillment of the |
Kkequirements for the Degree
Of Master of Seliense

Department of Biology

by

Mary C. Adolph

1938



G sy TR ETer
&

RN e S

My desp gratitude is due Dr. AWstin k. Middlee

ten, for his ersgious guidance snd gsonstructive

~eritieism of this work. Dr. Middleton has given
‘unstintingly of the results of his pumerous re-

ssarshes done within the elone of Para&qninn

saudatum, and this work 1s heredy dedieated to him.

RN G



i
B
3.
4,

CONTR IS

Introduetion ecvsecssscacncosanns

The 39”“1. Prodblen eeccanswcencan

Teohnique eesccvacsccssncssrsnns

Experiments 10 test the effest of
sodium chleride on the fission
rate within a single slone of

Parsmseium geudatem.

Bxps looThe tvomtyeLfive day test
period between the Qone
trel and Experimental
sets of Paremesium
w B T

Exp. 8.,«The teentysday test
paried detween the Control
and the Dupiisate exe
perimental) sets of

Earemeeium geudatum. --

o Je» The twenty«day test
kp period bvetmeen the
Experimeutal and
iMeate sxperinens
tal sets of Parame~
stum gaudatull;™SSeen--

sm U A B AL D S AP B O WD TSI

Bib uﬂmm s 0 G 5 GO D P D B A0

Emﬁg

81

37

70
(L



INTRODUCT ION



Inherited charasteristics have beeu found re-
markably gonstent in organisms multiplying without
admixture of two parents that differ in hereditary
aonstitution. Most of the recent work agrees that
in such unirarental reproduetion, isherited varia-
tions ocour rarely or not &t ali, and that selestion
has practically no effest in altering racisl chare
agteristics.

A ceriein number of obscrvetinns have been
rade which Lear on the inneritanee of the fission
rate and on the Question whether there are dif-
ferences among the progeny of & single individual
in respect Lo these. Maupas (16) mede extensive
stndies,bf the effeets of tempersturs and of other

conditions on fission ratea of rerameaium caudatum,

Ho was conviucei from the result of his studies,
that under given gonditions the fission rate is
uniform in all progeny of a given individual, and
that inherited variations in the rate do not oceur
in suoh a pure race or within a single clone. Un
this subjeot, his concliusiona sre in complete hare
mony with those of the ‘pure line'! workers. He

summariszes his results as folilows:

N



"In all my cultures I have always seen all the
norme . descendants of the same angesior, grow and
multiply with the most perfeet uniformity. I have
become eonvineed of the integrai transmission of
the faculty of development from one generation io
another, &nd the most complete physiological equive
slence mas3tl exist among all the wormai individuals
produced in the sugoessive gsnerations.

In long and numerous experimenis on fifteen to
tw&nty #poclies, I have never observed anything which
permits belief in the existence of morphological
and physiologleal differences, not merely botween
the two products of & given fission, but even among
all those whigh have descended frum sueh & {ission
by regulsr aud cobtinuous geuerstions.”

& paper of Jeunings (ii), likcwise dea.s L0 &
seriain extent with thie subject., He stitaa that
in & »ild population, many straius differing in rate
of fission (under the same c¢ouditions ) were founu to
ogour, ‘Futhermore, it was demousirateda thet even in
& population derived by fission from a single individual
in a pure strain, conjugation produged ipherited dif-

ferences in thc fission rate., After conjugation there



wéro present stireins showiug constent differences
in fission rate. COu the other hand, if uo ocone
jﬁgation hes ogeurred ameng the pogeny of a
single iundividusl, the fission rate was found to
be nearly uniform.

Calkine and Gregoiy (3) state that there are
in meny ewusecs differenees 1 the fiasion rate
amoug the four sets of progeuny resuliing from the
first two divisions of aen irndividual that hss just
sonjugaied.

When couditions are not aniform, the rate of
fission will not be unifors in elli the progeny of
& given individuasl. #hen the progeuy of & asingle
parameeium arc put into different culture medis,
under cousiaLt conditions, tln¢ fissicr rate of the

paramecis %11l differ accoording io the medium used.
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When & single parameciam divides, often one of
its two pregeny agein divides before the other does.
In suscessive gensrations this same thing may be ree
poated. Pigure 1 shows that among the progeny of a
eingle individual at & given moment, there may oscscur
animals that are the Mn of fomr and sthers that
are the products of two fisajoms. Henese thers are
differences of fission rete among the deseendants of
& 8ingle individual. Under these circumstanees, se-
lection for either fast or slow rate of fission ie
unavoidatle. Middleton (16) by his devise of 'bal-
anced seleation', (which will be explained in the
disouwsston of technigue) eliminated this selegtion.
This oprened the poasibility of more accurately teste
ing the effecte of euvironmental fastors upon the heredit-
ary fission rate. The firet of these studies
was that of liddleton in shish it was shown that
temperature differenges produse heritable differences
in the fission rate, le has shown also that organiec
and inorgande substances modify hereditarily the fise
sion rate.

This study considers the effact of sodium chloride

\ upon the fission rate within a single clone of Paramescium
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Figure 1 shows the sucoessive fisatons among the
progeny of two findividuals, th2t 2t s given momout
we may havae, among the progepy of these two narents,
individunls of the seeond ant the third gore ations
which sre indisticguishable, The numbers within
the outlines of the animals indisate the number of
fissions whioch bave interveped between ii{ and 1its

origiuki parent.
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caudatum, and the heritability of that effect.

The preaent paper 18 a atmtement of the re-
sults of a aeries of experinents desigued to throw
light upor th: queation of the josailility of
modifying living systems by environmontal fastors
80 that the modifiestions porsist in liter zonera-
tions in the absence of the faetor which brought
forth the modification. Csa the lndividual, by
subjeeting it to the sodium chloride oulture medium,
bocome a0 changed that the chauges ,orsist through

laster generetionst
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Un September £1, 1331, & singiv Feremecium

gaudatum sas isciasted. Un weptember &b, 1l¥si,
foriy iludividuais, all of the eighih generation,
wore vbiained.

The animals were cultivated on ground-glass
1ildes haviag cach teo eircular depressions aes&pable
of uolding fuvur or five drops of culiure medium.
Lhede slidesd wuere kept in moist chanbers. Pive
drops of culture aedium were used in eagh depression
and L covolwgluB®es dere employed.

Table 1 show: how the pasrameg¢ia were selected
daily in ordcr Lo oktain & glone all of the same
generatioan.

iwenty two-groove groundeglass slides were
ouployede Qug pukamegium was gutl inlo eash groove,
thus moxing fort; individuals. The follosing day,
a siuglc parameciun was selected from among the
progeny of each of these and put into each groove
f ihe tveriy :lcan 8iide8 eontalulag Ifreahly made
culture media.

