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Introduction
iutations are .enerally considered to b2 auny inherit-

ed modifications vwuether liuri.e or smzlle. roramerly the term

wus used to desiy.nate a striking variation from the ordinary,

like Qenothera gigas, the elant eveuing primrose wnich is
atouter thun uvenothera luanrc<iana, the parent t,pe. FrFreju-
ent mutations which were resuily diztinguished from the
ancestral type, huve apposred. De Vries (1) had fifty
thousand pla2nts in saven generations which desceuded from
the mutnting form, Cenothera lamsrc:iana, 2nd about eight
hundred of these were mutations. 7These ware of seven
different tyces such s Q.nannella or thea dwarf, O.rubrin-
ervis or the red veined, nnd C.lata with only =1istillste
flowars. ~hage chianees vere cuused oy & doubling of the
nimber of chromosomes (4n), b, an extra chromoscma (Zn-1l)
or ny é trinloid number (Zn). Lately, the tendency 1.n3
been to ar-1y thre word'mutaticn to "re2l charges in a ¢a:0"
(2) which may rrvetl throuselves ag eitier sli ht or stricing
modifications. .he Drosuvchila mutations sre exan:les of
tie lutter t,;pe. <They uare not limites to sny part of the
oody but oceur #a chungas in eye color, bristle nuaver,
wing size and srape und numerous otner iaccrited varistions.
Cjtological inventi ations revesl no chinge in nuuver or
arrancement of the chro.osomes so the conclusion seneus
obvious that the chunges are in the chromosomnes themselves.
AB to the nature of thesas chinges, little is krnown. It 1s
bnlieved to be a minute, pechaps chemlcul, change.

mitaticns heve arisen in many diffareant classes of

plants and snimals. Cf the mauzsls, tho rodont has probubly
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baan uniar z0re 2 aant ouvsrrvaticn twen ¢lr~» cridars
bacausas of th» lir:9 nu.v2r- ~wich a4y ha r i-23 jn - » ort
tiza ithout graat 29w 2258 or ci7Ticulltye ™7 more ccmnon
mut:tions sncn. Lni.9% pigs, raokita, rou3 ... iz skrs
tnose uflecting coti ¢olor, 3uch A3 ancn-a_outl, uvroenn,
dillution, avne-e-tewilon, whiite spoltin., s oninisae
Jdther ghnn_es have - ppeurea, reduclin, ire ouwst of rair
and leagth of eudrze LR wWaltoilni, MUu3e ruwey i s circae
during woet of Lis active mounent3 vecrusa of =ueo inrnercited
dafact 1a kig innepr ezre LHV1ll aaother Chino« frow nora=i
is the 1lo:ed tsil wut tion.  1ith tha ju.rcoe of contrivit-
ing 10 the kav=ledge of ks retura of flia:ea t:1ilad mice,

this oepar kg rean writtane.



Eistoricnal Account

The flexed tail mutation of the mouse was found in
January 1927 by Dre. H.R. Hunt in his albino stocke. 1In
an paarance it variss from 9 teil which is stif{foaned by the
fusing of a faw vartebras to a stiff tail bent into saveral
anglas in diffarent planes. Kot only is the tail stiffened
and bent but it may slso be shorter than the normal length
which ic about the same as trke len.th of the body. Cravin,s
of various flexed twulls uay b9 found on ;&g e , Figure III.
At birth, the flexed mouse 13 puler &und sawaller in size
than 8 noranl new born mouse., Jhis strongcly suggested an
anenic cunditione.

There 15 sowe question as to tho mode of inharitance
of the flexed tnil mutation. It breeds true in ueurly every
case. DPevaar and lixter (3, crossed flexed wules with flex-
ed femnales and obtoined 552 ofisnrirng, 549 of which were
flaxed taila snd three were straight tailed. Pj crosses
batrvaeen flexed snd straight t iled mice made by iunt and
Pernar yielded 452 strsight tailed Fys ond three fleved
t2iled Fys which show that flexed is rascessive to rnormal.
Tut the F2 genefation of ilunt's experinent dons rot give nny
oriinary ‘amieli=an ratio, for 8.1 —ara gstrai ht tuiled
and 103 were flaxed, 7maving a ratio of 5.04 straight tz:iled
to 1.0D flered tuiled. If one .air of faictorc is cconeerned,
a bagk cros3 of tis ] e¢enersition vith the recocsive flexad
t2iled anlzals should give 8 1 to 1 rutioe. snunt, hovover,

found 1l.4%b straight tulied to 1.00 flexe. tuileu wrnen he
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crossed ;8 back unto flaxed (264:445). It is cleaar, then,

that flexed t2il bre~is practictlly true liks a recrssive chur-

acter cvut the numuver of factcrs coucerned is yet to be dis-
ccverede.

The work to be reviewed im this puper was dune batween
June 26, lv2Yy and June lv, 1voUe. rart I is concerned with
blood findings of flexed mice -~nd their contruvls at differ-
ent ages; rart II reports sn atteupt to fix different rades

of flexure by inbrecding.



PART I

The Blood of Flexed snd Straight Tailed llice

Purpose: This investipation was undertsken to ascer-
tain vhather ths aprarently sanemic condition of tha flexaed
mou3e 2t birth i3 real. A p~ler =skin, e-recislly roticeable
on thna top 0¥ the head, aroundi the tri.rs aand shoulders,
distinguigkes ths new born flexed from its normal litter
mates in back crosses or in F, litters. .(lice are hairless
at birth so any diffarence in ths color of the vlood can
readily be seen. Since aunenia in genersl manifosts itself
by & smiller nuaber of red blood cells gpger cublic uillimeter
than normal, or by 5 decresse in tha parcentxuge of the oryeen
carrying pigmont, homogiooin, or by & lessened a:mount of
both, 1t was decided to mske blood counts Snd hemog.obin tests
on fleved mice and compure these with results froim normnl
mice. In order ‘o see vhethrer tha flered xuice recover fron
this anenia, their blood was comnared with gstraight tailed
mice harboring no factors for flexed tail. If the blood of
flexad mice beccmes equal in gqu:lity to that of normal micse,
the former have recovared from their defactive blood condi-
tion. From these data, thk2 rote of cehange in quality of the
blood of these threa varietisi could be calcul+uted.

Pravioug York by Othar Tavesti ators: The celluler

ccmposition of bplood in noruwial wice hius been deteruinsd by
saverzl invosti_ators. Jimonds (4) finds 6,000,000 to
8,000,000 red cealls per cuvlic millimeter, Coouall (9)

6,0)0,00 to 10,009,000 Accouraing to simonus threre are
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6000 to 11,007 ~hite cells, accoriding to lurpky and 3turm

(6) 12,890 to 24,030 whites, whila Young (7) ¢ives an avera o
of 5009 per cu. ma., tad Goodall lists 8000 to 13,000.
Goodall rororts trat tha hemoglouin content of mouse blood

i3 Y05 that of noruel humsn vloode. <Lhese figures are in
gsneral consistent with tha results ovbti.ined in ay invostica-
tion of adult mice, tno Coounll's iheuacglooin estimate is

hi her by £2, than my finding s in the present worke.

There ara two types of anemis wuich may be compured
with the kind fuund a3sociated with flered tail. the first,
a type froa which there may be recovery, 1is reported by
Doyle (8) in young pigs daprived of vitauins; the animals
reczovered at 6 vweeks if thay did not dis before then. It
was gshown that tre kind of ration used was not responsible
for tris anania. Tha incidence of anomia, end the denth
rote fron 1t wara four times as great in pipgs kept inside.
Tha hemo;lobin content was 235 lasa than normnl in anemxic
riis, but after 95 days the red cell count 2ni hesoglobin
perzento_ s of aneaics 2nd rnon-arnenics were sbout the same.

The second type of aneaia was found by ce Aberle (¢)
in homozy.cus d.ainnnt wnite mice. Lhese were obtalned from
mutings of parents uoth hateroz;,ous fer tke ccminant
spotting ¢ene, W, which jielded mice with the (enetic foraula
iive Lhe cour:e of the unesia was froa trhe loth day of
intre-uterige life until death, wnich =1lwayg occu.red a
veek or ten days nfter birth. she tvinds the cellular con-

tent of the blood 8t birth to ve =3 follows:
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Cells

Ane.iio 663,009 red cells, 1192 wi:zltes cells per cu. 2d.

lormnal 4,740,020 red cells, 5561 white cells per cu. ma.
Yemoglobin

Anenic 135 to 395 of human standard

Noraal 605 to 10675 of human standard
Formal humnan blood is considered to have 1005 hemoglotin.
t'ogt investi.ations of hem globin in animals are comnared
with this Aags a3 stardard, hence, the hemoglouin percerta.es
elven in this raper follow this custom.

After prasanting the data of tha flexei tailled aneuic
condition, it will bpe compared with these varieties found
by other investigators and the findin s of invasti_ustors on
hunan snemia. Lo atte.upt has been made to rs;ort various
anemias artificislly produced by blcocod lettine, puaruasites
or injected poisons, 83 tnese seom irrelevant to tne present
type.

