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1673 J. Swerrerder.

Discovzred herrephrcditism in trecils.

1674 Lolodlcl.

P
r
=
(
[\g]
o
<
(]
o
Q
e
(97
@]
(—L
ACL\
—
|,_ B
<
p,
(@]
"
o
L
[N
b
N
[
O
ko
[
[
[
ct

tigsue erd wew ti2 ITiret to ezpl; lhe wmicroccone 1O

botl: plent snd crndliel Licui 2.

10706 aviclprn dacolb Cererius.

NS XS]

Tre true Glscoveocer 0o gex in

L
y]
9

e wes tre flrst e Loge Lis aviaonce? wu exgori 2nts.

<

1077 anting von Leouioni oci.
Jigceeverer o spornctoezes nu orulvioa lie
4

S a4 e e - i P = 48 <41 - i P
LISV IWdoa &l 2ute L eevence 1n vz Lecry oL r2iro-

suction.

1081 Sir Thicras Lillinatca.

tarens 1.0

rr

e tle Zicet Lo cloin for thos

b 4 o d B 2 o PR P ~ P 4 - * , IR RN
c:aerece:r C rels ¢reane O [ RTAr- SR G & N B 0 i\'lc:llut.
- - P ..

Lot 4 e e UL 2C1ULS

sisccvered ltee exictonce (O LCacaciony ok

well ey Giozclous pleinte, end iz need of polline-

fectieno e 2eis discoveraed iu plont licee



- ., T
197 t :
1701 Jlre . aCillali nCoarular.

Iroduccd hyiridd sriificleal), snd vloorved

- 4 N T TP Coam s e RN [
lLiet oo crorociare o bothr Lorentd wso Jouna L
o - JRR: .

“i @ LVLIE I .

17¢1 CLTUCI: Ee

. a4t

Digcoveraed 1.z nucla2us s o

/ B e ] <4 . o4 - - e -, el
i L O PreelOTLlev, ¢..0 ¢V e Turervaln 0X
. e e a4 e A -
Louaett veg tie Jirel VO _rectice eotlliclel
strtienc-erneo1is,.
DN ~ ~.
1&el gQEC e
secre~ut Trocrelend DfLG.
- .
l&.é\') 4.1 Cloe
< < B e . - 2 R IR - ~
Q& UL ¢ LbLluH T2 Cil vl gt;ghq S L B Ue

14 ~revecst et Dunes.

alvernced g 2.0 treor; o Jsotilisoticd, e

&s tne Llret rosl cavence? <Llo02 orellienzlie

BRSHAS) Irenendicscte

woried cov otec Zoomoitien ¢ e polien tubes,



lcdu andci
LoD A Cult o vre conrer o2 iz solian tubes il

the wey - tiiz covulos.

in tle tissae colles of rievrocoasiig.
2 S T

169 D JETGLTie
~ bl LA 1) - - -~ el
Jeve Lle2 roee "serccde™ 1o tie protoplesi. of

tlhe vnicellulser ciirsia gtudied 1, Lir.

1e38¢6 selttlides Jaccol CScelizicel..
AN . . LN , ea o~ . [ . oy« - .
JeEve us Lie Jlcet ocol oprveneonsiva tros bient O

tre crll, €nd tre feroovion of o delinite czll trecory
in ylautd.
1806 THOOWOT oGl

Cu 20e 0l wCiEilie

~

—stellicvned the Zeet thet tie ovun 1s & coll,

1

T N - 3 S 2 Ly S i R e PPN ¢ - A
revive: tre gele esgciticl structures cg 1r& clier

lesdu Je ur . inje.

4

VRO apo

srovoslesn 1o tie for: etive

[N
w
}—-
e
[¢9)
foN)
s
i
)]

gubetanc: of *le Jouna oilrel &0 LU 0.

lg4l w0lliicere.
venongtrelad 1let tie gowrretezos eries direetly

fron. cells in tie testec.



le4is sisc.olf.
"

aavenerd e e ntect tioory

L 4 - - -~ re e : 3 :
Vizy tiol U2 v_cr.oetclce Li= clow:

1649 uzo ven L.ci:le
Anpiied e oo proeloplusl. o
cucstancs witiin tiie ¢uil Jellse

T

ReceTnlzed tiav cnlls wrl

a

s - WY A - e N L 3. -
WeEB Lz L1rlcU Ve oarecelive thst

Wwes a nitoessious suinctancz.

4]






1€49 Leuc=zcrt.
SLw the ¢ errctoLca enter tre frox's egg in

tilie vrocess ot fertilizetlicn.

1649 Jartn-r.

wveixuelit, coenfirred iIn ¢ lerme nw.ter of

o

plents.

1gbl Biccroff.
Togetrer with Allen LYLompscn preved that
fertilizsticn ie eccoenplished by thie scetuel

2ntrance ¢ tie sper:eterzoa inte 1o e~ 3.

1681 rofieicter.

~epleced the cla daiglincticn ol eliterrclicn
cf genercliion teegod ugcn tre reti.cds ¢ ropreducticne.
ohcwved the existence of two 1life c¢ycles. Distin-

suished between & spore beering gernereiicn end sn-

ctier v:icn e.riblts gexuel reproducticne.

1663 Dziercn.
vemonstreted thet In thie henc bee tlhe males

eiways c.ne frum e uniLpre-nicted eg>s, wiile ihe

1854 Thuret.
Lescrited tre sexucl gc¢t in ucus. Wss o

step in tlie knowledre of fertilizeticne






1ECY irigshein.
Confirred tliie work o Thuret wiein l.e gew 1ihe
Lele crgen o fresi. weter slgece penetrete iuto tie
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sutetece O tie

©
oQ

g7 tud be cissclvead in it.

16E8 Vircrcw. <", -

saintei2d tre univerieiitys of cell diviesion.

oupporteu by tlie woras ol ctiers meinteined
the law of ~eonotic covtisuit; ¢f celle in tie since

fercue sprorisn "o.iie celluls e celliuls".

165€ De Zary.

Descrited ti2 gezxuel ect u tl.2 Conjusetee.

18vl Gerorbeur.
Vortebrete ez proved ¢ e v sinsle cell.

1601 i.olreutcr.

Fownd tie curarecters of both parents in the

1Eud iiolliker.
Gave tle neue "ecytople-sm"™ to tre protcplausnic

ground substc:iice @s opposed to trne granules.