O weptembor &b, L¥dl, ifndividusly all of the

elghth genoaralion e¢ere sesured.

13



Table 1

The daily selsstion of P A gaudatum for the
seswring of & e¢lone, Gn%: sing ‘.'E PArane~
sium waz isclated. wines i a.a.n,ag;e.n andXl

were established en Sept. £2.  On sept. £3
parassais were sclested frem liue D. fThrough iae
Belestion of paramesis fYom 1iue D, » elons o the
oighth ganeration was estadlishcd en sept, 44,1931,

Septs “yl&)ﬂ
how 4. & Lice ‘ hou & e
(514€ew 3.4 A 3e¢ (Sl1des 6ed O 6e8
1«10} Bed A 3ed 11e80) 7«8 D 7«8
do4 B 38 Tod D Ted
Ged C  Geod Toh B Ted
88 O p«. T8 ¥ 78
5@9‘02331333&
3114 S«4 P fed Ml 648 H o8
{81e30) 6«8 @ b5w8 Sled0) @8 H Gmd
, OeB 6 4e) ‘ 6ok H -
deo] 0 4a) 68 1 GeB
4n) H 68 ) oed [ 64
Rew 1. Line
1311488 3Bel D 38.)
{3=10) 38«1 D 323
A dkel D 38}
3] 5(;& SRe1 ol
d2e1 P 32e}

1

Sept. £¢,203),

Row 1. Line = kow «. iine
(8lides 128.1 D 1liBe}
1=10) 12841 0 128.1
ikB-1i D 180l

el D 128=)

18-1 D 188e)

#Fissio. rate of parsmeeina

38e]
S&e )
-]

3.1

(Slidea 1<Pel [ 181
1liedl) 1kGel D 1RS8<}
J28«1 D 128e]
ldBwl [ 128<)
128wl D 1i8.2
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Of the foriy individuals thus obtained, tweanty
were placed iu a 1/leg solutlon of Horliek's Melted
Milk evlture, This eulture medium 3sa wmeds by dig=
soiving onc-half gram of the malted milk pouder in
B0 e.0. of bolling distilled water. S5ixz and two-
thirds c.c. of thiz soluticon ware next dilnted to
W00 ¢.0. with builing Alstilied water, making a 1/16%
soiation. This solution waz eooled before using.
This sulture mediur was used for the sontrol and
dupileaio-axperimental lines. The remsining twenty
paremeeie were isolated similarly in & 1/16% Horliiek's
Ealied Bilk scluticm. But in tho propesration of this
medium, & 1/10% distilied water solution of shemicelly
pu;a 8bddvm chiloride war used ag the sclveanl of the
malted miik powdcr instocd Of pleiv Aisidlied water. 
This soduun chloride aolution was mado by dissv.ving
one Parike Davis sodum chloride teblst in four fluid
cunce# of distilled water. freniy-five e.c. of this
saline solutlion was diluted Lo 1bU e.c. wiith disiilled
water, making a 1/10% soluiion whioh was.uaed for the
experimentél lines. Lkash day a fresh 1/10% malted
milk sodium ehloride solution was mede.

The slides of ilhe eontrol and experimentsul linss
were so arrunged, that slide No. 1 of the expesrimental
set corresponded with slide No. 1 of the eontrol set,

and so on throughout ihe ten alides of the two sets,

15
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Pigure € illustrates the correapoudence ot

the slides of the two sets.
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Pigure 2 abo#s how the slides of the eontrol
andse;perimenttl gct mere arrauged so that sli&e
No. 1 of the.experimentnl set eorresponded with
alldéiho. 1 of the sontrol set, and 80 on throughout
the ten slides of the two sets,

1hera were twenty corresponding lines established
in the two sets.,

ragh slide contained twoe lines, sinse there
was one line in eash of the two grnovaa;

An individual of the seme line was put into
8lide M. 1 of the experimental set as into alide
No. 1 of the eoutrol set. Likewise with siides
£2-3-4 eto.



Likewise ‘he paremecis nf thr exrarimental and
leter of the duplicste oxprorimental scts were changed
daily tc fresh eulture slidesa of their own seid.

The duplicsates of Lho cxrvarimentel lines are
referred Lo throughout this study as Lhe duplicate-
experimential linss.

The coutrol and suprrimontel set ran for a
period of twonity-five dzys. 4t the exnd of tho fifth
day, the experimental s:t was duplicated. This set
we8 Lormed the duplioete sxperimental set. 1he
parcmecie rhich wers tranafeorred from tho scdiwn
ghloride culture medium of the experimental set,
were put ints the L/16% melied milk suliure medium.

Oua puransciuw from zroova No. 1 wag put into
corraspinding groove . 1 of the froeh slide. If
thore rore twe Lzdividnals fonnd in oo siuglo groove,
the slide was nueberad 2«l. This rscord meaning
thet thore wers two individuals r:zsuiting from one
fisalon. 12 thore wers four paromoclia of the same
8i3e in the groovs, ths alide was labelled 4«2,
meaning that there were four individuals resulting
from two fisslona. If there were ihree paramecias,

one large aud twe small individuels ia ths grooves,

it meant that there had been two fissions, the originpal

an



individval dividing cnec, maklng twe individuals,
nd then the dividing of only one of thesc two
paramecie, meiing the three Lpdividuels. If one
of the smaller individuals wes selected, the slide
wee meyked J-4 L., mesning that & slow solection
‘wae to bLe nede for thet line at the iiret onpore
tunpdity« On the oiber haud, hed the lorge ine
dlwidual been seleeied, lae slide would have been
merked S-2 e, desigueticag that thoe next seleetion
st e o fasil Dnee

Through this mesus *belanced selegtiion' was
_asaured throughout all lines ., "Balancoed =clesction'
4 the process of comgensating for the effect of
oyery selection that owue i compelled to meke by
neking the reverse ssloctlon at the nalt opportunitys
in other woirus, owue mekes the same number of plus
and mipua scleeticis in gy glvea line duriug eash
suoecssive time interval sdopied.

Phe most cbviews meilod without 'Tbalenced selection'
might have beer to selest all Lines, both experimental
and sontrel for fesi reie. bul, under sueh a proeedure;
if therc wss en olfect of the scdium chiloride slowing
the fission rate of ihe experimenial liues, there

WoL LU ke an opporiuniiy Lol pere irequent selections



in th? control linse, On the other hand, ashould
the wodiwa chloride increaso the fissica rato of

the exparimenlal iiues, Waou Los reverse would dbe
Lhe casg. Ia eliho) case, Lhis prugedure would
a0l roveal tho e offect of ths sediam ehloride

i the rissicu rate. The Jaramocia might have been
seolegtod at rundonm, rusulilng in an vuirue balange
st the ond of Lhe Leat pueriod.