Buman aneaia 1s classified with as much difficulty as
that found in animals. Lazarus and Barlow (10)disting.uish
between anemniss in which marked leucocytic changes are
absent and those in vhich aarked leucocytic chaniea are
present. Tha first type would be calléd ariemia and the
sacond leuctremia by Les and :"inot (11). Anemnis meuns a8 re-
ducticn in the ovyiz~n carrying constituent of the blood,
hamcglobin, usually by loss of cells tho some anenias, like
chlorosis, mav be dua to ingufficient remacglobin formation.
Leucheaia is A blood condition vheres the rnumbar of white
blood cells is ;reatly incra-.sed aund tne progsortions of

lymphoc,;teas to granulocytes 2ltered. If the ljyuaphoc,tes #ure
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increased, somstimes as high as 100,000 to 500,009 p=r cubiec
millimeter, it i3 lymphozytic leuchemia; the other type is
m-eloid leuchemnia, in which the granulocrtes fre present

in excess. =“ither kind of lauchemia may causa tha blood

to have 2 lo~er narcentage of hemoglobin.

Aneunias heve veen subdivided into primary and secondary
arenias (12)., .he former are g;parertly nct caised by some
other diseaze, but exist ks a4 .istinct clinical disesse
such &3 pornicious anewis or cnlorosis. ovecondury iieiniag
follow such conaitions &3 hemorrhaces, purasitic iafections,
cheuxical poisorning, mtélnutrition, malaris or twiors. Jhis
classification does rot indicute the ciief pathological
charuacteristic of the wvlood and blood forming organs. 30 lee
and inot (11) and Zvans (13) distinguish ane.aias with de-
fective blood formation, e.g., a&plactic snemia, and those
with increased blood destruction, like pernicious e&ne:is,
and increased blood los3, either acute or chronic, e.g.
anemnia from gastric and duoderal ulceers.

Ariother useful grouping is that .ade by use of the color
index (1Z2). <The index is obtained by d¢ividing the percent
that the henoglobin of an animal i3 of the normal percentsa:e
for trhat ariail by the jpercent the tlocod cells are of ttre
normal asournt. If a women has L5, of the normsl heno_lobin
content and ©J0,000 red cells or li, of the normal numoer
of 4,500,000, her color index is 25 dividai by 13 or 1.9.
{his was actually trus in a cigse of perwnicious aneuia of
pregnancy (14). If the c.clor inuex were less than one it

might be & cise of chlorosis, &n wnsuwia in j.ung ¢irls who



heve defiecient hencgloonin. 7Thiaz classificution, usin. Lte
color index, i3 the one vhich will bs used in consldering
the arnenia to be described.

Procaedure: For countin, tka olood I used a ¥ilil cer-

tified pipette when ashite &ndi red colla were counted to_etrner
and 8 Trenner pipatie when rhite cells only were ccunted.

A 1% salt solution tinged with a small quantity of Gentian
Violet 13 satiafactory for counting. ooth types of cells to-
gather, while use of a 1}, acetic a-id solution tin.ed with
Gantian Violet is‘hettar for only ~hitse e¢sl1ll counts, «s the
rad ¢alls ara dissolved hy tha acid =2ni thn vhite cells are
coloredi rurplea. The blood is diluted 200 timas by the salt
solution or only £0 timas by the azid sclution. 7The first
counts wars made with a Levi-tausnar sin;le counting eraunber.

nwo drops of diluted blood from thea =nimal wnre obsarved and/
|

\

the uverc.e of thn two con3atituted tra count for- trhat in-
dividual. 'ost of the counts cane from A Lav,-:dauser dcuble
counting chanber: ©voth drops could tren ue oonsarva.: st one %
£1llin, of tho chamber. uemo looin was deterained b. use of |
a allyuist color scule. Ihis is accurste rithin Doe If
a drop of blood w4s uarkar tuan 400 but liginter than 59,
it was recorded a3 45

The source of blood was not the s3ame in &1l cascse. At
birth the blood was tsken from tha zevored nack or decupituted;
animala, hence, no countsg at lutar dates vern evar .ude on |
anim:1l3 countad st birthe 3Sonnrtimnes the count 2t one week

wag from thn reck, orasa often from blood obtainad by cutting

the femor~l vein. PFrom two weaks onward, I usually obtained
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the blood from the tip of the t2il, cutting off several
millimeters each tima 8 ccunt was 1nda, Occasionally the
blood came frem the leyg vein if the t=il would not blead.

Tha flexed =2n.i normalg werc treatad tre sume at one waek

ard thasreafter:; 1f ths cownt weas xa:de ~itrn bLlood from the
leg vein of owns, 1t w»u3 takesn from th- ss.e [ lace on the (
otrer. If 1lyph vu: mizad with the olood t ken at birth,
it obviously ¢iluted U=t fTroum both fle%ed wnd 8trelght aice
to the sung e.tents It does :ot gesm, however, that this
dilution @ade =ny appreciwulie difference fur tha chauge in
quality of blocd from birth to ons week is not egppreciubly
sragter than the chiings during later weexs when tha blood
wa3 drawn by » .1ethod ~hich grently decreaased the chunce of
dilution b, lyavh. The nuaber of red blocd cells in the
flaxed mice incrensed 54 5 the +irst vaek sl &¢£4 the second

waeke A sli ht decreure iz expacted 23 A mouse grows further

D

towsard maturity becaucse they are rearing the maxrimun numnber
which i8 rreceat at asturitye If the increase continued at

the 3ama rastae from weak t0 wank 8> durin: the Tirst week a
mousze ~ould have 2 hundred millicn bloci cells in a faw aontrs.
To avoid this the rute decreasas rinidly.

As alraady atated, tho cuuntin, vwas conn st weesly and
fortnightly intervals, b linuing at btirth. “hercver possiule,
tha? s .28 nouso wag uzed throu hout tra wrole woriss of counts.
After four weoks the intervals becdne two vw92x3 uniil tis
mouce wus twelve veeks olu, when counting was disconticued.

That 1s, fleved mic2 und their controls ware counted at
birth, at cna, tro, three nd four veazs 2fter birth, and

further 2t six, eight, ton and twelve vesks. Tha adults
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counted ire mainly the parerts of tro3ls used from dbirth to
twelve wanskge. Four of tha fleved siults (malefl8 anl feaiales
#14, #17, i18) wara not parents of the mice used in the

blood prctlexn, but of thoze raccrded in the inbrreding
excerinant. These aiults varied, in nge, from six months of
a2 to nearly t-o yenrs,

T0 determine vhether flazed mice differ from others,
normil controls vere used. _“hes? were of two kinds. C(ne
wa3 the haterczy . ous strai .t mousase. flevel x straight
mice yield gtraisht tailed mice ¥rich curry Ilexed. These
Fys were buck-croussed on flexed, piving both floxed and
stralight offs 'ringe S0 ke straig it offzpring in the vack-
cross litters; ars satisrlfactory contruls for flexed uice.
Usuaily the count of a floexed was puired with the count for
a noracl littor asate at all Aged, sc that effects of fesdil,,
temperature, or heslth of the mother aight be the sawe on
both ccntrols and flexedes Reciprocal crossas were made to
got trese litters. Sevan hateroz /g ous straigrt tailed nales(F)
were mated with 14 flexed Pfemzles; their o"fspring are re-
oﬁrded as crosses Ha, 8b, Y3z, ete., to 1l4b. Une flexed male
X 8ix tetarozy cus straight Teanles gove tha results rec.orded
in crosang 36 a-g.

The other ty a 0of c:'ntrcl is trhe rnoratel nouse carrying
no flaxed factor. OCne homnozygous strai_ht male way mated to
aisht straigzht foai4les in crosses 44 sa-he Their offirring
lived under the sane conditions a3 the flexad and heterozy-
poud gtraignt youu, hence any ciffererncaos zuy ve attriovuted

to the =usce..ce of the flexed factor or Yactorse. liearly dal

colors of mice were used: #lbinos, pink ejed visnck und
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brown 8.cutlas, dilute brew.a ~nl diluta hlaczs.