1803 lax Schulze.

sstebiisred tre foet thoet protoplasi is the






vitel srinciple of anirngl cnd veseteh: o Lifc.
Thet tie protepleer. of tie boteniets cud tie
sarco e 01 the eninwli _usicloricts is the scule
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18v5 aregory i.eudele

s8teblicncd the two so-celled Lews ol [ enael,

viz;

hie lew of diuwinance, end

Tre splittine ¢l the Lybrid rece.
leul wOlliker.

dpplied the reie "cell ssp" to tie nore liguid
grcund subetence of tie nuclecus.
1608 Schweigzer-veidel
La Velette ot. ueorge.
froved sirultaneously tlst tle sperratczos
v 1Y
is & ccrmplete c¢ell, cecngistine of & nucleus cnd

cytoplest, &nd hecice ¢f tle sero meroyhcio~ical

nature ¢ tre cvulie

1860 Eackal.
sxpressed the visw tiet "The internsl nuclisus

provides for the trencmiscion of hereditary cher-

scters”.

1607 Eildebr:ndte.
Cbserved tist In croscsing maize tiest thLe

enbryo w8 kyorid, esiia tie tie endospern showed

ci.aracters urover 1o esch of the pareats.
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16t CelaiCveilye.
LVictinguisied twe diiffersnt winds c¢f Llife

cycle end &golied the nenes "protopn;t" cind "sntiphyt"
to tie tio plesce ne.es rapleced leter by FsLetophjte

annd Sporopryte.

1872 Zutschli.
Gouserved in li.e ez~ of & nerstcde tiie &.proech
ennd contect of tvwo structures, viich we r.ow know

to be tie germ nuclei.

1875 anton ochneider.

fublishied werus tict geve us a better insight
into the process of cell divieicne. lxpleined the
diff-rence in ccneistency in tie reticuler hypotlecis
of cell protoplseen, end suzcssted & birainz szeney

for tre differenst xinds o protople<ni. reconnizede.

1678 o verming.
Gave the first scccunt ol the snstcricsal

developrnzent ¢if tle stanen.

1674 Auerbachi.
vescritbted tne sspecrence of two nuclei st

the oppogite ends ¢l tlhe elonzeted ezg of Rhsbdites.

1875 otresburzer.
Called tne tiickening of the spidle of fibres

from whicl. the pertiticn well srices durirg the






divisicn of plcnt cells, ths "cell pluate”.

1675 Mlerninge.
9
Tre ninute body detected &t tne spindle
poleg, ena fcund to be &n iuseperegble conpsnion of

tiie sninel cells Le cslled tie "cantrosone”.

1875 Usker liertwige.

Observed end described correctly for tlLe
first tire the process of fertilizetion.

Later. IHeuched tle conclucicn tret ferti-
lizstion ccneists in the union of the male &nd

fen.ele pronuclei.

1875 sduoerd vail Bcriedens
Obgerved in the rauvbits egg tue fusicn of

two nuclei before cleavege.

1675 pir Francis Gsltone.

2ublished nis lew ¢of Ancestrel teredity.

1870 Fol.
Ubserved the deteils c¢f penetrsiicn of
the sperrsato-osa with & clesriess that Las never
been surpsssed for these Iforuse.
Gave the first correct account of the matu-
ration divisions, e¢nd crigin of the egg nuclcus.
Gave specisl sttenticn to tlhe fertilizaticn

r.ecbrene esnd founded the clsssic theory thet it was






enn sdaptaticn Lo prevent polyspernye.
das lle first onec 10 scdecuctely precent the

harr.ful effects of polyspernye

1877 Plerming.
Discovered and naned the chrorietin bodies in

the nucleus now known ss "chroroccres".

1e77 Iol.
Cbserved and describod ii:e occurence o1 the

arprhiasster.

1878 Ge Lertwige.
I"irst obtserved tle epprcacihh ¢end union of the

egz wnd scern nuclei.

1676 Plerriinge.
ohowed tI.e existence of & centroscLe in ani-
mels, snd in edditicn outlined the wnole schene of

witosgis &8s we now kncw ite.

1878 KXlein.
Discovered tiie presence of & nucleer membrane

cseperating it froem tlie rest of the cell.

1879 Flermning.
Gave tle neme "chroretin" to the deeply
staining substance cf the rnucleer net work, end of

tke chrorosores ccengistineg of nuclein.
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1679 Sciuitze
Ubserved in the Bpirogyra the fusicn ol the

egs &nd eperr. nuclei.

1879 Flenrringe.

Discoveored thst thie chrconoscres arreaze
treingelves in tn2 eyustcrial plete of tlie €pindle,
aid each plits longitudinully in twoe. JYhis was

cenfirmed by Xetzins in 1681,

166V

Ubscrved tist "The chronetin net work is con-
verted intc a thresd wiich wretler centinuous or
discentinucus spnlite tnrcughout its euntire iength

<

into i1wo exactly equivalent relves.

1661 Focke.
Geve the newe "xenia" to the phenouenon dis-

covered Ly Fildebrandt in 1897.

1882 Strssbureger.
Gave the nere "cytoplssrm" to the substsace

of tlLe cell as o.posed tc tret of the nucleus.

1E86e Plenning.
apoplied the name "dispirken to tuast stase
of witoecis in wilclh esch deughter nucleus Las Ziven

rise to & spirerne.
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Was also ¢bie to extend Virchow's aphorisn

to the nucleus elec, "onnis nucleus e sucleo”.

~

l.eie obeg~rvations ¢n ¢occics wi.cg2 cnro..osoLes

l

silow gpecific und ccenetent aiflicrencae In ¢ize end
Srape. furnisihea nuct. evidsrnces for twe lndepcudent

existerice of tuese vodiese.

lobe rZitzner.

olowed thet the eplitiinz cf tle chromncscres
in tl.e eguvetoriel pleste wee cnly lie reau.cerence
of ¢ sclit in the spirere trreed, znd wes due to s

corresponaina divisicn o each ol the 1wo chroneatin

grenules.

1883 Reuxe
rointed out that the daughter nuclei receive
rrecisely equivelent porticns of chronetin frow the

moti.er rnucleus.

1883 Ze ven Dleneden.
f'irst descrited & proces: of ritosis znd

a.nlied the tern "reduction - divisions™ to it.

1684 stresburger.
liamed the four »eriods in mitosis, viz;

—~

l. Zrrophese; o ILetegnece;, &. asanaplsse;

4. Telophece.
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1685 x&eble.
Concludea tiet the clircroscr.aes do net loce
tleir idertity et the tiie ¢l their Jdivieicn, but

wereist in the chronetic rotievlun: o0f ti:e nucleus.