I ordor tlest resulis mey be of value, gon-
Jitiens mmet s unifolm lhrvughoul. du adding to
the undia mity ol couditivis , Loliperaiurc and
bectedial goubent éhvnlu Wl vELY . 4 i8¢ in tempera-
bare lweraosses Lhe Yisgicu ratej; in wvery warm weather
fiseion rate i8 cuwsiderebly eceelerateds On ihe
cther hend, & drop ic temperature, decreases the
fis8i 4 rate,

If the bagleriar goutenl Lecomes oo greai, the
Fiseion rate dear ¢ndad o Upe-eo i led enimals or plants
Guelimes degtroy e jparamécia. Uniicrmiiy of
vagleriai gontent in the culture medisa was secured
Uy ®ashlng the puramedia, at ecrtaln intervals, in
freazh colture medlum before itreansferring them o a
asw 8lide, Lhe [eremscia ¥ere aillowed 1o remain

{usually tea minuces ) da che [resh medium in order

19



10 wash taemselves as free 28 [ossible of bagteoria.
They #ere tnou tramsfarred to new eulture mediz on
the definitive slides ‘the pipette used in trans-
ferriag ine individusls wes invariesbly steriliszed
in boiling distillied nater after cash tranafcr, thus
prevsnting ihe aulirteational introdustion of any
individual which might eling to the piretts. The
a8lides sore labelled 1o soft leoad pencil; the aumber
of individusls and fissions et sach sxamination were
like#isc recorded on ihem, to be later tranaforred
to permanent records,

The slides wcre ecxamined dally at approxtmately
the same time 30 Lhat there would not be a longer

period oue day and a shorter one on the following

aay »

20



EXPERIMENT I



BXP ki Xhibi-T X
A comparison of the fission rate of the control
LTt et piprimemal wet for
(Sept. £5e- Ogt. 19,1931)

On September £5, 1931, forty Paramesia caudatum,
all of the eighth gemeration, vere isolated on
ground gless slides, ome paramegium to eagh oone
oavity, thus dividing the forty perameeia Lmto two
groups of tweunty saah. One group was kepsy as the
oontrol set in a 1/18% Horliek's mslted milk oulture
medium, th#e other 1o be desigrated ea en experimei:tal
set, in a 1/10% #odtum ohloride eulture medlum. For
twenty«five days,; thes: twecty control ltnog ard
wenty experimecial lines were propagated with 'bale
aneed selestion'.

Jable 8 shows the sgtual) number of fisaions per
five«day period per line ir the contrel and experie
mental sets, FWhen the differences per line per

five«~day period ¢f the forty linee are averaged, it

shows that the eontrol lines prodused .36 fisaion more

ihan the aversge for the experimwental lines in the
firet fivesday period, .66 gensrations more in the
segond fivee«day period, %.60 generations more in
the third five-day period, 3,16 generations more in
the fourth five~day period, and 5.16 generations

4
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more ia ihe fifta Live-duy peried, ne averege
differeuce Lu Ilavor of the goatrol lines, per
five-day goriod duriag the Lessnty-five dey ese
SR ia S &0 figzians par 1%ins fhe tatraal
pbl -u‘b-.y, s Seuv LASSLORS - - odiy @ <3¢ Lgruaagd

total difforeace per tasnty Lioce por [ive-day

1

péeriod in faver of s couirol liges s2as 7 {issiouns
12 the firstl five-day period, 1o fissious in the
#3cond five-day period, 7S [fissions in the shird
five~dsy poriod, 62 flsalons 1ia ihe Jowtn five-day
pariod, aud 10D fisslouws ia she Lifih {ive-day period,
There was a tolal differzuce of 269 fissions for
tweuly~-fivo daya.
ihis table suous tunl tae diflersnge ilu fission
rave ia favor ol whe guuwrol sel gas auy g:e;t at
Las Legioilag of Wi €xp sloal, vil wo e sxperiment
progresscd, Wio lassi0U J@Lu woeloueéd, esnodlag a
large differeuce iu Weo fissiovou raie of iLhe Lwo sets,
Figure « 43 a polyguu snow.ng e average fission
ratsd 1o 'Ave-day poraivds of W1e 00uLr0l aud expsri-

mwautal seis . dbe largedl Liusion raud Jor Jhe eXe

parimenial Jot Jad 1L9.90 Joi Lhe seguud Jive-day period,

wiaile the largesi fiasioa raie Lo tae guuwrol aet
was 28.25 for the fifwn fave-day pesriod.

Figure 4 i8 a polygoa saowiag tie [lve-day dife

25
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Figure 4. Polygon showing the five-day dif-
ferences in fission between the control and
experimental lines of raramecium caudatum.

Excess favors control lines.
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fersrcens in fission rate betwesn the contrel and exe
perimente} sete for five-day reriode, ibe flesion
rete 1s in favor of the gontrol set. “The fiszion
difrersnce during the firat period was 7, the second
period 13, the third period 73, the fourth reriod 63,
and the fifth period 103, The resul' for Figure &
wed- glven on Table €.,

Table & showa Lhe averaze dally fission in the
control and experimental sets for a reriod of twentye
five days., 1The differsnge betwaean ihe avorapse in
the fiaslon rate of the two sela, 18 in {avor of the
gontrol set. Oun the third, fourth, «ud seventh days,
the fisaion rate of the exrpsrimeutul ast averaged more
than that of the eontrol. 17The respesiive differences
on theae three days sre 0.25, C,10, und 0.85 (issions
in favor of the experdmenial aet, Ou the remsining
twenty-tao days, the averaged daily fission rate of the
eontrol 2st 19 4in exceas of thet of Lhe exverimental set,

Pigure & shows glesrly the eurve of the daily
differenges between the everage number of fiasions proe-
duged by the gontrol and experimental sets, Pisure §
saupplemsnts Table &, The ourve desigpnating Lhe daily

diffoerangaes is fissliom rate in favor of thne gontrol
set, ingreased steadily upward as the perlod progressed,
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Average Differences In Fission
(in fractions of a generation)

| ! 1
S 10 15 20 26

Number of Days

Figure 5. - showing eurve of the daily dif-
ferences between the average number of fissions
produced by the control and experimental lines.

bkxcess is in favor of control lines,

30
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Tuble 4 shows the distribution of the netual
number of fissions por five«dsy rerfod for ths tuwenty
14nzs of the corntrol znd exprrimental sets, The
figainn rate for the twentr-five dsr reriod vranrad
frorm 4 to 6.8 for the cortrol sst, "h~ *atal fis«
9150 rate vas 104 .74, “he fissinr vnte £ the
nane psriod rengad from 1,8 to 4 for the exnsrimental
aet, with a tota. of £1,.68 fizstona, 1he tiiaion
range for the twenty 1lines iz the gsontrol sei was
2bove ths fission range of the exraerimental aet. The
Lwo sets overiapred st 4 fiasionma. ‘he largsest fise
8ion rate in the experimental sat was 4 figslons,
{two lines having 4 fissions). 1h? i3¥:s3t fission
rate in the control set waes 4 fissions, {orne line
heving 4 fissiona).