Tota: raLla2z T oand IT on qgna 40 (iva =1l of tre

blood datarristtions indze Taola T shoews the individusl
haoe, loein deternin:ticns ona: the red cell covnid witn tie
croas fr.oa vhish lhe), couwee  Jacle [ contuing beides
viiite £011 eovilad, & 1iat of he.c iceinl jarcent (a3 wude
et Llhe gz.c tize cof the ‘kite cell counts und not listed
in Title I;

AVOIrLef3 Gli pruvivlie arrers =03 ol (ivaa uwnuer eug
eclwun vub in 4 spscinl tuole, Iin, 8o cne awiy have 1l the
aversc es from w11l Lhe groups eusily al bond wien cowpuring
EVers €Se

.vo saries of grrachs froa these auta snow tne conte.t
and the ch&nges in ths olood at uifferent s .es. l'igure I
on page H7 contulns grephs of wnite Cells,‘hﬁﬂOLiOuin tnd
red cells for exuch v' riety of usouse ;lotted accoruin, to
aversgeg at ifferent ages. DBut only sctual values cian
be resd from this figjure. .he relative rates of chinge
are bast shovn in Figure II on pace ©Y which shows the
plotted lognrithms of the =sctual values. "If relative
rath~r thun abaolute vaciaticns ar~ of chiaf concern, the
chart em:loyad ~hould be of the semilognrithmic tjpa,
scnlaed lo.rit 7te2lly on the y-sxig <ud arithaeticnlly on

tha v-rxis, In such 3 av2rt, aval reraenpet A r ristions

ara ~acroca tal 5o o oa o] eartical diatas aas, o 0o caed to
1. ' S e . PO I S S 1 . T N ; P - .
the or luner sitvootic U oA 1w vhicn e 0l 30l Le yapriae
42 . .. a4 N . . T N - . T8
Yicry v rooeansitny b a1 ve Lis 1l ictczes,t illas,

s M gsas, P " . C e - y . _
I "suntistie-l ot 03" (15). Lo wasia, 1o 1o it uaie
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charts, we =ra able to Juilce comp.rative retos of crange:
by the =2bsolute ch'rt the actuasl differe:.ces =u; be told.
Comparison bat-een the g¢rush3a made by the tvwo urthods

shows scent differernce in comgarutive rasults, to be sure,

yet one mty be u:ed n3 & check on tk~ olher.

ciscussion of Luta: The flexed ure sd.eulc ut birth.
Tr:is is srown by i(he differci:ce batween lheir av:ra as for
red cells and hemoglooin, and the correzponding aver:,_es
for tha heterozyigous and'homozésous strai, htsa. Compare
first the differcnce between the red cell counts for thre
fleved 2nd hrterozygous straig ht aice &t birth. Lhis
differerce 13 1,560,02) red cells p~r cubic zillimeter
(4,680,070 - 3,0520,090) with a nrobable error c¢f 1351,620.
This iiffersrce i3 10.29 tim~as it3 prooabls error so ih~ore
1s 2 ~ignificnnt differerce between the red e2ll nunbars
of tha tro typey of mnice a2t birth. <The 03id: %re over
69 billion to 1 that this diffarence i3 .due to chuince.
The fl~xed are -ineunic as conpral with the rormal hetarozy-
gous strai.ht nice. Lho snuze i3 foun: to .~ true w-on the
fle:ed 're ccm.ored mith th» himozy cus sir.l htse Jhe
di:farzice bdotve~rn tham is 6v022J # 1:FD0J. Lhis differse..ce
i3 4.5 tns <iue of i1is :rovs li errer, 80 is ot a5 signi i-
cant, stitistic L.y, 23 th? Jirat «iif-renea vwi3e uore Lhe
0.d. ra 1o to 1 s, uinst v..2 siitoo~.Ce 02l @8 L0 Cf rC3.

2n? eviderear from molo lonin 2oy rincn: i3 ~vapn sore

. . L . _ . :
wnvinein_ e o0 vesr s hwa o obin vopeent v Tor U a
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22 times its rob ul? error or odds of over 6v bllilon to
1. Lence the low councentration oif hsiaoglouin in the
flered .cuse csauies its mue.ia. 4wnia fact is eyuuily well
demonstrated by differencing the humozyguus straig,ht and
flexed mice et birth. .he heuaovglobin of tue foraer erceeds
the latter by 17.5. & .97 or 18 tiisa the rrobiule errore.
Anenia at tirth, than, 13 rnl=winly ovsarvad,

Tha s emin in "doninnt white" anice i3 deocidedly more
preuounced (14). Thay stox only 663,009 rod cnlls per
cublo millimeter 2t birth 28 ccmpured with tra 3,023,009 ’
of flaxed miocs nnrd 4,7410,00) for norm-l wice re~ortad by
Te Aberle or 4,680,070 a3 fo'nd in thy or=22aeat invagtigation.
Eor do tha “lexed nice die recessarily frcam thelr :114d
ana 1a, for 1/ny ruve livad bryund 1lZ weeks even tvo -ugtiuine-
ing, fiva or six lossos of Llood wihen it wig counted.

Whon {i:i3 eneuiw 1s clsa3ified sccording to the coulor
index, it 13 found to ve cne of those vith s color inuex
less thau le If w8 use the sversng os of the hateruvuy.ous
gtrulght &t virtn <8 the norm:l condition for = wouse ut
birth, we find that tho floxed .ouse nus 640 of normal
percent heano.l:bin for mice (3v.4 flovod porceniuge at virth
/ 67.7 hotarozy. ous straicht  orcent -¢» =t uirth) and 6o,
0f tk>»  ~a'l rta er o” ran cols (L, £0,0%/4,06:0,000).
“ha coler ircax 13 woe (1o0im in - of necmtl/  re eolls
ara 07 ro omel or ©4/08 B 4V, Lhisz oot L Ins it a0zl

gimtiar t2 ghlore-ia,
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The 7»hita cell content of tha flawed sniacls' blood
is ot ona of the cuusns for tha ©ns.ic sapprrance. 1In
the flexsd, thay ara noither sc rumorous 23 to constitute
leu%emnia nor =re they legss trknn ‘ha nuans~r in hwrmél rice.
At birth, th~ flexad hava 2 ~hite c¢~11 count of 4,27 cer
cubioc millinater, tha heoterozy.ous str:i hts rave 4,129,

"he .iffere:ice of 168 & 512 18 rot sigaificant since the
probanls error axceeds the differerce. wcetween the flexed
and tha homo .y.ous gtraiai nt whose avera e i3 o,vvo ia &
difference of 304 % 505. Acaln, ro si uificunt difference.
Thus only rea cell and hewmo.lobin deficierncy ure res;.nsiule
for anemnia in tha tlexed tiiled .10uuse.

The fact must be t:ken into ac.:ount that I huve lun:ced
to,ethar lymphocytes, munocytes and grarulocytes in making
white cell detoraninationse .here a2ty huve voen atrkad
changea in t+~» number of onn typs of vhite cell, comohoncoated
b changes in t¥» opro~ite diresction for othnr tyasas of
~hite 2alls, without ny detectin. it.

Recovary: At tha eni o the first reex, thn flexad
mice have rractically recovered from thair anenia, so far
a3 tha red ceal.9 suro concarned, but tha henozlobin lags
b~rind, to cate>» u with normal mice at t o wamka, ke red
gall mrvoragn for tha haterozygous stral;hts at 1 waerk is
5,513,530, for tha flexad it is J,lZJfO?O, and tre 1f or-
ence 1~ 90,000 ¢ 103,000, 2713 diffarcnce i3 £.9 tlaes tue
gizo of 1ts proouvls arcor so it i3 yuastionuuvly signiricant

since tha vads ure only 16 to 1. .nere i3 a8 .ere uiffersice
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of 20,000 botween the flexed -wu.d homozy.ous strulg hts whic.
8u asts har.ly any cistinction &t 1ll. I he ciffsrsnce
batwraen the hom: lo-in ~v-rogn: at one week i3 ¢till pronounc-
ed. 7The hetarozyi,ous strai_ht eveaad tha floxed by 8.8. %
.90 and the homo-y,ous evcead thr 7lexnal b, 4.6, & .94 .
The first 13 9,7, =nd tv= 3acond 4,8 tha aiza 0 thn prov:ble
error. .he 0dd3 =ra over 759 =illion to 1 in tra “irst cige
and 8.8 to 1 in "h~ secon’ s41°a, ‘t two weeks trhe flexed
ars ejual to their normsl controls =s 22y b2 seen b con-
traustin, thna -vara, 23: flaxed 535,60 % «58 ; Tataro-  ous
gtraight £5.6,0 & .73 ; howoz, . ous strai hts 56, & 457
“he differerces b:twmen tha ovira, 193 do .0t 8x0ed Z.7
timas their rob.vio errors in arny cnsze, ancaia Is ovore
Lor doed uwrexls return tov tha &dult fleied mouse.
There 13 no way of alfforantisting a fls et nuuli froam o
heterozyecus straight one by Lia blood cell count. ihe
fleved equ:l the heterozycous strui hts nne surpsss Lhe
homozyeoust strui _hts in red cells: they sur ass voth in
hsi10,lobin, tho :ot st nifienntly., ( ha color index for
flo-ed ailults is 1.04.) .his 1s plain fron cifar-onein,. the
averazn3 for red cell counts. Ihe flexed «cults hive 11,
200,070 red c¢nlls rar cubic nillta.~ter, thn hetaroz, ous3
str2i:ht adalts 11,050,000 calls., .ha differarca i3
150,000 & 512,070, Lers tha ~rob:ble error Avcasds tta
differnnce go tha =v2r2: a3 wre cart inly »ot dif. L. L.
Eatwean *hn aversgaiz for flerxed adults arnd h .moz,/¢ous

gstr2i;, ht adults thers is a difference of 1,51),000 &
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244,000 red vlooua 061l3 par cubic millimeter. Ihis difference
ex:mreuUs ils ;robaule e.rcr by 6.4 tlicse Jh3 cuds 8.81inat

the Giffarorce b~ ing uue Lo cr:ned %cn Lver 19,000 to 1.