Py

1687 Menninz.

'es tle Tirst to nere ¢nd descrite “ic first
stere OF Lwtursticon dlvisicie, ¢nd celrica 1V lnie
]

"heteroty ic divisicn"™ becouss of tic reduction in

tre nwib-r of tre CchriLO0SiLEeS.

1687 sernuertaz.
onowed tue existence ¢ linin thresds in the

restinT nucleus.

16867 Eugo ve Vries.

Liscovered nutsticns in tre =Zvenin? Ifrinrose.

1887 Z. ven Beneden.

Pound in the fertilized cvu end blsstcrneres
of aAsceris l.egclocepiials, gt the poies of tlhe nuclcar
8pindle, definite splieres cscl: vith & dense ceriilsr,
wl.ich he ccrnsidered es pernencnt cell orgens in
connecticn with the nucleus, «nd celled ticie epleres

"attrectiin soh-res”.

1687 Theodor Dovaerie
Cbeerved tiet tue a&tilrectiin sphere Juo occu-

yled by & wminute bedy. Ile called trnis dsvru contrsl






15

body tie "certroccrnae". leveri ¢id ven heneuen ve-

zerded itie centrescn e e il oondy irnitictine the

divisicn ol ti2 c¢s3il buu), bul tecetl ¢F tie chrocctin

&l1c0.

Uypothese™ wes out forth

[0

The "Individuslitets
Ly soveri in 'E€7 &g . result of C. Zegbl's observa-
tion on the epithelicl cell ¢f the sclsrender in
'65. wes loiter supported by severel prowinent in-

vastizetors.

1667 Ceker lertwige.

Initisted tiie modern poriod in the puysiclogy
of fertilizeticn, involviug twe ccisidereticns, viz,

I’ne direct experinental crialysis of the Terti-
lizetion process itecelf, end

The gtterpt to initiste tlie ecticn of tle
8perr.eic 08 bty cuenicsl gnd onyeicel crencinse, or,

in trief, tie studiec cn srtificial pertienoaeincais.

1688 Theodor Zoverie.

The forrgticn o lne reticulun in the telc-
pl:éses und its behavior in tie progheics lssd to
tue identilicellon of tie so-cegiled "unit reticulsa”

aerivad fron the giliizlc chron.oscras.

1&&8 Weldeyer.
gave trne ncle "cLrowmoson.es™ to tue deeply

Steining bodics ¢l tle contrectew spire.e.
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1689y Eugc De Vries.
fubliskhed .18 treory of Intercclluliwr

fengeriesis.

16vl Eo Lenliii g
Discoverea & deecly steaining bedy in tlhe

growth gerieod of the prirer; s.eriectocyte cof

Jyrrocoris, «nd its unequel distributicn in the
scccrna Givision, Jhiere by c¢ne sperrctozcea receive
cne nore chwrcketin elenont tuen the otler, nd were

tlierefore dirorpliic in respect to the nwlt~r of

cLronoscr.es.

1891 lenming.
PMirst fcund ettraction spheree snd centroscmes
in the restin~ stezes of leucocjtes, c¢nd in the epi-

theliel cells of the lungzs of the sclsnander.

le¢l suignerde.
ound sttrsction spheres «nd centroscres in
tle restine steme end mitosis, in reproductive vegze-

tetive cellse.

18¢c Hacker.
appliea tie teri "bivelent" to the chromctin

rods represervtiug two chrcerosormess joined end to end.

1692 Butschlie.

Was tle first to emphassize the fact thut proto-



a

plest. is & corplex structure. =1 U s tine sutechli

gdvenced ;is "Foen Yheory".

lovs Ce liertwig.

Considersd thet ti2 nucleus is tiie beesrer of
(horedityi iukeritencs neteriel.

The eguivelence ¢ tle inkeritsnce reterisgl
in rale enua ferclee

The equel distributicn of the inherifance
metericl tc €ll the cells of thne orgenisn.

TLe preventicn of the s-ureticn of tlhe in-
heritence retericl, b its reoducticon talcre Zorti-
lizeticn.

The isotropn; ¢l tiec prctoplasi.

169e sarzante
onnowed ilct nitosis efter reducticn is eyusl

to ordinegry mitcsis.

1l&v2 e Hernenne.
The discovery of tie centrgl spindale first
cleerly sl.cyed ti.et two .inde ¢ filres rnust te

recoenized in tie wmitotic fizure.

1603 Ae Welsuanne.

Fublished nis "Seruplssi. “uneory™.
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Arncuniced 1lhe discover; ¢f reduction-divisions

in plents.

1oy stresburger.
froved thist the centrosore mey et tine end
in sciue species be surrcunded by & sphcricel nsss

rncwn et the centrosghere.

1694

r'laced the eglterrauticn ¢f cencrsiicns c¢cn a
chrorosorne beecis, bty enmouncing the gererelizsticn
thet tiie reduccd cell ccataive nLalfl tie nceric

nw.bter of chrowcscres, 1. e. lie zaretoplytlic

gernerulicne

1690 l.oore.
Ihet phese ¢ thie nucleus just preceedin the

heterotype nitosis was 2iven the nsre "synapsis”.

1697 Euie.
The direct growth of tie curoretin inots
w:icli ¢re pregent in the resting nucleil into the

chror.oscres wse first cbserved by Fuie in 'y7.

1896 wontgorery.
Wes the first to detect tiut ti.e sccesczory

chromosorie is bivalent.

1898 levissciiine.

biscovered ihe =henoncunon of 1cuble fertili-
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zetion in Liilliwe.

1808 Jesgele.
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Uiscoverea paurtlenvrenceis

1849 eulmier.
Coufirred the dinmcr_ lic: in e_eriitozca dis-

covered t:or Yeruing in '¢1l.

BRI SGuinrcrd.
crescrtea evidelnice Ifor tie continuity of

chirc..osc..cs 1In tieir precec.ace tironuri intleriirceis.

19uu Juele.
rroved ccouclusively tie eencrsti.n ol the

Lilcrospore wuclel.

190U Juyer.

The peirins of crroncsores discovered.

CCle. SGuignard.

Pouvle Iortilizstiion in corn observed.

1902 Cannon.
eletion of peiriny cf chronceci.es to

l.endelisr: explelasd.