Figure 6 shuws the daily Mflerouess <u the fisaion
yate ¢¥ <“he 02utYdl ard exprrineniutl sot: ror the Lwantye

ive day tes¢ veriod. Or ouly thres Ze:a, the toirg,

fourth, ard seveuth 2ay w23 the figsior rate 2f the oxe
perimeatal set grawter thers thut of the gontral set,
On the tnird day, the ezpcrimuactal act he? 21 fissione,
wihlle Lhe controdi cet had ooly & fiz.io-2; on the faurth
day il cE.eralicisl el nad L0 flisiodrs, voile the evne

trol set ucd valy 18 fissiona; and on the seventh dey



Table 6

Distribution of lines, as regards sverage
apber of fissiowus in the eontrol end axperimernteal
lines dwriag the twenty~five day teetl reriod,
fThe fisaions are sveraged for five~day periods,
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the experimnental set had 1YV fissioni, while the
eorirel dut hag orly 1€ fis<tons, ‘‘hare was a
differecee iv fission rets coztwee:. these txd 528

ot by, Z, wu2 b [issiond respectively in fovor of the
sxperinantal set, On the remaining tyeniy-two days,
tae fiasica rule lun ths control set was greatly in
810033 of het of the experimantal set, For the
farst wen days of the test, the Jifferwnce in fission
rate o ths two seta wes not 8v noiijcsable as it

Wud for the nexti tifteen days. ‘'here was as steady
R inerease iu the fission rate of the control set

a8 thers was & decresse in the fission rate of the
exparimsulal set. 'ihe figure shows a great divergence
in the lines waioh repreaent the daily fission rate
ot the iwo ceta. Ua the iwenty-fifth day, the fis-
-#lon rete was 53 flaaionm for the eontyrol set srd 14
fissious for the excerimenial setd,

Figure 7 shows the variation in average five-day
fissions of the gontrol and experimental lines during
the twenty-five day test period. 1This figure
Suopiviuenis Sebla 4, in whieh 18 givern i1he number of
liues wnd their fiveeday fission averages. ‘This

filgure piainly demonstirated the meeting of the lines
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Figure 7. Curve showing the average fission rate
for five-dey periods in the control and experimental

lines during the twenty-five day test period.



of tho ¢rptrol sud experirenrtal sete, be 50 lineos
nest at ¢ fizsiorns. L1l flssiore ip the experinmertal
set are bolow the & fissions neriz, while 1l Tlasiom

ihe ountrol set ey ghove the 4 fMoalsaxpd royl,

jo

LESUIN S

Throughout the ‘wenty-five day roriod, ko fise
slon rate of thoe coatrol aset was ao mieh xouatoy than
that of the exporimentsl asi, that sovsral lmportant
f20t3 preeent thempelvad upon atudying the Tirures
pertsiolog to the o sets, Firzte-hat {he socum
¢hloride hsd a defialte effect ~n ilhe i#dugiion of
fisgion rate emong the e -j<rimenisi lliis, tlruvughout
the period., Seconde-thai the rsduced filision rate
persisted tirougnott the perivd i the expsviusntal

§9%,
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Ay L lkbil Il

A eomparisou of the Lfission vetle of Lhe coalrod 2
with that of the Duplieate c¢xpcrimental sei for &
iscnty~dey iest period.

st

O Scprember 30, 1981, five deys aiiel (he Lé-
ginning of the experiment between the contrasl and exe
perimentel sets were started, the ezperinectsi lines
were durlicated, 4 8iungle paramesium from eash of
the twentiy lines in the experimental set was isolatead
in ca¢h of twenty eorrespondingly uumbered grounde
gless slicdos., This new sct was icrmed the duplicate
¢xperimentsl set. Ghe parsmecia in thie set vere
trensforred daily to fresh alidss goniziniag the 1/16%
malted milk gulture medium, ‘The payanceia is the ex-
nerimental set were transferroed datlly to frash glidaes
containing the sodium ¢ghloride culture}medium. The
three aets wore Lo progress at ths sam:z tire for a
period of lweawy days, ALl gounditivoas ag Lemperature,
light, basterial content, end clesnlincas, sore uniforne
ly mairtained for the thirrae setyg.,

Pigure 5 (sce pege26 ) 18 & polygo. of the fissions
averaged Lor escn of the four five-duy periods, In
the contenl set, there was & dally avaraze o8 7,75 fis-

sinns durire the first five-dayv ;eriod, a ¢ a daily
Y - P ] »

o8



averege of 17,00 figsions Ln the duplieste sxperimental
set, leaving 2 delly difference of .26 fiszion during
tha first five-2ay parlod in fayor of thc gontrol get.
During tha sennnd five-3ay perisd, there waa an average
daily tiseion rate of £4.80 fisslona ir the control
set, and 18.50 fissiens 4n the Auplierte exarimental
sot, leaving & differcuce of € Cisaions, During the
third five-day period, thore was an ayerage Qally fioe
sion rate of 28.25 f1a:1008 in th2 coi rol #et, and
21,50 finsiors in the duplieats sxperimental set, leave
ing n dsily differenge of 2 fisicna, The fourth fivee
dsy period shows an average €ally fisslon rats of
€8.86 fissious in ihe cuntrol seil, «ud 10.00 [iesions
in the duplicate experimental sei, louving & daily
differgnee of 10.8E flssioua, Theprs was a murked
aifference in fiesion reale between the gontrol and
sxperinenial sete duriag each of the fcur fya-day
periods , The rate of fission in the coiirel aet
inoreased uss the period lengihened,

Figure 8 1s 2 polygon ahoving the flve-dey fise
sion differences betweer the control and dupligate
experimeontal lines., A1l fission differenses for the
four five-day périods favor ihe sontrol sei . During

39



Nunber of Fission Differences
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Figure 8. Polygon showing the five-

day fission differences between the con-
trol and duplicate experimental lines.