Lexco trne flexed a.ulis gur,:38 the homozy; vus strui.ht

adults significintly.

Jetween tha avoregns for adult hemotlobin uercentsges,
thore ars ro si.nificant diffare.ces. .he flexed adults'
avaragn minua that of the hoterozygous strui ht <dults
(68,75 = 645) 18 4475 % 1.83 . 2 he di f-rence i3 L5

times it -robhahle error. JSince the odds are oirly 9.9 to 1.,
the avaricas are not significantly ¢iffareit. Uha leved |
niults' avern,a oirus tha h wmozy.ous str.i hts' sdult
ave - n.a (68475 = 65.60) 13 2.5 8 1,85 ;3 the d1ffarence is
only l.6 tim~~ 1ts probable errore <Tha odds “rn only
2e5 to 1 hence the avernge3 ara rnot si.nificents It 13-
clear tren, 1hut flaxed mice &re not -ae.ic vhen Lhey ve=-
¢.me adults.
Tha regovery . arillels thst in youn_ ;1.3 ouservea o,

voyle ( 8) tho, #8 vouldi v* e:,ected, :ice reciver sore

swiftlye. <“re vlood of each variety of w:ice is on ihe saze

lavel by 14 duys, pi.s by v5 days if thoy re:over «t all,

Coapsrison of Llood at »ifferent £ _o08: After two

weaks from birth there is no cons:-icuous difference in red
6ell counts b~tresn flexed end hetarozygous straight xice.
Ko diffarerice i3 more than 3.5 tiaes thn zagnitude of its

probebla error. This i3 evident from M. ure 1 ,0.87vhere
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the vertical cistzice between the curves for the two vuriet-
ies 138 never u3 (re.t uftes - tvo weoks as at virth. J.e
adults differ by only 150,050 ® 510,0.,0. Siuce the pro=-
baule error e:c2eds the uilfference it .27 be considered

that vhen flewedi nice are mature their red blocd cell
content is apprexinntely tiha saze as thet of thoir hi hest
controle It i3 noticenble that the flexed curve i3 con-
ciste~tly but not etgrificantly hirher than that of the
haterozy, ous normnls after tha second veex.

Thare {3 somn inlicition that tha homozr ous striight
mice have a significantly lovar red lood count thun the ‘lex-
ed, briinning st threas weaks fr:'m blrth, 3nlor nars the
d{ffarnrcas, proh-hla arrors 2ni numoa= of ti=nes; the
differences evaceeded their prob. errors{(all in fuvor of
tre ilevad) at a,a: baycnd two weaks:

Tifforonces betwveen flexed *1d homoxy.ous strul .hts
Difforerice

rrouvsuvle errur Cdds
3 VWeonks 1,:70,000 2 £50,000 548 About 1050 to 1
4 eeks 1,100,000 2 159,000 690 Avout 427,000 to 1
6 ‘eeks 640,000 ® 204,000 o.10 Avout 20,3 to 1
Adults 1,510,000 & 244,000 6.40 fbout 19,300 to 1

The graghs gror t .at tha lowest curve belon.s to th»
str-ights which do rot curry flexei. The tvo kinds of
strai, hts show n conzidersble differerce only at birth of
877,000 2 159,010, Ihe difference is 5.4 times its pro- |
b-ble arror nnil tha c1d3 nre about 1350 to 1 n.2inst the |

differer.ce beain. dues to crruce, The lack of sufficiant (ata
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for tre romozy _cur strei.hta 3t o, o, 17, “nd 1lI wesLd
1imits th~ nossibilities for adr wing rolizvle :cnelusicns,
but the eviiarn 3@-73 to Iin’icute clr:cly +at once 'he
f1n - n" - nimals keve rezoverel froa tueir ansiia trelr rod
621l ccunt i3 hi her tran for nomoz ' ous =trai.rt anin:ls,
thas hatarozy, ous stroi_»t: beir,  intarna iste,

The white coll ceondition trrovgiout 11f> 13 sizilar.
The hi,h .robabla errors_of the aver=.n3 mnaks fairly lar:.e
intervals bet-enn avareies inconsejue.tisle Ths lar.est
¢8p is froa the hovumozygovus straji,ut wlce at six weexa uf uge
to the heterozy.ous strui ht mice of tne ssans a.0; 1t 1is
3500 but tha avirage for the forier wus deter.uined by only
four co.nts, herce tha .ap uay not have vacn neirly so
large 83 it vould have baen 'ad wauy wore counts been t:iken.
In genaral one cannot ulstinguish these uice of the seaae
age by their white coll count.

Likewinae, after one wank frum birtn the tyes of mice
inveatiyated could rot be (istin uished frum esch other by

their hamoglobin porzerntage. There is ro si,nificint di1ff-

eroence between tre dults of flexed and either typs cof ?
atr-izht t21iled mice, 29 2a evenination of tha table of
differerices on rgg~ 63 will r1row, 7Tha s2me i3 true of 9

differoer.ces bstmean the two tyres cf strai ht tﬁiled xzice.
None of the houaoglobin diffeareices bat-een tha t'res ty es
of mice were a3 grnu%t —hen the ' c¢q vere cca.ired after a
wmnak 0ld as ithey »ar2 ~hen coapured at birthe 30 it muy be
concluaed thet ths henuglocovin percentiges of lexed und

struight mice 0 not differ significintly after a weexk from

birthe.



%0

it of Ineravno froa _irth:  Lu insgsaclion of the log

churts (fige 2) will conviooe uvma vh.t Lther: 13 a2 Lackad
changs in th: red ce.l .varigceld within u variely ug w2 .ice
becom? olasre consiiderod .iheuslic:ily, the tlered in-
grease 5i . in tha irst wenit, 32, in tha sac ad, 1Yo in
the third veok end 26, during ths fourth weaek of life. An
inorecse of only 8., is g:ined vetwssn en 8ge of one mbnth
and maturity. “he climax i3 2t four we-%s, froam then on
change is siighte The gruph indicntes the ssme ranid pro-
S LEE fdr tha strat.ht mice with the e ce:tion of tre
homozygous ~traights betreen tro and three veaits, An
ex~lannation for this exception is lacking.

Tha following table shows tha rste of incroanse in red

blood cells in parcent oy reeks of the three kinds of mice.

Flexed Hotze 3t 200202 3%,
l1st “eek 54, 1249 0 27.10
Znd "eak ‘ 20 25455 £Yed o
3rd eek 19,0 10,9, el
4th ‘teek 26,0 ©d¢l0 30600
4th eok : '
to Aault " 8, 1.1, 5.3;‘6

Liote ihat esch kind ilacreuses more rupildly wuring the :ourth
waegx than during the third weeke ~Perhsapg thils i3 the result
of the chunge in diet for durin, the first three weeks

the youn; are with the mother but shs wns romoved when the
young ware three we~vs old 8o thay hud to live on griin

{nstead o0? milk aftar aha weg taven from them,



Honcelobin b-nnves alffarently. oo {lexed suow a
rs .13 rise whil> the straithb mice deciina at Iifst Lren
rise 31oviy. Jh2 r:t> of incre=se* in tho ‘lexed vlood
plemont is 2s follows: 18t waek, 4. ovar tirth; zcd week,
Yo ovar 13t veek; 2rd week, &, over :i:nd woack; 4th week, 8
dacrence of 0 cvor Srd Te=k, Uhe rnaults (hd &n inccesue
of 1€ cver tka ke 0,loiin paroerntagae of nice 4 wooaks cld.
Fut tha heterozygoua strai . ht mice dec-e:3a 7t tha rate of
4,7% tha firat vaok nd 2.8, tho -~enond »1ltho tra differ-
erco vatvean tra ~2tuul count3 i3 not statistic 1ly si rnifi-
cinte _han tha nurve otart3 usvari. Letwaan tho €0.70
hano,;lo"in At birth *m1 tha 64 at ziturlty trera {3 -+ iffer-
arice of 3,3, % 1,5 which {3 hurily si nif'errts ;o the
katerczy.ous mlica reithar iwnrova nor Jecline in kniuo_lovin
si.nific-ntly. .r13 i3 evidently tru= for tka hemoz;_ ous
mice 8130, A9 un inarection of tha 1vuy crurt ~rovse.