1902 iccClunsz.

ougz~ceted & theory for tie fimeiticn 0 the

eccessory chrornosdc: c.






lUUE e Se duttCﬂ.
advenced = tieor; <n tie roicticn Letuesn

chrcroscr 2e wnd sllelencryise

1yvé nosenbaryg.
sgve & trlscry on tihe existerce of prochro-

1LO& Gl

(]
(0]
L]

1004 Ce Lo allen.
Jiscovered tlie pairin~ ¢f the chrcrccoilog

snd of the ehr:inciores In 1o Lilliws.

1¢0b L« .. Stevens.

Descrived gnother type ¢f aliorpnism votl
cluesses of wiicli neve the ssaLe nunber of cLro-
Losci.es tut differ in that one cluze centulng s

lerge idioclircroscie cnd tie clier & snelil Cure.

1905 e e wils ne

n.n

Descrived the "m" chrcroscres i ich &re two
sperretozeniel clhrornosones w. ich dc net unite at
tie mencrel synuptic periocd cnd wich ey oOr nay
not condaense in the eerly growth period te fornm
two snell chrorosc:ie nucleoli. They undergo a

late synsepsis in tne prophsse of tue Iirct divicicn

to forn & bivslent wrich divides in loth divicicicse.
1,08 Terdinend ayne.

Dascribed & t;pe of dirorshidsm in wiich tier»

ere five chrowmozciae, widiclh aivide &v¢ wnivaelonts in
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tle first returesticin divisiine. In thie seccnc divi-

tre,,

a0 not diviue tut four of tle Jive pec: to cne

pole £nd the otier 1o tre opgogite pole.

1909 Juyer.
The x chircr.olone in releticn to sex extonded

to men.

109 Wwilscne
zresented evide..ce for ti.e sexusl predeternin-

ation end predestlineticn in tlhe ~ern cells.

J.SlU Ve J.f;o CaS‘th.

adveinced tie Zrecence end Abtence tieorye

1911 Te Eo liOorgsi.

vex-linited in Leritence.
sex-linkea inl:ieritence.
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nucleus, ite iL.te tc the cotler. CLiide grcecess of sepa-

"

retivn tencs olece thircunhout tue Junole scrics cof
gulires of chronmesonas, end thue ¢ guantitetiv: re-uction
is breougit ebeut, esch: of tie deuziter nuclel centelin-

ing & s£in~le series of chronoscreg, e coupered with

trhe paired or ccuwble ceries winich ie Zound in tre somestic

cells." Grecory (190Y)

The r.ost widely lLnoun inveetizetore supporiling
the veirir~ ¢ Lcrelonone retornel 2ad peterncel sle-
rents in tue fcrn. ol perelliel trreszde ere: Aillcen, (D,
Berghs, 0%; Cerdlll, Uu; Sregorie uv4-u7; wiyehe, Ut
Cvertcn, UY; isenberg, VoO-UY; Yeiw.aoOucii, Ule. <Cver-
tcn brinse forwsrd evidence supportiny views it for-
werd by ki, in conneciicn witi wtreciurgsr, allen esnd

biyeke w.e2u lle occucrrernce of o laterel pairin in the

propliese ¢ the n2terotypic diviel n ey esdavocatede.

Telos, uLpeise.
"The clternstive intergretstion prcevides the
cegre Iiel result, btut irnvolves ¢ differont rnetiod of

Pl

pairirge. It is & cherecteristic feeture ol ths hetero-

o]

type vivieicn, thet the suirene, ¢s it ererges from the
ccntracted cordaiticn knom ss eynepsis is throw into

€ series of loops. According tc tle interosretstion
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We wre LlJd cuieldeci v, tie jedrivr ¢l lig CcLIXOLCEOLES
is br went &bt U7 2 o ocroxinstlicn towsrdas cre &en-
otrer ¢ tre linus ol tlecs2 loops. Thus eeccu pair of
chrorcecnes ig ot Jirst & "U" cheped structuoe, the
two crrcro:-cres belina jecincd end to end, tle osuint of
Juncticn firniny the tent sorticen of the U

Tlie perellel linbe ¢i tie U ccie closger eund

clog=r tcretier, ¢und sconer or luter & trensverce

1

fiscion teres plece 8t tie ciele, trhe pesired clLrono-
sor.es now lyin> side bty side Ifor tie ceverctiicn wiich
tekes plece in the retapreec ¢f tie hoterotypice di-
vicicne This reticl of &tteirine the pasired erresn-e-
Lent,-", lle locwinr ¢’ the tiresd znd ti:e subeeyient
auproxii-.ticn o the loope towerds (.oe siClier-invilves

-

air "end tc end peir a3" of tle chroncscices. Since the

looyss sre zencreliy continucus witl cue cuctier st
tieir inner end: it fcllovws lhet tle clronosc.es cre
arrziced in & girle linecur gories.

altiov~l direct preoof is necescorily leciinz,
the evicences ig ver;- strencs in fevor oi the ccrrect-
nes.. of tre hypotiesis tiet tie twe clrcnocucres Jiicn
are united in cech pegir cre ressectively of rnoternal
end psternal ori~in. It, t:erefore, fcllows thet the
looped tureed, ws it ererces fr.. tie conlracted state,

chrcrcsones oY reterncl end neternsl origin rnuet be

D

arrsn~ed glterrctely in & sin~le linecr series.”

Grezory (1luul)
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thesge g nootin s tle viaew tiel the &21it v ich
ceecurs =t the tine CJ Synspels 1s o trues sz2lit, cad
is nct greczeacd L, & pelrin~ ¢l perellel tireede,
tut tie threcu is el ~ls Irew tre tegiaring. Xarner
& lucore U3=-UD, in Lilliuwl, Usiamde cnd 2silotu;
Jerrer & ohnove, VB, Tredecsc ntis; wcnalfrner, Gog
wottier, UB-07, Lilliw:, 2cdophyllu, & Yredesci:ntis.
These studiecs cf chronmoscre reducti-n in aiffer-
ent vlents indicute thet UViere egre two ~enecrel uethods

veregeyneneie end telo-

of reductiin in crgenisre, viz;
s;uepeise "The difference, hovever, ic nct of phiylo-
genetic sianiricence, becsuse the viole chrorcsoie
must b2 regecded &s thie unit ¢f nucleer Lorpi.clozicel
structure. In ~enerel, ~euera lLeviin® €100 clLroLcecLes
will siow telog negtic &irina, wille lu forne witn
lonz tireed li.nzs chronoscieos, the clrolo.omes cre
likely tc opelr peresynepticell;.