Excess favors control lines.
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the Liral porisd, there was 2 Adifferc.uve bulkesn vl
tao aets of 1 fission,. Iz tho seerisl perdiuvd, ihere
el a difference of LLiriy-cvae fissions. in ke third
corlod, thers wae @ difforousc of ¢ fisuilows, QDwing
the fourth fivo-day pericd, thore wos & differeuce of
5 rissions, “here waa a total diflerciwe iu favor

vl the gonlrol sel fur tue enitiro tweuly duys of 98
fispions, The fission differsuge ia javor oi ihe

coatrol vel wes greetect during the last five-day
period.  The filsalon raic of the parwmecia ol the
Guprilecatc experimeutal #ei, rcivased Lol «oliul
chloride medlwn, elfier five :ays tended L0 auclrease
somerhel upou the nwroduciicn of Whe we.lad wilk
culture redius,

Flgure v shows twhe dalily cirforeuges sctwesn the
avereage nuameer of fisslous procuced Ly ihe coutrel
and duplicate exporimental sets for a poiiod of tﬁentx
days, The fiasiou differsuces for the twoaly days
ere as fo.llowss firet Any, L1D0 fisaicia in f.vor of
the ovutrui sei; veevrd day, .08 fission iu iavor of
the dupiicete experimental zetj third day, & fission
in fayor of tke control set; fourth dey, .0 fissiom
in fevey of the dupllesaie experineutal set; L.fth day,

+16 flesion iu favor of thoe coatlrol Het; sixth dey,
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Avepage Differences in Fission Rate

(in fractions of a generation)
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Figure 9. Showing the curve of daily -

differences between the average number
of the fissions produced by the con-
trol and experimental lines.

‘Excess in fission rate is in favor
of the control lines.
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+85 fission in favor of the eonrtrol set; seventh day,
+1 fission in favor of the eontrol set; eighth day,
+2 fisaion in favor of the gontrol set; ninth day,
«25 fiszion in favor of the gontirol set; tenih day,
+36 fissi0n 4in favor of the gontrol sat; eleventh
day, tiicion rate was equal; twelfth day, .45 fis-
silon in favor of the sontrel set; thirteenth day,
«36 fission in favor of the control set; fourteenth
day, 556 fission in favor of the duplicate experi-
mentel set; fifteenth day, .2 fission in favor of the
ocontrol set; sixteenth day, .6 fission in fevor of
~the sontrol set} seventeenth day, «3 fission in favor
of the eontrol set; eighteenth day, .1b fission in
favor of the control set; nineteenth day, .9 fission
in favor of the eontrel set} and twentieth day, .65
rission in favor of the g¢ontrol set. On oaly the
seoond, fourth, and fourteenth days 4id the average
daily tiiuion rate of the dupliicate cxperimentsl cet
exseed that of the gontrol set,

7able Q (see page 44) gives the diatribution of
the twenty lines as regards astual number of fissious
in the control and duplieate experimental sets for the
twenty-day test poriod. 11he fissions were takon

per five day periods. The range for the twenty liues
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Tatle &

Distrivution of lines, as regards average
nuaber of fissiona in the contro) and duplisate
exporinental lines during the iwenty-dsy teat

period.
the fissions are averaged for five-day periods.

Kp.iissions 4 4.6 4.50 €75 6 6.85 5.80
Coutrol

{Wo.lines ) 1 2 8 2
Duplicate ex-

perimental

(Ho.linea) < 4 2 3 6 1 1
A0 JFi8sions 5.76_6 6,85 6.50 6.75 7 7.85
Gontrol

(”olln.l) 1 B 3 2 -
Duplicate ex-

serinecuial

{80 1ines ) 1

Mo JFlessivns o 1 Tatal
coutrod 0134

(Ho vilues ) i 1 118 .00

Dupilgate exe
perimental
(toelines) 94 .76
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in the control set was from ¢ to 7.75 fissioms, with
& total of 118,00 fissions for the twenty deys., One
line had 4 fissions, two lincs hed 4.76 fisaions,

two lincs had 5.00 fissions, two lincs hed .50 fis-
sions, ouc line head 6.86 fissions, two lines had
6.60 fissions, one line had 6,76 fisslons, one line
had 7 fissious, one lire bhad 7,50 fisaious, and one
line had 7.75 fissions.

The ?ange for the twenty liines i: the duglieate
experimental set was from 4 to 6.75 fissions, tso
fissions less than thaet of the range for the sonwrol
sot. Iwo lines in the duplicate experimentasl set
hed 4 fissions, four lines had 4,25 fissious, two
lines had 4,50 fisstoms, three lines hed 4,75 fiscions,
81X lines had & fissions, one line had 5,25 fisuious,
one line h«d 8,50 fisaions, and one line had 5,73
flss jfora, making a total of 94,75 figsions in the
twenty 1lines for the twenty days. The grestest
number of fissions in the gonivol set fell &t 6 tis-
sions, whils ths greatest pumber of fissions in the
dupliocate sxperimental set fell at § fissions, <The
mean for the fisaicn rate in the oontrol set fall at
6 fissions, while tho mean for thc- fission rate in

the duplicste exporimental set fell ot 4,75 fiusions,



the differense between iLhe Lwo eaw belug L&D £issions.
Figure 6 (aee page 33) shows the daily diiferences
in the fission rate of" tﬁh eontrol and the duplicate
experimental sets, ‘he daily differecces in fizvion
rate between the two se.s cre s foliowsy ftirst day,
7 fissions favoring the eontrel set; scoond day, 1 fise
sion favoring the duplieate experimenisl seij third day,
¢ fisaions favoring the eontrol set; fourth dsy, 10
fissions tavortng the duplieate experimentsl set; fifth
day, O fissions favoriug the coutrel setj sixth day,
17 fissions favoring the gontroi set; sevenih dey, &
fiboisno favoring the eontrol asetj eighth day, 4 fis-
sions favoring the eontrol sed; niuth day, b fisuions
favoring the gontroi set; tenth day, 3 fissions fave
oring the eontrei set; eleveuth day, fiesions were
equaly twelfth day, 9 fissions ravaring‘ths gontrol set
thirteenth day, 7 fiesions favuring the cunirol set;
fourteenth day, ll fissioms favoriug tae duplicaie oxe
perimental set; fifteenth day, 4 fissione favoring the
gontrol set; sixteenth day, 1l& fissious favoring ithe
control set} seventeenth day, 6 fisalous favoring tae
eontrol set; eighteenth day, J fissious favoring the
gcortrol set; nincteenth day, 15 fi.sious favoriug
the guutrol set; and twentleth day, 10 fleglons favoring

the control set.  ‘ihe total diffcrenge of issiona 1in

46 -
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fevor of the gontrol set for the test period was

146 fisseions, while in the duplicate experimentsl
set the toial Aifferenee was &< fissicns, This made
& fission differenee for the entire poriod of I3
fissions in favor of the aonut>»ol s0t,

Pigure 10 shows the variation im avereg: B day
fissions of the gontrol sad dupligste oxperimental
seta., 1This figure supplements Tsble § (see page 44),
The line whioh represents tiec average five-ieay filsslona
in the duplieate experimentai aci shows the twenty lines
within the fission range of 4 to &,76 fissione, while
the line whieh represents the aversage five-day fis-
sions in the eontrol sei shows ithe tweuty lines having
the greater fission renge of 4 Lo 7.75 fizsions,