“ne only stateusct thet sesens oovicus fron the viite
cell curves {3 tn:t tiere i3 uu {pncreuse iu.Lu;uar betveen
birth trd wut.rity buet 10 repgulur rte of Enwhbe. . 1@
fle>ed .t maturity sud at birth differ in cells er cubic
millieter by 5,708 & 855, (diffarence 6.6 timay its prob.vle

error) a si . nificuct aiffer~noce. Ihere i3 .u ili.crease of

*°ha parcentigna iven in this ;ur creph »ca2 ot the
aha.lute ino eqanes “rom weok% to wrak buat éha marenrt thot
each weak 12 ovar th t of the nracazdin, "92%, 68... 24, i3 t @
diffara:ce natean thre heacglorin verigas . r la ed micn nt

birth "n! ot one ~n-k dtvided by tha Tlavel v~ @ 2ot tiirth

4yalGei/oVe4 o 1118 srowg tre rate of inz--~.3e from week to



1225 over the xnuiuar ¢t birthe 2 he heteruus..ous nmice
fnercesa by v471 £ 1076 cells (dl4Fer-nco, He% tl es ita
proctule errcr) sn ineceiee ¢ 101, o fr 1 TP Bi2EmO oy cus
strofeit mice &iffor vy 7977 & 770 froa iirtl to siult

n o3, 2 Jnin o 1Vise Larce, trere {ao o 1. vov.ant shovn
vnite cexl «r’ ored o1l corrtr in ezl w10 7 nics but

tha file-ed "lon ohwom whowsd Loorevernort ip o ul, 19 1n per-

- 1.1 - ; -~ A T PR oot -
Ire kit supg. stz traly gcorctowt ol lo lun rrgoenin e

-]

1th luncrousirg numner of erjlircestes 1o 100 ,oane stralght

tuiiled roiuedly dnnic Vag Lzt ths sty i onts ra wvovn vitn

“erytarocyte: ricrer in bksasgdovin Loorn Ve o cltce oh LIis

-
P

othaer kh.nua, the increuse i6 nousglowin (oreect 2 in the

-

“le.ed il puraliclicg tho inciewzo i es U rucytes

gugeeota Lnat trns 18 2u =a vorn wilth eryi:ovos,bas .ving

the ¢ il ensovuent ol ksadglobine  Lne Silowad ot birth have
“Yed s henov, lorin ni $,0k0,300 rec enllte . LY flazen dce
Leve 6be7 ¢ hazo.lonin and 11,£30,0520 red call= or 7as (5547 ./
3946 = 1) iners.sa in hoac lobin «rd L57. iveva sa fa rai oslis
ovar birthe That 12, vhile {tke heccplovin ircrzw-~as once iva
rad 6~112 increr~a 5.2 times (74:.07::1:3.2). IFa hatarosy, cud
strufights «t birth hive 0047, heuwc lovin wxni 4,222,00) re enll
Thesa fi uere- inzreasa to 6:0 And 11,050,030 2t ~autt i 23,

Uha bomo lobin avora wn inceavza of Bed s (64 /50675 = 1) rnd

tha redl 211y n izzr232 ¢f 12, cvar wirts: in cthar o

”n" -
. Q

-« Mg

. v LI . S . - - 3 T H N [
whila tha heac loin fa-rewss nce the reld e-lls inereuse Lo

tires. Lie numowye Wa stralcht oices bave odey . naic lo in we

tirte nd 4,010,0.0 rad ¢lla var curie Lilionters honmoulalty



tha, Live $d.¢ s e leonin Gnu v,0v,020 rau ¢ li3z.e Jris

is an in:ramsao ol los iu noac lovin w: 13lo in red coils,
Jhe revio of fazooiua o0 bl vila tu e2lds 13 L L5 Ved
~h8 fleosed sSco 1 viiiv wi Ghaly b L0 weny Uiy 1V lncoeis-
ed thelr woount o pows loblin wozsoly =5 =30 .5 weelr c21l
ru.bere an2 strai_nt .ice, huvwever, hova jancre -sed trelr
cell :u.ber :iiuch rura ra.ivly th:a :hair 1e . i0.in Lercent-
850,

At birth in eacr kird of =ovuse Lha r«ticv of hauo lovin
to red cells mny ba ta%an 23 1 to 1. Tha fla-ed 23 ndults
Yave not dapartadi ss far “ron trhis ratio 23 have tha gtr.i nta,
for th~y then vYova n 1 to 1.92 ratio (174 ., Lhis percn.t gn
of hemo.lobin st » ult »ges a3 corparad vith 120, st oirth,
to 337, the paraant of r2d c-118 2s ccanaved ~ilh 1000 ot
birth), whila tre ratarozy,.cuz gstrai ht :2ics hnevr 1 to
2,14 ratio sn' trhe hrmozy _ous strai hta 2 1 to Z.09 ratio.

It i3 aviideut that th= inecrause in heao, lo.in o reasatagae
parulloels thae incraise in nuaber of red c9lla noura cloaely

in thy !lexed wmice tran in tho stroi hy uilen, nence the Ilex-
ed mice are born with a clo3er an_rovination te tha adult
endorzant of hosoglowvin tn:n ars thr atr.i_hts. ~he zuurts

of vcth flexed d strai ht uieo huve le3s hewmo_iowvin per cell
than do mice at birth, sinze the cells inc-e:ise .ore ru:ide

ly th=n does tho h no lonin,

The preceedin, observaticrs arne necosa rily .iacalleled
by dnta froa indivi unl wuice: one exviusle fruva evc'. ty e

will suffice to 1llu~tratae this:



1l .eek

1 Flevy=2d froa crosa 6t 455 = 5,853,000
2 Vetz. 3t. from cross Sof Do o= 5,940,000
2 {domo. 5te Prom gross 448
2 erks

£3*  Plavad froa cross 56F 555 = 6,570,090
72 Ertze “le from arogs Souf D3 = 7,750,202
] . R . - - .
+2 lomo, 3t. fr>»m oross idn 35, - 6,710,000

3 "eals
) Flaxad G s e 7,512,000
2 Eatze Jte 500 = 7,‘5’1'),7)‘.)':)
2 tomo., 3St. DIty = 6,342,000
4 eaus
:4"* rlexad Lo = 10,900,000
12 atzZ. Ste e = bByLud, 00U
72 1.0m0es 3te oJa = v,160,000

6 -'eai9

vo" Flexad coe = 11,043,000

.o netze 3te CJo = Y Jbud,dUd

38 HOmOe Jle Gi,o = Y,d090,030
6 eaxs

5 ¥laved 6J o = 10,173,200

72 Eomoe 3te 6Jo = Y,429,000
10 "ee¥ks

5 »13xed 675 = 1),952,0.:)

2 HFatn, 3t. Lo o= 10,400,00)

(3

Konoe Bt

*3ubstititad Por 1 vhe 1ad xiftar t-a 13t raak.
*sungtitited for 4 wro diad after the drl T9ak.
"Substituted for ‘4 vno died w{ter the 4th veacg,
Tho3ze subztit.tad e

n

‘a Prom tha o .2 ¢ro33z -3 tha
0ne3 vhoaa ~licn3 Lthey tlo<.
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Tha irre.u1-rities in tha , rashy would ~robavly be
gamoothed out if tin~ had vaprsittad thy couanting of luarcer
rumbarg in eacgh cara, Lovevar, I baliave inz ¢~n~rnl trend
of &ny componant o tan2 blood mayba U irly voll sean by tne
numbers givens f tre 81 pointo plotted uii wut b wera
atide from averages taken froa 1 or worn counta.

Jiseus=zica ¢ Jhat 13 the ¢iuse ol tne e aila? Lo

pogitive unavaer cxn ve Jivon., vertuiniy iV i3 nol duae o
loss of blood b. remorrhiee, s7:idoat:l cultine or the
curpo3deful cultirng vrhen cownts - @ .8ud., 1.1y rarcly

have any blococd clots shewn at clrth on the flexed micoe.
And {P logs of blcod rad rauved =senis at virth, 1t should
ccntinue to maintaln anezin a3 tlood 13 talzan veek aftar
wnax,

A pogsibla cauca i3 thst ~>wr capetice Tacter inhitiis
thn blood formin: crgns during i=ata ‘otal sn! ~arly extra-
utnrinsg 1ife, @ Ah~rle foun? esnrlr rlcod cell=s in tho
circuler sinus ni surrcvniing ~oganeirraa it the 8th dar
efter iranalration. *The bone marrow ba_ins to “unction at
the 1dth 249y of €.t21 Life, but n3:u.es ira virole Lur-ien of
procusin, erstirce,tag A for duns witar bictne Lomo nore
i1a the bleoa foroin, orgins conatnlog 1a.iicrs thy ecceavetion
of ra2d wlcow e2lis wd oo loddn In chn tlexas vl it
sllov vy soracl roduestion it wny ate Lo by ius, avesn o
str Lleal fer anoon Lo cursy dinced (oonce ID Liig (l1ed
e:@ (our proua3y) couner wobn Ulared ULl oL el 1L oue-
vicusiy conr o 8Se only 1n o9 Toesioz, sud curedstion oL LR

R eh Ve RENUE NS iea »ovia 0 dnraen gaca ula own Lo de iso.
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rence, the suiposed .nne for HH?@iHiii racaossivee. Jerii.s
the gnrne 13 ..ot Lha 8 ue 13 tno floxoed cn2u: but linked with
it very closely. .f 415 offa3 ria, fr.n flazed o, flexed
crosses, [ found thrae :-hich Torsa 4..3araatly steusight
tailed 2nd aroal:e At 21 day3 0ld ithay provad to be &ctu&lgx
iy without st:i{fness 1in the t~il or “levuro of siy sort.
i'fare 13 a:5-nia »ithout 30:2tic Flovel t:iil. urthar, sunt
focund 2 mize in ri3 ores3 Syt vhich worn Ulaxed tailed wut
nzraally red at tirth. “ne showed 555 hoic.lo.in und )<
5,632,020 red e~lls, thn otrer 6535 ha.oclonin ni 5,009,000
red c~llz, both bain, fur ~roa the 283 vvorign23 a1t Yirth
of 3Y.4 hemo,loin and 4,587,000 erytvrceyias.  3juch cnsea
su;enet tht flavoed tiil 2t 2pacin (i ht be a1 Lo zlocely
linx2d ;:81~3 vhicn grosgovaryg gcmatimay 3 ardta. It ro-
2°inn to va secn wiatl 2Ar flaxad tail -nld 2weoils are Lae to
tha s pamne, or to closely linand [ cnas.