In orgeiiisic Leving rcoteronor.hic chroi.oscnes,

betl Letnoas ey oegeur in tlie sere nucleus, whetier

v

.

p

the psicin~ siell te side L7 ¢e or end to end ics,
tliereicre, noct o phylogsenetic or of liereditery im-
porterice, tutl ie werely g netter o cell reclicnics;

end tne twe metiods of chronocre reauction tre ti.ere-

fore escsentially cne." Getes (1911)

Those supportin~ ihe syneptic coenditicone gro:
Ceraiff Botryeriwn oblignunie.

Perier & woore ueranag rogelice.
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DLALILIZAYICN

fron the beginnins of 1le Listor; of wan the
priver, Lect of the nceccesser;” cciicurreuce ¢f two
individusls in the proauctivn c¢f offsyrinzy hos been
recognized. Little wncre weg knom of the escential
festures of tue sexuel procesy in erdnwl the:n hsed
been ferilier tc the ascyriesns, JSeyptiens cnd Greeks
et legst twent,; c=anturies pzrevious to 185u. wiile
sexualit; in »nlents Led been suspected s eerl; ss
in 700 B. C., et it rersined Tor Csrorius (1o94)
to vrove exnerire teily tle existence cf sex in plsents.
2rom tne tire of Aristvotle cawerds n.any tiecries

recerdirc fertilizetiin were Lela by «& Lauy ULLOrS.

Yrue, scr.e 0 the more n.tavle tlhecriss constituted
distinct stepgs of sdvercerent towsrdsg cur present
dey kncwledgs of sex. Illoteble were tiovse of Eurvey,
vpgllenzeni end cf Ifrevost et Durces.

Aronz the botenists Scehreicel 1747, Zsenbeck
182&, bBischoff 168, Unzer 1834-37, lszell 1644,
observed motile spirel filszents, aninelcilece, €S
tuey thouziit to be in seversl of the lower plents,
viz; liverworts snd ferns. Unger (1637) in his studies
on the liocses declared thet trer; were rsasle fertiliz-
ing cells.

At ebout tiiis tir.e the zoolocists were railing

scre interestin~ cobeerveticns cocn the sp.errctczcoa of
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enirclse. Tarry (1644) red scen e sgerretczoe witiin
the ezg ¢t & rabbit. Leucksrt (1649) saw tlew enter
tiie froz's e2g; end Zischoff torotier witlh aAllen
Thenpeen prevead thet fertilizeticn is esccomplished
by the sctual entrence ¢f the sverireto-oa into the
CLED

De Zery for tre bLetenist in 1858 descrited at
leneth tre sivvlest forw in tlhe soxuel ect c¢f the
Conjuzetee, end regarded it as & sexusl process.

3utschli in 1&73 publicica hi- disccveries on

2 of a

JQ

tihe neL:itcde in ...ich he otzerved in the ez
nerstcede tl.e gonrogch end cunteact of twe ctructures,
w:ich ve ncw know to be eocerr nuclei, imwedistely

precesdin® tie firet cleuvege ol tie ovwn. 2Butschli

id nct sgeign en interpretrticn to tiis shencrena

[o)]
GQ
—

€t tiie tirnie.
Auerbech in 1€74 descrited tiie sgwpecrsnce of
two nuclei st the opcosite ends cof the elon~eted
eg3 of Rhebdites, these incresse in size, Lil~rete
towerds tle centre ol the egz, meet, rotste thrcuch
900 e¢nd fuse togetlere A dicentr-ic fisure avpeers
end cleavage follows. It wes suppnosed that tlhe
nuclei at the ends ol the elonzeted evg &roce Ireely.
Usker llertwig in 1875 obearved ond deserited
correctly tie orinciuvle prenorcnon cf fertilizetion

in the ses urcnin e3z. e did not actusily sce the
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eperzetozos rferetrete tlhe ez but cbeerved ihe €.2rm
nucleus ¢ud ite sstar ccon efter, wnd inter_.reted
therefrorn. ccrrectly iz proces: of fertilizeticne
(The ezz nucleus wus reoerded e r2in2 the percictent

-

nucleus of the cernirel veoegicle). Le reschad tle
ucfinite ccnelucion tietv Ifortilizstion censiste in the
unicn of ti2 wvuwlec end ferele rronuclei.

sdwerd ven Seneden (1875) ouvservsd in the rebbit's
ezz tlie fuvicn of two nuclei telcre cleevese. Ee did
nct g22 lie spernstisce enter tre 27y, Lbut foanmd thel
Witlh tlelr recde clovely &, .11=2d te i.e surfece in
ever,” un:=2grented ez~v. te ccincla.ed tict fertilizu-
ticn convicgten eivertlelly in the fei.on cf thespernic

, o

gubeteiens it the euoerficicl lersr f tre vitellus.

.1l nucleus in

wm

at 8 litile leter stere e fomd ¢
ti,e cortical leyer o the ey, litie lec celled tle

rveriiherel Lr nucieul, & contrel pron. cl-us ¢ sugered
sirmultciecusly. They erow, ep-roach one enctier end
Leet in tle centre, leter tilere 1is culy crne nuclous,

ed Totl2 wmicen ¢f trle twoe

Y T e oo

J) G OROR SRVEY .

3}

-

®cl necde scre chenrveticns in 1E€75-96, _wrotly

(&)
wm
ro

[s

in dependent end purtly &lter tle ohlicstion of
Iertuiz's Jiret pepor.

l. Ee obscerved thie deteile 07 penetreticn of
tlhe spernatcozos ith s clea:héss lliet Les 1i2ver been
gurpeseeoed rcr ticgo IUrni.

te firct correcet sccount of the

(@]
P

e e mev






Letureticn civicicrne end orimin oJ 12 €73 LuUCleUus.

3¢ He peid coecicl sttanticn to tie crizin
Of tiie fortilizeticn newbrene, ond founded 1h: claSeic
tieory viet it woe en sdapleticon of prevent Lclys.ern., .