Table 7 shows the nusber of flusious per flvew-day
period per line in the oontrol end duplieate ex.cri-
nen thl sets.,

During the first fiveeday perlod, the twaorty
lines of the sontrol set averuged .06 fissions more
than the twenty lines of the oontrol set. Durippy
the sngond five-dey period, the trenty lincs of the
control set aversged 1,66 fissions mor2a than 4id the

duplicate experimentel set. Iu tno whird five-day
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—Curve of control lines.
eee--.Curve of duplicate exp. lines,
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5 6 7 o d

Average Five-Day Fissions

Figure 1l0. Curve showing the
average fission rate for five-day
periods in the duplicate experimental
and control lines during the twenty-
day test period. '
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Table 7

Agtual gumber of fisslona per tivewday pevidod par line of the
'balasnoed seleoction’ Lu Lhe Couirv. 8ad nxrerimsiial{LJpliicate;
1iuos. of Parsmsatum Caudatus, LHE SALLCUAGEC 13, AUEDG. s. Lide
aioiis ia TET0P Oi wie wohWr04 'Lipes ere aluo. giveis

(ko wvoluge RBIfferetial L4 faver Sf the'dogirgl Iiaehpcr fivew
day iiriod duripng the tweatyeday tost pvéiaﬁg'zd_l.;s Fibe Lous
oer nGe v . : g g :

¥ i

L1305¢vu§ge£ & & B4 BB 80T 8 36
Firs! Beday perivd: :

Control Q 4 198 4 7 E < i 5 i 4

Dup, Experimental 4 5 & 4 & B 4 3 ) % 6

DAffarance Vb oF . ahiwd sk 8] o Yried . 3 1B
seeond H-day parilod:

Control & ¢ - % 78 .5 % ? 2 ) 7

Dup., Bxporimental S O & 3 & . 8§ ¢. 6" @ o B

N ffarenca ' 3 1 I "8 =B 0" 3 o =4 [+ &
ihird bHeday perlod: .

Control . T 89 . 8§ Fiw WP 8 5 &

Dup. Bxpordmental 4 &6 & €6 B & & & & o 6

Siffersags R 3 0 ‘=) 3 'R s B -~ =l
Fourth H-day period: ’

Conlrol 8 2 8 g 6 & & 9 3 / 5]

Dup, Experimental 6 5 4 S5 6 4 & 6 ¢ &

Niffarenne 20T DS PY O EREN TR RATS BRNY THERE TR 3 0
DiAfferensgs Jor as

- wasle R0 Jays. $ 3 3 4 4 ¢ XX 8 ) )3 4
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Table 7.

In this table, the npmbors dy the 'difrérsuces ' icolwmis indlie
6aLc Luzi the doutrsl Jdipe Lnd productd 80 iy Jwre icsdpas than
the corresponaing Dupiisste Bxporiacnigl, lima; ‘thus, dukding ths
firat five~dey porlod, Cenirel Jine low o7 zroduced four @wore
fierione then Duplicaie Experistatal line Noe 7. When thé. nuaber
ir the differeance colunm in nRegative, “he fupileate Ezxperimeutal
lige hew prodaged ocse IL831008 then Lhe gorresponding Gouatrei
ltae Syrln: the Tiveeday perica; thw, doring the Mirst Tive-dey
perfod, Pupii:ste Experimental lins No. 1 produssd Four more
fiselony tann ¢orresponaing Coutrol iins No. 1.

: %9 o ' % Differeice Is
12 13 4 15 g 37 18 1D 20 Yotal Aversge oi Total in all

¢ 6 4 '8 B "B 8 60 4145

¢ & 6 B, 4 86 . 0 8 28 4440 7 ‘

9 8 AL WLy e Yg s i L8 i
® o 8. 78 . B. 90 5 I 6.20

Y AR B s 7 3 4oBG.

£ 3L & S.e 4iBE. 8 8N 1.86 wld

d 7 o le ipaeis.® v.%e 5.86

6 @& 6.6 £ & & 108 £.40
- 2 00 3 0 . 8. .0 A5 04
1 B B & € 10 810 7 4 7410

|

& 4 B &MER 84 e 9 4,60 °
FPIREE TR G OSSR A TR 2.60 22

3 @ € Y B M 6 3 12 98 4t
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period, there was é differenge of © fissioccs in favor
of the soctrol set, making an average of 456 tizsions
for the third pqéiod in favor of the sontreol set,
During the fourih five-dey period, ths coutrol set
producecd B2 fiassions more thon did the duplieate
experimental set, so thet the ¢onirol set averaged
8,60 fiaizt;u more than did the dujiieate exparimautal
set,

lhe differeunee in fissiou rate iu favor of ihe
sontrol set for the tweanly days was 93 fisaicus. The
average differsnee in fissiun rate in faver of the

control set for the twenty dsys was 4,60 {issiorms,

HESULLG

‘hroughout the perivd, the liues in the conirovl
set have persistently shown & greuter {ission reie
thar the lines ir the duplicate experimecisl sct,
#hen the paramecis were slarted iu ihe control 2ot
in the melted milk ctltuwre medium, they tended to
stesdily ineresase thoir fission rete ¢# the p.riod
progressed, ‘he fission rete of the ecr vl getl
was at @ mmch higher mark all ibrougbout the prriod

than ¥as the fiassion rate uvf (e duplicate v, crvinental
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set. fhen the purameeia wérce dupiicated frow the
sxperimental sel and cultlvated Lin the malted wmilk
eulture medium, a pronouneed effeet iv o low fi.1iom
rete 18 showrn, && & resultl of the purawuzcia havi g
beon five days in the svdium ~hloride culiure rwedium,
The five deys in the scdium diloride culture mediuvin
had so affeqgted the fissiom raie of the purameeis
that throughout the next twenty 4dsys in the mslted
milk culture mecium, these p.ramccia were nvver sbie
to reproduge a8 were thosse which Led been in “he
malted milk culture medium thioughout the #Lole &xe
periment, Thus the heritsdle affest of the de~
cressed fission rsis esused by the oddium ghloride
was demonstirated throughouti the twyenty-day test

periocd.,
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sXFirIRNENY 11X
A comparison of the Fiasiocn kate of the Durlicate
Experimentel Set with 1hst of the Expeorimentel set
for a Gwenty-Day Teat Period,
(3ept« 80=-=0ct. 19, 1951)