20 investli utiovn vas MuJe‘tc tigscuver wietier tiore is

any corralation vatrear da.rea 0f {lervure i saverit, of

.

tha “iniiae A11 grives of llezure ware used in outuining
recurias snd 1o gtrixii, corc-lutiony weir: noticed. Lnia
sl ot Le o Lrofitudla topio for resaarch.

Ae Dva fleved toiled now:e is wnedic ot oirth.

ve Thim anein wholly Gisapeoors Ly Lo v w3y of = 0.

ve Jrarn iy v racto trcratan i red dos. ¢~11ls ad

o

hracglovin poreavt (v in the Ylazad cusa tuerin th {1rst

-

four vancky =~ “ta» virthe “roi thern on too siult 1109 tha
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inerease 15 sli ht o Yua strai ht tsilea nmiee chow 1a-
provenent in tn~ rail cell czount alono.

De An increiss in ruavar of vhite enlls 1s cart:in
in each variety, but the ==utn o” ohangs follows no such

ragulsr cour-e s for the erytrnrocytes.






LRI O ¢

Inbreading in the loxad U llad Souse

[ o]
—
[
.
Lo}
.
o
c*
(%%
r ’
e
e
cr
o
C
<
;
)}

£
L
r

.
b
—
.

Suc 0ras Jra Mlaxed (0.3

B e

Cfe wene Wt opl intad tny iue. o osnisetin, silIaraat

tnn curpose oF fixin, it ,Lu3sivle t.eaze il loarorcaege If
inbres. in, couwl. 2stadiisn wifi-ront trus cra-cing vy ses,
tnen thare “culd ba evidownco of nuameroug factors vreilcn woully
tha extent ~ud ty:e ¢ floxure. “re work of intresading

harn resortal ¢.vora thrae _oneraticonse Lhe 113 first
salacted unaer .r. iunt's cugorvision for the sricinnl
aating 1 are c¢~lled the virst (~neoration, thelr cv7pring
ceretituts the ca-0nd g-rreation, n wotirgs Teom snlectad
sezend ponaretion nle2 heve yiolced 2 t:1ird ~ueraticn. A&
few third goner=ati.u mnics have baen snalected 13 .arents, obut
el ~rcduced ne o7 +irg 2t the int~ of rritin,, July 19,
1930, Thra inbreadlr., -ork 2oasernceld Jun £6,188V.

*rogngdura: 3aven tyors ¢f mice ware naingied vich

di"fared sufficiant). from mash other t. be goncidered separuts
gridasze  .re i3 ¢ shwort tellad varioty iIno wnich thy tail is
loss then half the nnLt ci the wiu,e Lt 13 -ugily re-

eo niged ziace Lo normel L o1l 1 wo ul the 3 00 1ot s L e
bedye Whe tiil lon th oo be:, 1engiln uweosenr Lo b2 pesitive=
iy corraiuted.  .ua cthir siz Lodas 0 geperatad o, thne
acount of beiuin, in the tail. flgure [II snows saveral

g of onaci Tnsintlye  Jh@s2 o darawings fnre o: th phrents

red the sec . nd ganarttion offs ri.. tereln wenticned.
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cr ae I 3 no, or +a200 b e, visicle J1o.tre i1a taz
t111 but tre etifliosg is5 razcily felt by cravig, tey Lnil
batraan the trusb andg _ure Fingrre il (oo wmi ol uve
clatrwen foe » roe~2l 2 uwso usloac Loy L il o cre nal aitad
to dia: wvapr tia veortabral fumions,

In Crade II <rve included thesg iza wroon 1 11s show -

cnly one ol1li:ht “1--ura.

ol
2
[E R

or legs3 ‘rum tha usual atrei;ht,

‘g mith other Tlaxurag it b

nn

terizental r1n:rna.

311, ht flavurs i

flared

haid of stout

herizornteY -o03ttictie.

in vl ]l or

.r.

w0 or aore «li ht flexuras wor~ clis3ead g (rnie IIl.
Cno .ronownced 1l1s ure, forming woem trun & . 49,18 with
the 1line the t-=il w.uld huve [formed h=a It beea extacded

strel, kt cut fr.m the tuse, is
L0st cumacn grous is Grrnue Ve nere

iea with © or nora nronounced flexures fu

Crade vI 1ag the pro

a suir«l loosely or tightly colled.

tha corzeasrer tuile
Thasa ;rade3 re usudlly distin

inl]l =

ona esn 2t 1niat » thort t:1lad

savartl pro.ounnad “levuran, Y2t no

LTin,

hownver, by

tha “anl 2an b ~t=si, . hiared Cat

2

whan the wra-3upa ig ranovei. I? th

animtl 2an. 0t b~

a3 flexad,

scnsicared

nrg ttneraod

“trai htannd in 11

Graxdo IV, Che

1those

inoiv tallse.

:rulel chzracteristic of tha pls il

S0 ity k2 cailed

b-lia;nai_.}_{) wt wirth,

wulan fr.on a2 vith
311 €239 {3 Apzerent:

it a7 bo Tea =hkether
1L deany ot rocoonur

2 4311 of = re<born

it 13 recordad

1 manrer,






“or e¥au 13 v cusn ~ithw cog il vu Tl pen, 1T thar s

nore T o0 read

]

of rung Ve frodaes TL an I
vola. _na8 c¢uuli -ornstriet a aoriag ~itre b ~ronulnead
brenks, boagln:.ing vith no visible (lavure = o 3mall
er2daticns arrive {4 8 pronouncad CUr<i3CriIve

w2trods 0f lreedin. : The matin, cuges wara Inscected
twice a veck for pregna.t feuiles. Jhase vera lsolztad
in se:irats cace3 7o the ials of oirth i _ht ba Founi uy
loouing at the famule esch day until tha 1ittar w+3 Lorn,
At lutervala of three days aftoc uvirtn Lho Iittar vag cneci=-
ad to sae wran de:tm3 occurrade “hen tha youn_ vera £l to
25 day3 o0ld 'h~r -other was re.cved from the~ »n returnad to
tha breadin. ci As Tha littar wan  riaded a«ni rarorded
usu:lly ~hen th> .olhar wia3 rauoved.s N visr o7 thn txil,
gonatimes tvo viar3 {¥ tra flaxursns Tﬁra in #1¢frant poleones,
wis3 drawn tinl the 827 ni 2olor of e:ch m2u"9 racordeds A
marxk *Aa3 placad -cro-3 tha druwirng of eanh t2fl at the
farthasxt roint frcm th? toiy to kich the 5tif 1933 oxtond-
ed, becnhulr it waez ~ossivbla trit I i ht 3ubes@ntly nead
to reclui=if, t21il3 accor:ing Lo the zuourpt o tifusges
tind, nuds 3fav-pca dwy be wde to i uwre ITI rvhere the
09rs<y 4ra «hosn on th? gictures oi thy tilu.

srow these ov.lfs.ria, =aera choesen iga of thy swe _r de
a3 the pureats 1o brazed = row gonerativne wrethors were

always wuated with gsisters. Jeveral tiaes I nave _otained






nalag 1ike the srncestore but ne Tamalag Lo mata with theans,
£rd viea veorss, Linee flarei lea freom thae gonaral stooeX
gaer to trani? Jpzs penid]le thin 20m3 popeasl niza, crly tha
Feulthy o7f: rirn, ~ez:ed wesgir ble te pout [ -aw tion por-

ajtse .or tbkic re 2o §

I

agne catinee tras o iula huve
inly ore o0 1o ol tiie 1at jacersticr, Yool tra ahort o
t:ilad variayy, e ~tariles . youn, Lowes .o Jisat auted,
378 Kl no rittar or guve wig Clga ¢F pregnooae. for itne
yarr ¢f tha er.orclinpate 411 of the cothner ol £4.:1leg had cue
or aore litters, t o ona huvin. five ittars "ilad to ruice

any of tham €o 21 2:y3 of = e.