4. Teo wee tie firet to sdeguutely, preescnt tie
ern.Inl offacie O LOLITE LTI e

Lertuig Iiret cheerved in 1 76 tle .. resech
end uanicn of edz end & .srl. nuclel.  wchnitz cne jeer
leter clezrve 1a Cplrcoyre tre fucion o tie ey and
tue s.ori. nucleles

Fertwig in 1687 initisted tie nouern period in
tre plyeiclory o Zertilizeticn. The cie ie tre dircct
experirarntel wielyzis of tle Tertilizstion procees it-

gelfe The ctler 1s the sttenpt to initiste "2 ection

"Our I1nsi-lt ivte tihe neture oI tne preecss of
Tertilizeticin Weg vor, Lotericily prasoted v tre dis-
covery, Loaoe by vern Lencdacn (le€3) tiet the nwiver of
chronogon2e is tie fcwe 10 Lotu tie clingaruting nuclei.
Jurvier 1 ovesati~etiond evteclivica tie fect, Ior toth .
plents end sninais, Ltnet o educticu te cne nelf the
nur.ber of the chrceroscemes in the - nersiive nuclei
preceede the scxucl act, end thel in ciiseyuence cf
tie ccednmery oo O Loy ety s T sy
nuacleus 0L lig Jsrtiliczed ovil. peescoses tie nmunber of
chrouogonres cierscteristic of & veaetstive celle "

Strechucyar (luvs)
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Clhegtor VII

sanlae

in 1bu7 Filcebtronat ucticsa ¢ cecuiier _lencmencn
resulting Ifrcm creeging & derk browi «nd & yeliow ree
of raizce. The erbryo wez . 7rid end tue erdoszuerm
gshcwed cl:zrectars propr ¢ ccci. of tlie twe sercnts.
Thic s.me _Lernomnnacn g Cheasrved o7 in in 187& by
noruecun.  L2oin in 1861 L) Peciie wic zsve tle risLe
"xernie" tc it. denie re
pollen ol cactli.er recc uplun ke tic. 2o ¢f & sc22a (leant
apert frow llel initietins the Ziruation ¢ the eubryo.
‘e terw orl-~inclly uneent the effect of pollinsticn
upon n.otlner tissue, Luv res cone to Le e.olied to tle
gupesrence ¢l Tre Fl Lyirid ecdce_erm prcducad o
fusicn ¢f the secind rile n-ecleus 7ith tire so-czlled
endoeperi. (fusi:on) nucleus o7 the ewlryo-ssc, /Len

its clizrecters cre aiffrorent Ircn titee exiibited by

o

tie roiler plent efter self feortilizeticne. Lhe endo-
Sperm slows thie cherscterictic Iecstures ¢l the plent
from whiich it 1¢ Toried end &lso ol thet Iron wiich
wes derivea tihe pollen tihe gistil received.

The fect of thise fusicn wos proved crytolcoic-

8lly by Guionsrd (1€Y¢) end by lLawssehin (LEVY) .

(@]
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In view ¢f cortein cursidoretl-ne Zest ccnsiaers

it pocsible to forrulcte the fellowins 1oy
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xeniae. "when twe reces differ in ¢ ginvie viesible
endosueri. cherscter in adceh aciinencs ie ccoiplete,
xenia occurs c¢nly wien the acuminent perent iz tie
rgle; whcn tirey differ in ¢ giv~le viegible endorgperm
crarecler in wihicl 1te doirirceren i inccenplete ¢r in
twe crsrecters Potl. o wiicl gre necescer” for toe
develo rent of the vieitic aiflcrence, xnis occurs

Joedl 2itios 1 Lailel™ Suet (1913)
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pregeres for divicicn tre rncet con-

gpicuone fact 18 o trensfcerreticn of tle nucloer cub-

stance involvin~ boti: ~hpysicel :nd cionicel cieaces.

,‘
N

s¥e)

in

0]

The clrernetin suheternics re: 141y incree teining

[

ower, 10ca2s itle nat line wrroaaserent, cnia Ly resclving

o]

~

iteell into o gpireie Tinaell, rives rice 1. definite
nuscer ol sepiretaly inteneel, steirnias bodies, uesuelly
rcd shepsd, curved or streiznt, ¢nd sKnowi & ChrCL.CSOLeS.

3R]

crited vy Slemn.lny in 1667

473
w

Tnis puench. ne Je2 128t ue
Wi:Ce 1s c¢ingicered te be tre discoverer 0° cLroncsomes,
but wcre rere vty uelieryer in 16886 tacauce of trhe deep-
1y steininz yuslities of tih: se boales ¢f tue egpirene.

Tne reunarksvie Tset hes been estellicied with
high prcogbilit;” tiet "every ¢ .ecies of plent or sni-
8l hes & fixed snd cuoesrecterictiic nwiber of chrouio-
scres wiich regulerly recurs in tie divisions of ell
its cells, und in &1l forws sricine b s.xual repro-
ducticr, the number is even."

Fleuwning in 1E8U obeerved tho splittin> of tlie
chrorcecie tret iz, wien tie chro..ctic net werx is

Al

cenvertad into ¢ threoeld, c.ntinuous or diccouatinuous,

§plits trrcurncut ite entire Zan-th 1010 tvo exactly

eyquivelent nalves. This wao clogoly fellowed by the
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obeserveticne of Roux e in 1683 steted tict "the
daugiter ruclei ree:ive crecisely eguiveient scrtiomns

”

tesed

424

of clircieiin Jrdi. T nollor nmuclolide Thie we

to & cortein degres on the work cf . Plitzner wic in
166 wes tle firct to shcw tret tlhe eplitvin~ of 1tk
chronceoncs in tie equetcricl pl: te wus only the re-
apoeerence oi ¢ split in tlie spirene tlresa end wes

due to & corregycndlnz aivieicn ¢f ecchh of the two

CHNTOLELIN "rrnul=S.

i

SGuosrd ven Zeneden in Liis obegerveti-ns on the

¢

gern cells of Avscerie in 1683 wee lie firet to describe
tiie proces. ol nitosgls wrer iu l.e cLronoscnes were
ralvea, end rened it reducticn divisicns.
Stresburger, ons year leter, 18864, in Lis cb-
servetlicns on tris Torn cf c¢elil divieicn recognized
+

four retrer distinct poriocd und suzmested the nares

or terue prorlese, Letlsvienge, araphsse cua telorhasge

¢}

recpectively for tlem. Thess terns lL:cve Leen in use
gince tieir propocel, «nd escn resne ge follows:

Yhe propgrcese covare e¢ll the chenceg ¢ tlre nucleus
up to tre corplotion of the n.itotic figure. The
Letechsee 1s the _ertine ol tne sgicter chrolosc.cs

in tle equeteriel plate. The cusphece is Uie term
gpplied to tleir poussezge 1o thic opposit peles 0of thie
Spindle; end their raco structicn te forwm tie dsughter
nuclzi, tre telorheseo.