In this experiment, the fission rate of the
duplicate experimental set aud of the experimental
set continued for a pcriod of twenty days. The
peramegia in the experimental set had been ruunning
for a period of five days before tne time of this
teat period. Likewise, the paramecia in the
duplicate experimental set had been hold ia iLhe sodium
chloride culture medium five days previous to their
transferance into the malted milk culiure medium.
The effect of maintaining the pearamecia in the sodium
chloride eulturc medium before releasing them into
the malted milk culture medium, will be gonsidered
in this experiment, Also, the effect of the sodium
chloride on the fission rate of the expsrimental set
and the heritability of that effect will herein be
considered., Thus, paremecis ell of the same clone
in sodium chloride gulture medium,owill be tested -
for the effect of the sultwre medium on the fimeion

reate,



Pigure 1l shows the f{lvoedey [lesionu differenges
betweon the duplicate experimental sud experimsntal
sete for the four five-day pariodé. Iu the first
period, there was & Jdiffereree of 1€ [(igsious; in
the sec¢ond pariod, thére vas & differcnee of 42 (issions}
in the tkhird poriod iLheore #es & Jiffercnge o 54 [ise
gions; and in the fowth paiod, lhere wat 2 di_ference
of 51 fissions. All fisslons differenges were in
favor of the duplicate experimeuial sct, lhere was
2 tota)l excess of 1lp9 fisslocne Ln tane duplicais oxe
perimental set. During the firei periond, traere
wes not such = merked inaréase 1o the fisslon rate
of the dupliicate experimeutal sel upon its relsase
from the sodium chloride sulture medium, but daring
the next thiree periods there was & greel increase
in fission rate, The fisslion rate in the ¢aporimental
get tended to sleadily dagrease as tho poerliods pro-
gressed, resulting in & &lower (lssion reie.

{able 8 gives the dlsiributiom of the tweniy lines,
ag to astual number of fissiows per five-day poricids,

during the twenty-day tesi periol betasen Lhe dupli-
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Figure ll. Polygon showing the
five-day fission differences between
the duplicate experimental and ex-
perimental sets.

kxcess favors duplicate experimental
set.
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cate experimental 86t and the eiperimental s&t. in
thée duplicete experimentai sot, there were t#o iines
having ¢ fisaslons, four lines heving 4.30 fissicua,
two lines having 4.560 fissions, three liues Laviug
4.756 fissions, 8ix lines haviug & fissions, oue

iine having 5.506 fiseious, one liue haviug C.60 figw
3ious, and one line having .70 Iissious per [ivee
day pericd, making a total of 94.76 fissions.,

' In the experimental sev, there were Lwo Llines
having 1,76 fiseiows, rive lines haviag £.80 flssioms,
four lines huving 2,60 fiseicns, ko iiaee having
€.,76 fissions, two linee heving & {issions, cue line
having 35.26 flesions, three lines haviag 3,00 fis-
slon8, and one line having 3.75 fissiows, weking &
total of £3,7¢ fissious,

Figure O (see page 26 ) is a polygon showing the
sverage number of fission: (averaged for [ive-dej
periods ) for the duplicatc experimeantel wud expériv
mental sete, During ths first five-dey pericd, the
duplicate experimental set averaged 17.60 fisslons,
while the experimental set averaged 15,60 [issiouws,
lsaving & difference of £ fissions ia {avor of ihe

duplioate experimental 3ets ihe duplicete experi-
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mental set averagad L,30 {lesicns during the segond
period, while the experimcumtal sa8t avuraged L0.:0
fissions, shoring &n exeess of B fiasjong for ths
duplicate exporimopial set. Lo the third ported,
the duplicote experimental sel aviraged RL.50C fise
8lon® ard the experimental ael svaragod 11,96 fig.
sione, making a differenge of 2,70 fissions in fuover
ef the aplieste experimental set. The duplicete
sxpesrimental set !ufing the fourt: mried sveraged
18 fisaions, while the exyerim-utal sel averaged
7.76 fiseions, leaving & difference irn fovor of the
duplicate experimental sei of 10.2F fissicnz, The
exeess in fissioas roteé aversged for five-day puriods
wes 30 fissions,

Pigure 6 (ace puage 33 ) ahows the dily aif~
ferences in fission rate in the duplicate exporimcntal
and experimental sete. The duplicetc experimental
set shell be celled aset 1, aud the expsrimental sat
shall be called set 2. Qi the fimt day, sct 1
kad 12 fissions, set £ had 11l fissions; cn the sec nd
dsy, set 1 bad 15 fiesione, set 8 hod 17 fissioas:
on the thireé day, aet 1 bad 18 fissions, set & hzd 19

fissiomw ) or the fourth day, sot 1 had 25 fi::ions
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get 2 hed 12 fisgions; cn the €ifth day, g2t 1 had
€0 fiz:iona, set € hed 17 fisefons: orn the sixth
day, set 1 had 13 fiesions, 26t 2 had 2) fisalona;
on the seventh day, set 1 hed 22 fiscionn, ot T hsad
12 fissiona; on the eighth day, aet 1 had 22 feolors,
set 2 bad 8 fissions; on the pinth dey, set ) hed
18 fissjons, set € hed 10 fissiens; orn the tenth 2y,
set 1 bad 13 fissions, set 2 had no fisaione; on
the eleventh day, set 1 had 16 fiseiorne, set 2 had
. fisaion; on the twelfth dey, set 1 had 17 fin-lons,
set 2 had 12 fissions; on the thirtespnth dey, sel 1
hed 27 fissions, set 2 had Z8 fissiona; on the foura
teenth day, set )l had 29 fissiono, set 2 hed 1 f's3lon;
on the fifteenth day, &#et 1 hed 20 fissiors, sct P
had 18 fissione; on the sixteenth dey, set 1 hed 16
fissions, set & had 7 fissions: on the smaventeenih
dey, set 1L had 17 fissions, set £ had 7 fiagions: on
the eighteenth day, set 1 had 18 fissiona, sect 2 hud
4 fissions; on the nineteenth day, set 1 hed 19 fig.
sions, 8et 2 hed 7 fiesions; or the twentiesth sy,
set 1 had 20 fissions, set & had 14 fissionn.

On the segoud, third, end sixth dav, the fiassion
rete of set < exceeded that of set L vy <, 1, nnd 3
fissions respecgtively., Yu the remaining seventeen
days, the fission rete cof set 1 exceeded thst of set

2.
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Pigure 12 is a ocurve of the daily differcnces
between the average number of fissious prodused by the
dupliecatc experimental e:d experimental sets. The
sverage differences in frastions of & generstion,
in favor of the duplieate experimental set, are shown,
On the first day there »aa: a differsnee betwesn the
aversge number of fissious of .06 fissicons in favor
of the duplieste sxperiments) set, .8 flsstons difference
on the sasond day 1in favor of ihe experime:tal set,

05 fissions differcres 0o trd third day in favor of
the experimental aset, .60 fisatona Aifferenss on the
fourth day 4n favor of tbe daplicate experiments1l set,
+1B Lisaics &iffere-as o the Lifih lay i faver of

the Auplieate xporivental set, ard .16 fisslome
differsmes On the aixth dey 1iu favor of the experimental
ast, For the remainder of the twentyeday period,

the difference in fiseion rats Lelween the aversage
number of fissions of the two sets 1ia in fevor of the
dupliieate experimental set, There Aifferanges are

a8 follovs: seventh u&, 5 fiasioms; eighil day,

«7 fiasion; ninth day, .4 fiasiong tenth day, +65 fise
siong thirteonth day, 8256 fission} fowrteeuth day, 1.é¢
fisciong fifteenth day, 1. fivsiom} sixteenth day, 46
fission) seventeenth day, .6 fisalonj eighteenth day,
o7 fission; nineteepih day, .6 fissiong and twentieth
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Average Differences in Fission Rate
(in fractions of a generation)

Number of Days

Figure 1l2. Showing the curve of the
daily differences between the average
number of fissions produced by the

duplicate experimental and experimental
lines,

kxcess in fission rate is in favor
of the duplicate experimental lines.
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day, 5 fission.