Prograsd:s e Jahle ITLD sr2 tha .ruins o0 tha puaroats

- v W s o e a8

ard the offs-rin. ¢f tha firat a1l sac . nl [a.yravion ouiauis

r

%)
¢
5]

dried By . r2ia,  na Pir3t vartiscal el on tha laft

—
) o
(*7}

ts

>

hl 2 ~ . N . .
Fa anra g0l sradai, 1riin, werizonts

1v 1o tha

~

right of s-yg ore vaia, 2ma 2-n 273 hor tha ¢ anring of

that (rady wars sorezd nacn,

: [

tha variour  ridn3e  Jotics
roda I, Thrra vara 6Y offsaorin. freon five f.:7123 X one —
milae Seﬁon vars of Trnda I 1iks the- hmréhis. thrang of
Crade 11, 2i_ht ¢ Crida TII,. nins o Craia IV, thirty-zaven
cf Jrzan V, four in Cruda VI end <p2 srorct 1:il=tle nly llel.
oce 1ikx: th- sovonise  Jevarn offsprin, of {003 11 ,%renté
brlopgnd 0 Ziouoe I or lildse Sevartaszn of ti- Uredia [I1
offsirin. btolern 3l to taa 2uTrAant Tl rCin Of L.el e GLWu0 [V
121324 15 sroodz IV nize cut of ai_ntre-six oifasriag

or 1GeG,se Cr d2 V uitinea yielued 4% Grida V oiiea cut of
i






perceuta e i{vun. in uny greup. Grade VI puarants hud eleven
cordacrew dffdprinc or &7.0,0 01 Lne forty wice fruuw tue
Crosise

“ha :istributions c¢f tha ¢frsprin, have been plotted
in Figure IVe It will ve ucticed tinnt parents with th>
came grade of flexure hafo ¢ife rin, ¢f 11 th~ diffarant

Erndese For evaenple, the 1line for th-: offe;

b

ring of Crode I
porants eccrnis quite re ulurly tc the 1cie nt Crade V.
Thare ware cnly <aven sacond g n~rraticn sleca 1ika thelir
parants 2n! sixty-two unlike thome Crade V =wurantg sroduc=-
od fcrty-ninn xice ¢t Cride V and fourty-on~ gnran! among
t*s other . riup3.

In =ome c2303 the , Tarnring tanl tc resesnle the rarents
Tore ofte: thin sote A high rads ¢f {12 urd croaned with

2 high crade yi=21ds Lore uice with jrciouncsas flexure thun

(<)

vith 1i.tt floiuraes Jhers are wore o:fsiriug of low g+ de

1
2

v

«

han tra purents 4ra lu¥ crudae. wowdlderise 21l out the short
tiil28 group, Crudea I tu Ii{I auy va c¢li:sea =3 low fiexure
und IV to VI a3 high flexuree 19 tavly brlow Lias the
cflauring pcouped inlo lovw (rdved i nich (riwies, wn. tho
rareenta the 1low «n: ki D (rades are of thn totel offsoring.

- ) . LR r~ < L ,. 3 - "i‘ 1 . ".6 72 7
It 1> notizad t¥at 07 tha Ul 1o ¢r de oiiad.ilng Db Or LJIeT

1pa Trom the low orpdis gcussas Snila twey 1o rade crosses

(¢]

£°¥a CLly 45.60 6f th2 toi:l uif:uuring. 2o the ¢.nclusion

Lr2ie ica irom low gruce parants luun froa kidh (rade.

low .ride cruases rouli n:va yiel.usd only

&
M
Y
D
g
[ id
u
@
c*
g
W

about 49~ of tne low gruue offauring insteud of 63, as tna, dld.
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Offarnring of 7irst Goneraticn arants

e n e T e e e G e e a Th Gk e e o O - E G G e e S e e e e O " G s G e e B e

Grais of Tara~tg : fraig ¢f (TP rin
(I3t Couer:ilon) : T2ad Tarnr tion
! ' Low ' iigh
""" e e it utebatataly Ittt bialotats
Ilow ' I ' 18 = Z3.6 o5 = 135,
! ' ]
Crade y 11 ' 16 = 4l.95 ' 25 = BH.l;
' ] [}
- ' ! o - T~ LA AN i 2
Crcagas v ITX ' 22 = 33,7, X5 ®m $3.3.,5
- 0 A Gp e T G W B . '-----“.‘------ '-—----------‘-”----&--’-“----_--.
b T o ' < )
Bl h IV ; 16 = 1682 1 o9 = tlddo
! ! 1
Grude oy ! 7= 6.y, ! T2 =5l
) ] '
. ' ' . o -
crossesy ' VI ' 10 2 &wedo  , &3 = 7540,
! ! - —_
' 1 . : -
Toutsl ! ! 91 : 4
t ] '
' ' ]

“urning our attanticn to the high gride orousages wa find
that 60, of the v1.h grade offs.rin, canz fr.ou hich graae
crosies. .hen we notea trat frova th» high _rile crosses caae
5444 5 of tha total o®fgnring we awy conclude thst the off-
gnaring of hi,h ¢rvds crcsses tend to have pronouncad flaxur-
@3 or3 often th-n sli_ht flarures,.

Howevar, hi, h ;. rales of flaxurs to:1 to < 9p~ar ucre
frejuantly than lov praisq =hathar the ourents <ra hi:h
craila cr low gsrale. In Crzie I crossas, thosa with vary
311 ht or no flexure, ther~ vers 37 ofrs rin. with t-o or
zore »ronounced fleaxuras - ni ouly seven of tha nwue crade
a3 tha carantg; t era wera lo iow . rude asd 5) ki h grude
mise fr.m Crade I mutings. Crade [I crousses yizlaed lu
low gruie and £5 hi_h crode offaerringe Cride III crosses
y1isld 2% low .rude nnd &b hi_h crads ¢ffairin_e .8farzuce

to tha t.bla on pr:.o 65 will convinca wvna thet tno rich
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grades ara ,reutly in excass of the low prudies. 75.7,0
of 1l tha offspurin. of thn six types of orossss fall in
th3 thrae hi haast gradaes,.

Thus far, tha a ord ﬁailed variety Lkog ot beeu conu=
glderade Cruda I crosse’s peve only onoy short tauiled vut of
9, Gradé Il, cu3 ~ut of &4 mud Crude IV, uns out of ubd.
Loth Grade V .arents =ni ghort t=i1lad sreuts yielded
ejual numovers ¢f chort tziled offsprin., c¢leven in each
group of m tirngs. 1%.£,0 of Crade V «ffoprin, vero short
tz1leds 23.% 5 0° th> offssring of short t-iisd narents
vere 1ika thozceclves, This suggests the possibility that
after = rumbor of gererations short tuil, like “loved toil,
w'll brasd true. Tho the 3rd gerer<tion numbera nre small,
thay zenfirm thi- uaﬂiciun-for of 25 grog~ry of ~hort
tniled pererts 12 ere =hort tuilad, or 46 %

Tavle ITII euntuins & roport ¢en Crd gserarvtion mice
£1sGe :'0llovin, the vlun vn pree 33 0f grotpging hi_h snd
low ¢reces together, t¥o followin, teable i3 unde:

Cffsirin, of Secind Csu2araticn Iarcuts
Crads or tsrzrvt

(<r.d Cener=ticn)

_—————— - - ——————— -..il.--...._....-....--_....-_...._. .............
X ' Low : ki h
--------- b Andadiaiiad el oS Sindiaddiadiadied slialietbeaibaibaibataiiadiiiad i aliatiabadbadb it adhaibadbedatbe it
Low S : 5 | 1
: : :
Credes : II ! 1 I 3
]
| L] i
11T ! ; 3
.---------‘L-----—--------0--‘---------------'ﬁ----Q----------.
Eigh S i : 4
[} [}
[}
Crndes | ¥ f 6 E 44
1 | '
V1 l —_— 7 _—
: : '
Totals : : 12 | £5
|






Irbreeding in tha

the tende:ncy for tho low
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segond genoraticn seex3 to inorease

prtdas a2:.d high gredes %o breed

trues Among the 3rd ganerution :ic2 -roducoi b the Tirst
three para:tel gr:ies, 81X ure of low rad~, seven of hilgh
erida,  fmong second geraration tee fr o2 Low prnde rnarents,

LY

B8 vwere low ral

the lo™ gr=i:«

ona low

the third goenerution,

If futurs r

thas foraer, bafore

parenrts o

ernda to t-o

il

9 23 11l¢ *i;h ;r2doe ituatad in 2 ratio,

th2 £nd generiticn .ica hava ab.ut

crude offg-ring:

i, h tva psrents of
abo.t ore 1low grida Lo ona kRigh rade,

3 sentinae (L 1 urove o5 thy sittr has over

wtiny cener.iiony low _oada rice viil

Lava culy lovw erue',ffz riige

Suapare the second tno teira gioveruticn degcenuunta of
the ni h grude ¢eru:sase Lhere ure 3 10:. g¢ur-48 _ilce 1o
171 righ grede wicee frow Llgh ¢rads ,ureuts io the secund
cenarztion, €e.S5 ¢f tiese ere high ¢(rudes fis:ring of

high grude secerd gconerxtion

45 hi h grrndie;

fnrrovenrent is
Lol
th.’.'u‘- ol

ed rg the

“ertterzore

low

streoi_rt toilal

Poatright

)

g M_LoovlD vri

nitn flesod.