Mleur.in~ in 1867 .crilng on the scie phéses of
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Lelosis es did Structurger describea cnd acied thie
first cstuces 07 r.tureiion divisions end caulica it
trne Leterot;rpic diviciin bteceunse ol ihe reduction
in tie nuwbiior ¢ ti.e CLTCLOSCLeS.

leve s.reny up in 1l6be wt tie insteuce cf
strecburcer cortein tieories in regcra to the prcotatle
irdividuelity «uG perrenence of the cl.romcscoresg aken
Stresvurier Lsde oOtegsrvetllins cu wpecies of oslents
Wi.cgee clrorogores sroved g;ccifie end constent dif-
Iferences in size end siewve, tiere’ - furniviinz nuch
evidence Tcr tlhe indegenuent existence cf t:e:ze bodios.
Zeteror.orpiiicr. in ile clircrcécras in pl ntes &s ob-
cerved by Strecturzer hLeve been gbly supsported L thne
erk of nore recent crteclosiste, notevly Rosentacg,
V4; uwiyszne, 0&L; ccnrnalfinsr, UY; Clerens lLuller, (Vg
Thers, 1U; ¢nd Ishikews, 10. There is «lco g vest
literetiwre rexordin~ Letroronorpiicsn. & .7 chronovcres
in euinals, regerainy vidch e egucle cwaecriee Leove
been »iven by oStevens, wilson wnd ontgei-r,, il well
known present dey sutioritics.

r‘re hopoluncsis ¢4 curoncecie itdividauelity dates
becik t¢ Rabl wkho in 1e60 " cencluded thet tlhe chromo-
£onLes Gou not loece their identity ¢t the tire of divi-
sion, tut persist in tle clircretic reticulum of the
nuc .eug+." The orgenizeticn of llie nucleur us des-

arrenicnce of the

®

crived Ly Habl involves Girectly tune
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chror.ocores. A coLpiriscn of tie nogitin cmi form
¢l tie crrouosinod uurl.,.d racceastruction gtasee in
tiie epitierlicel celle of tlie <glewcnder, wiil their
gositicn end fcorn Jusin~ the preplheses cf divicicn,
cunvineed Mebi tret tre cnroncscres ¢ not lote their
indivicuelit; In tre reestlir- rnaclaue, wnd thet they
8:.2ar in tlhe scne reletive poeiticn end forne in
weicn tiey ceantered the reticuliw.. In tue resting;
nucleus enl believed hie cculd find treces cof tie
chromoscros, end descrived & distirnct polerity of
tle nuclewug, in ~:ich the chrorosuncs cenverse towsrds
g8 defirnite point. Ot I tle restin~ nuclew tie
cLrerovcrae ronin cinn inte vier dun to ithe clircrnetic
subetonce Tlein~ becin gion~ predetersi inad _etls into
tie privcery cuorcicoeoie vcedizeg.
A lergs nw.ter of Iivurs: ¢l roeant wirners,
especislly enc g the -~colo~iste, wilcl relete to tio
Syneptic ccioructicn, stroioly suppcrt Zstl's con-

PN

ce.ticn cf clerity end or tierce ¢ Ure CLICLICSCLLeS.

Those supgertin~ the s eotic contricetiin of the nucleus
Zisen vl BSetrecrceeise

Jerizgeng vl Triton alpectris, T,
surcteting.

scl.eenfeld v Zuoarneteeoerecic o the
Tuile

l.eves UL reludira.
verreirner, A & ieile U4 Lyuine, end ooinexe.

Farner & l.oore U Perigliretsa.
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WGOors & otinelu vl soripleniete.
T n At D I Tetrect.crous
(B SUON SRR O IR U o L\-Cubg\,i./u.

- SRR QT B R R - . e eyin e oew
“he individuelity 07 the Cnrii.oflLce

rcr. the stairdpcint ¢l rereiitly tie criticcl
stczes In wn orgenisns ere ot fertilizetion wnd re-
ductirn.  Thot in foetilizeticon trece is en e, rci-
irate a.viin~ of 12 crrcno . ~2, Laell o w1 ¢l usre
certribiated by ecesch rernte, Locsre ic no louser ony

. orizin-

1B

dcukte Tiho "Indivicuelitsils Jyoouress" we

ally put Zortin LU, Trhacdor Loveri In 1687 s ¢ result

of C. Rabl's obcurveticn in 1885 tiet in ihe 2 ileriel

Ned

ceils of the oeglerencer lerve th:e (LIrC.L0SLLOS I8t LEGTr

-

in tke ritosgis orf tne nctier czli,--tre tinyizs ol tne

L ]
U si&u2d chroncrcn=s balioy directed towar

jol

¢ (ne upole
of tie nucleus. Toveri cecur2d positive end sirilsr
evidence b ri¢ oosulls in 166t. Fis Individuclitets
Eypoticee wee gl ported Ly tie woerk of Fula, ¢3;
L. Re Lojs, 95; cund Czur oilrw.zes, LL. “Le eviaence
suzyortin~ voig nypotliesie 1¢ becca lirsel, Cui-

le Cn the wnifornity in tie rniuwler =rnd cherac-
ter o lhe chircrcacres synecriua in cuccoelive divi-
gicns,

Ze n tho preclf 1let wrieorevor i r log.

tren tlo wonel it or ¢F ¢Ironosc o2 Iriar e oauclous

3 ~ -~ o 3 o TA oy b [P . Q
in 1o exm> ¢f agcerie Tio ool it or cluu, L o o0ers






i Vs Leters divicl ne o0 el nrucletne,

os L T eviacunce thelt lne 1lOe. I CirCL.OsOL.e
lwentiv, curin- the veticu: 10 ¢ ltin is cnly
¢ouerent,

4. Un 1he proos luwet nuclesr fusicn dculles
tie nuher ¢l cirroicsonaes, vhile tie redictiin uivieicon

B

reduCss vi.e nud.ior L L&alll.

Boveri egatc.uca 1.2 cinception ol L.aulviiieliiv,; to

wre eslent o regur olint the clronogcnce v clenentery

cr~enisig retier tien rerely o8 _orieunent c2ll crosalcics.
Vlen teco, tihet the mualeor of ¢lroncgonne 1g

fad

vrosorticnel o tho nateor ¢f nuclel tret Leve Doeo

rn
&)
(o))

toret:ar o0 chogn YoooZur JSlrescen, cupsostod

[

5

soveri in levZ-C0, end b L.003e., YO, lwne latiter vy
Lis clserveticone ¢ tlhie fertilizeticon ol enuclected
Slu ourcnin ez ITretnenle.

In 1897-V9Y wis: Lule obecrved tue direcl zrowth
0L Tl chrowetin knots . lc.. «re precent in thre rest-
iz nuclei intc clroccescrese It wee nol until 1yul
tret Tude's work e ccnlirr ed Ly Tlcsenberg.