Figure 13 18 the curve of variation in average
fivew~day fissionms of the twenty duplicate experimental
and the twenty expsrimental lines during the twenty~
day test perioead.

The ourve of variation in averuge fiveeday fise
sions for the duplieate experimental lines ranges from
4 Lo b.7 fimsione. ‘here were two lines having 4
fisaions, four liues having <.25 fissions, two lines have
ing 4.6 fissions, three lines having 4,76 fissions,
8ix lines having & fissions, one line having 5.25
fissions, one line having 6.6 fissions, ome line hav-
ing 6.76 fimsione,

The curve of wvariation in average five~day fissions
for the experimental lines ranges from 1,76 to 3,76
fisajions,. There were two lines having 1.78
fissions, five lines having 2.B5 fissions, four lines
having 2,560 fissions, two lines having 2,75 fissions,
two lines having 3 fissions, one line having 3.26
fissions, three lines having 3.50 fissions, and one line
having .76 rissions. |

The fission range for the dupiieate experimental
set was mugh lower than that for the experimental set.
In the duplicats expsrimsuta) set, thers were six

iines having in the average five~day rate, 6 fissions,
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Figure 13. oShowing the curve of variation
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experimental and experimental lines during the
twenty-day test period.
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In the experimeniul sei, ihere were five lines with
2,25 fivcicie in the everago Cive~day I'ieslon rate.

Table 6 (anee page 67) gives the actual number
of fissions per five=dey period per line in the duplie
cate expoerimenial and oxperimentul se’8. The differences
in number of fissicrs ip favor of ihe duplieate
sxperimantal lines are also given.

During the firet five~day jeriod, there was a
total for the twenty lines iua the duplieate experi-
mental set of BB fissiona, :d & totel for the
tventy Limes in the oxporimental set of 76 favaions,
ieaving & differcuge of 12 fisszione in fevor of the
duplioste expariucntal) set. Duriug the firet fivee
day peried, the twenty lines ip tbs duplicate ex-
perimental) sat averaged 4.4¢C fissfoms, while the
twenty linss in the erxperiwertal setl averaged 3.80
fisalouns, ioqving a difference of .60 fission in favor
of the duplieate sxperimeniasl) sot,

During th2 saeond five~aay period, there was a
total for the treuty iines in the duplieate expertméntal
eet of 93 flesions, and & totel for the twanty
lines in tne sxperisental set of 0§l fissionk, leaving
& differenee of 42 fissfons. During this second
period, the twenty linas io the duplicate axpafimental
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Table 6

Pistrivution of lines,as regam average
mmier of fissions in 1he duplicoste exmerte
meuteldl and experimental lines during the
ticnty-day test period,
The fissions are averaged for five-day periods,

&_.JI’ 8108 2275 8.8 8.0 2,78 3
.Lcate: exXper-imen

.1-9 L un“

Exporinmsital
{(ioelines) 2 & 4 8 =

BExperizental
(velines) 1 3 i

(ue‘unu)

676 Toteld
) § 94,75

Exporimental '
(¥ .1in08) 83475



set ﬁveragud ¢.66 fiesions, while the tweuty lines

in the sxperimental ssi averaged 2,56 fissions, leave
ing a difference of 8,10 fissious in favor of the
duplicatie experimentgl zot.

During the third fiveedey pericd, thers was a
total for the twenty lines 4in the duplisate experis
mental set of 108 fissicns, and & total for the
twenty lines in the experimential set 0f b4 fissiouns,
leaving a differense of b4 fissions, Duriug this
period, the duplieate expurimeutal sut averaged 5.40
fisstons, while the sxperimental set averaged 2,70
fissions, leaviag a Lifference g: 2,70 fissious in
favor of the duplicate sxperimenial set,

During the fourih five~day period, there was a
total for the twenty lines in the duplicats experis
mental set of 90 fissious, and a total for the twenty
lines 10 Lhe experimeutal sei of 3P fisaione, leay-
ing a differenes of Ol fissions. The duplioaie
czperiﬁentul get averageé 4.6C fiseslons, while the
experimenial set aversged 1.08 figsions, leaviig @
difference of 28,56 fissiona in favor of the duplicate
experimental set.

For the four five~day periods, there was & total
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difference of 1€7 fissions in faver of the duplioate ox~
perinertal sst and &n average differenge of 8,36
fissions, 180 in favor of the duplieate experimental
s6%.

The average differeuse in fission raie in faver
of the duplicate experimeuntal set, per five-day
reriod during the tweniy-day test period, was 1.99.
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In Faremecium eaudatuir, by 'balansed selection'

throurh many generations resulting from a sinzle in-
dividual, it wes possgible through the use of thae two
different culiture media, to produce two sets differ-
ing hereditarily in rate of fission. During this
"balenced salection®, there was a gredual ineresse

in average heritavle results in the control set of

Faramesia csudaituim, The sodinm chloride had a
gertaiu definice effect on meaintsining at a lowerad
reie, the fisslica swoug the paramegia of rLhe .xperi-
mental sei.

This heroditary irait of a degrecasecd fission
rate due Lo the eavironmental faetor of the sodium
chioride peraisted tiroughoutl the period, and even
persisted wnen the enviroumeuial factor was removed,
and the cvatrol culture medium substituted.

yhe hereditary differences of the 'malted milk'
aund 'sodium chloride' sctis continued throughout the
eatire period of 'palaneed selection'i the hereditary
differencea of the 'sodium chloride' set did not

alsapoeer wien taese paramcela dere changed 1o a
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malted milk culture medium.

Thus in Faramegis caudatum, from a singl:s clone

of given geunotype, it is possibles to obtain through

2 long peried of 'balenged selestion' durins reproduc-
tion by fission, two secia of diverse genotyro, d4if-
fering eharsctoristiecaily from sagh other in rete of
fission, vuder dissimilar culture media, and retain-

ing these differevces from generation to generation.
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