tibet » 0L the-a
indicuted. .
ervticn ollov
low groes

«1qount of

Is invizatnagd

¥lrwiol

..ice wore gix lcw prade to

wre hipgh gricdaes 4 s8li ht

o 20511 numncore in the ord

usz te -ronpclude rothing, outl it looks as

srd bigk grodes ¢f Yloxure oty becoema fixe

inbrecdin, incresses,

trat higkh Tle ura tonds o soninita uver

by braaiin, e- artna. ts ~{inh .~ rontly

ice rhier »uve cma froa flaxad . :rents,

3 L iled oLt .1 5y nLorve tifyin, factors
y woula toesos, o, Jucboooyu, ati., wien vred






Qecourre co of strel;wt T-11ed Tizn Fr.om dlawed _urents:

——

Cut o7 652 ica rail:ed fria fleved by flaxed .atings Hiy —
vere flexed tailed but & vere stiriight toiled with .o gtiff
arars in the t211e "hotn trnran cerit lavestiontiones 11
~ara m5l183e ne fFavela ha3 Been cuservad 3incd ihe tiree
meley marg found, ¢ thilz cuterepnring of atr- i, V4 £ 41 in

£l2ved motirgs 13 not linited te muleszs 'sle 125 13 from

.)“

Gre?a IT parecrte, thoge vith ome all . ht Tlew.re jn th- tuiil,

and bt2lcn, ire to tre iirst penerations. ..512 1.1 ¢aune

Fe

frea Crade I porents of the first geaerttion. ..ula @}49
i3 derived fr.m  r=:tg8 0f the first go.erstica ith two our
more =11, ,ht fie;uras in th: tile 10 ctifineas can te felt
in thalyr tnile; from 2l appearancesg they sara norazl zics
gzce T thut nll wara nmraetio wt pirth 04 v2ra Ccousidered
thar a3 stroigcht t2iied or duwbtfully fie ade

Thong aunnrantly stral.ht ltalled mice are qouatie:l §y &
flaxed, Othar mic2 believed to be homozy, cus gtrai ht taile
ed, when co03sad with flouwed hove yinldeld sir:i ht t:iiled
mica, (agoin with t ran aszce ticna out of 455 ica raisad
by unt onl Ceraar (1) )e If thase three :1ules 2pra homozy-

)

goud str 1,ht tailed thay should yiali rwen c-~0-32d onto

flaved corly atr-i, vt ofPaoricge “ut they v vy to iate

hed cnly fleved off ringe If thay warn hatarcmyy.ocus streai ts,
trey shoulil hava ab ut one fla.ed to 1.54 stroi.’t offsnring
(Eunt's ratio for 2 bosveroas of Fp str 1ent by flexed) 1if
mited 1o flexed f2:3lene Lut they hiva .l cnly {l2.ed cif-

snring whon sov miatad.  ale f1ed x flaxed fou lesa 71id =nd

2124 ylelded =0 off: rl:sg, 112xed it virthe Jhe only one to
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live €1 days v53 d2finitaly Tlaxed a»t thit ¢f &, “alas 7181
x flaved foaale ,1c2 yielded 11 youn, - hicgn v3eca flaxad -t
tirth; the four «liva ut 1 anys were highly {lexad, lince
theszo sppsrscily str i Rkt t+iled .ice n ve -rod.ced cnly
2lozel cif3 ring Y“u:an crusded wiiln fFieuwsd Lk ¢l v3 cin-
sidered genctieuily lo<ad,

hile thincding cut nis slexad stoci c.,?3 i vete 18,
1oy, .re Lunt I.una five .alea . ich 5o ded Lo e strai ht tall-
6d, two .:ilys ~nua tiree few:.luse A suw.ur, ol wreeding ex-
perigents with thksm 13 suggestive £ltho uno enniot be 2b-
solutely sure of tielr pureutige. Lnree 1y e3 of erocses
vars aude. The Tirat tyce was a w2tirg batwear o stroi ht
male feurnd in ths €lered stock cupes =nd throa streicht
fonalea, also fron “lexad stoek ecwn4, (2rcizses 28a,b,c)
which yleldaed tan strai ht off=ecring and 17 fl-xa:. offspring.
Zach fr:aule yielded bothn flexed r'nd 3truigrt cffsnring. For
the sécdnd kind of c 033 I took ons of tha str:i %t ~nles
de3cer.ded frum tha first tyse of croa3 (onn cf 412 ton strai_ht
offspring of orcssas £81a,b,6) and .nated him s ith {0 “lexed
faznnlea, ovtuining eaight florei offsrringe vildently the
wile va3 garaticeilly flered, tho szparectly strii -t tallad,
Finally, I sated ths cther strz2i ht zule found Ly ire runt
in the Jlaxed stuex cagas vitn tvo 1l:xe. feo.:leg; this
Jsieluad 17 Zinxay Jifcpringe Jince streignt is dominont the
mtlo augt huve currie: flexed factors or all of hia offsyring

would have been stroight t.iled.






Zarhi .9 we ure runsiin, 1pve low greue uy 1ow (rouae ahitings
ia c¢rosses LuLa,0,0e L3 Crusges Livd: l:ite? rotio ui low
to kicn (if tha t-ils witrout flovere o0 o stiifuqss wy
ba ccusldared =3 ¢ 1ow oo=u8je This ratlo vas approximeted

o7 first g:nera=-

"3
=0
[l

E§:11¢ for the sesint ¢ nerxtion offs
tion lov ¢rede .ice. _.me &t longt of 1nnaea = rare. tly
gtrat; "t offs rin, frm th~ :fca ¥ und in fiavxed stock c2eez,
w1l penatictily “lewrad for he ¢ va 11l Flaved offsuring

wran ntad Ly pronouncaedly flexad 7en~lesg.

“ho groatic exnlinntion 0+ “laved t:iled

mica 18 not evilents ha (r2iation frem low fto hich degreers
of “lnxure sug aats 1 aase of maltinle ¥ ctora which modify
trha da.ree 0 flexure. re cunt s8ugerats the folloving
bry~cthaz1i3, ifa farlg thut‘ilay@d is 7 s1::1a roacessiva to
nornil, but thet thr cegrea of (laxure i3 odified b. secound-
Ary subgidicry ficterse Lot ¥ repraaect the wgetor for strui ot
tall sno £ oL ¢tor_1ur flaxsa t=il, . 10xsd X stiruight
(t£x0) yl2la stral, ht U;f%yLLﬂco (rf) sLoxed - flexed

(£ x tf) yizli “1rved oifaring (£f)e ut 3averal awowinsat
f12t0ors wacrn . L aarEg o1 tlexure nd 1l 04 th2a must
by rreaent to sroducs A wargad reaulte 08t of the low

erade parents Aare £P Aa3blel.d, therafcra, 5l out of avery

255 of¥anrin, of lox grada varants should h-ve ABCL, Or 3% 5.
Tha t~bla oa paga 33 ghowa that “hera the arants are of

lo7 yr3is 345 0° tha ~Tfapring (5: out o” 171) are low grade.
Rich griie pareats zarry a variabla numher 07 ‘{ha *:bove
d~min"nt factors, but rever uns frum e:zh peir. '‘hus soms

of tha offaprin, will ba ALLD, but not nus nny a3 smon, the
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offsrrl i, ¢of low _rad2 pirontoe £L AANZLCS T Or semsthing

aizfilar algnt ka3 2 flawel <1zl sonntic 11y stroighte

Sagresatiorn in thy F fesnr.ticon 2y Toraclly bo raecon-

o

I}

cilad ~ith the viaz that zrnn o~ iy T £-2tor3 13 2cnicnhruisd.

[&]

fernnr's rotic i3 7.80 gtrsi nt ¢ 1020 flrvan with 1305 2,
enin lgse nuut's ritic i3 S.2F 3trai ht ¢ 1420 flaved ~ith
ved O, animtilse  co3s3ioly 2a7ironcnoentil irnticitors sra oo uoing

&,
guar caeatice:lly fla ad offa:ris. to ap, 2ip 2traighte & nofaal
~2naelica ratio of o:1 sight ©a ¢k oneed to u:l (wkich i3 sicisur
1o 0.9%:1) by ccar u_2ney inereusing tre =erly sort:litvy of
flerad wicee Jhe Quzold at LLvin oy cudsuiiute SuCn . ° (ALC,
Sowe force b ok L7 L2 koo line wice whleh =ra cenetliceszlly

ilered froa *poenring so, 43 wrra the Lhree .ales found in

oo

-~

flevnd ¥ fle-e1 ccsuese Y2t threa cul o7 .ver 5JJ) could

agearerly neee suen a2 difler2.ce in the rotio for 1000 ol asle,

16
v

’

L1y mgorcy rich keeps ofToorin. ¢f “l1orad 12413 ‘rom ot Chr-

in:, fiexed could vork #ua ~f7icirrtly in kee 1n, “levad P, nice
&

frean ro lng theair» Tlaed chi.raetae, vicege flavad nice in 2jithac
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FIGURE I
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FIGURZ III

Grade I. Lo, or salmost no, visible flexure. Jstiffness easily
detected in the t2il. All views from right side.
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Grade V. Two or more pronounced flexures in th:s tail.
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Numbers of Offspring

FIGURE IV
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