Continuit; of the CLromosirss.

Zvidence for tie cootlinuity ¢ e cnrronoscLes

ie fownd in theilr sresence tirou~h interkinceis. It

&

is zenecreclly counceded thiet in neny, Jorme the chronosonzs

w

scercely crunse their forw in peieine Zren the hetero-

typic to tie horovypic divigione Tuis fect wee shown






ecrly <o l&Yy v Tudonerd (16vy).e  stout (191k)

SrCCLTUL.CEUL 28
actzentery in luvutr wes the Jirst to aiscover
thet in Ce_.s-1lc Z.o-1ere end Colenduls tlhie nuwiber
cf definite chroretic resses in tiie recting rucleus
is tle sweie s thet of the lony kniwn CLIYCLOLCL.®S 0L
in

the diviciin Ticures; tigt is, tlL2 CLrceLcec: o8 ¢

g}
®

04

w

represented in the restin~ nucl-use L tie

e
chreietic receecc. Tcennbere celled *iece "lsendo-

nucleoleg™. C(vertcen (190l) propoeced the rene "l2ro-

ticiy te tie crronoscrzge eitier in nuww..tr, Lorii Crc

o

olents by Leorg

~ -

[0 znlerse vé-v7  Ceo
ostere .crire, C
e LLiereciwn sur

Cverton vl Thelictru pur ursscens,

Calyce.tiue ficricus, Yelle-
“crus Jectiiwe, end Cerpinuls

craendice
liireie ub sallonie ceodicens.
Yeaienoucld Vo relyeipionie viclecous

Leibecl u7 oleyrtriuwme stricstic. inn,

Pregcice dgpone, stelosurevis

v
r ' ¢ “a 0 - b g -
Llelirun, aAlysezon Liarsbhiuoer
A Lrﬁ:ttﬁu, Iherls _ilnnute,
& Limeric hisunie.
~uanteerd Ui=1ue






e Chroncecioe in Heredit, .

"lore i recson 1o bolisve tiotl trere ig ow

definite relasticn betlwe=n ciron0orcr eg cind slleloncrons,

or unit clierecters ‘*ut o i:ive not Lafcrs inguired wrntier

¢ -- oA, cam iy oy , -. . - -\ LR S K -
et entire clirtioscre ¢cr cnly & zert ¢ cune i& to te re-
gerded ee & besiz of tiz civ~1le ellelcicr:ie  Uhe sng  or

P

suet wgnesticrngbly beo In fever of tie letter gezeibility
IC0r cirarwiens tio wmunkor ¢of d1letlincet cierccetare poggess-
ed by ¢ iaaividasl counlr not execesa Lie mwwbter ¢l chro-
mogon~e in tle gernm procucts; olcn is uwudaouctedl) con-
trecy 1. fact. "o nust, trerelir:, esiude tret cone
CLYTCL.Cotl 28 ¢l wzucel wre reletea Lo & nunier ¢ aiffer-
ent e¢llelowocrgise I tien, the clrcrogcies pericnently
retein tleir indiviZwelitsy it fcllows thet <11 the
tllelor.orciis regresentea U euy one clhronccune nust be
irterited toretier. OCOn tus otior bend 1t 1s nct neces-
sery to geoune tret &1l et Lo wo-crent in tre organ-
icn, for rare the questicn of dcnirence enters end it

ie net 2t knovm lnet ccuminence is o {vnceticn of en
entire chroenosc.c. ‘e cbserve thet tiizve cannot Le

ncre than x (x rearnin~y tLe reduced or heploid =nnrter

of chror.csonnes ) independent peirs of ellelouor ks

in any discuegirne The reraciner oif tus inrarituice

ig¢ cirreleted or tied tozotinr in tire clroroscor2s in

X poewriltle in.epzudent ~rolps.

It is coricelvable thet tue curcioso.? Lel Le

divisitle intc suollar sountities (sconwnat &8 w«oisieann
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gssun.2s) which ragresant “he elleloror;hs cud e, te

derdinant or rocoovive ivdependently. In tiis wep tlre

Sai.e chror.oscore wi~it &t cne tine reprecont voth dorni-

J

nent end recessive wll2looorphise™ owuttcn (1Yu3)






Chapter Ia

Lo a0T_ouuind Lloliuibuvaue

Eo. Lendin~s in 18¢1l discovered o« dezpi, ctelining
bed; in tie growtls poricli-of tle rirer, ¢ crrctocyte
of Iyrrroceoris, rut &id not detect ite ori~in.
not roccni ¢ ite chrorctic noture wnd ite uneguel
distrituwtion in tie secoind wivicicn wierely oue syerm-
&losoun received ore n.ore curoksbtiin ciowont tuea tie
ot.er. re.one (1uuy)

It reicica for —sulmier (Yv) to coudirn the

dinorgli-isu, in s.erinetccos dlieccvered b lennin~ by

-l

his stulice cu ansse Tristis. Ile cescribea wiet he
celied & "chr.retin nucleolus", iich he ticught
origiretea ot tie 1i.e 0f & nupgiis by tie union of
twe srezil epernctogonicl circroscres, divided in
thhe firet netureticn division, but .cgs=ed over un-
divided in the seccnd.
The work of lontsorery supportinz thet of Ifsulnier
snowed tlet Henliing's obeservstions on Pyrrhocoris

o

were lzrgoliy true of tie Ierlontere in ~enorele.

[

The reeuwlts of kLent-orory goares gitl

L
I
o
o)

LeCiung e ie ceuncidercd te Lo the fcunder o
treor; ¢ the wcces. Ory CLrOLCECL2 &0 ie«L2d b2 in in

live, vi:en re Led cbeervaed lie osceatisl Ioetlurse

cheérecterizing tie ecccescor, circLolci 2, outlincsd its






histor, «nd sgus-ected o« tieocr; in ewplencticn ol ite
furnicticn, ez thet ¢ g gox doto-minore 1c¢Clunm ob-

cervad tioo regortlonce te & nucleolus in tie restiro

re

tege, cnd Vi sirdlerit, to o crroncionz ansian the

w

perica o civicicne In tre nonectleor it ie destined
to lie in tie eguullr wiC iz cirenogdci.ee n.ere 1t elso
peccles divided inthe @ teprneee of mitoeis,
(i.eteanlresis), wnd g0 ternisetes b, wetin~ like &
cl.ronosone, ¢8 ¢t tie corsencanent 1t hed forned orne.
"liere is in the sperrctcocTter of 11 the incects
€0 Ter studied wa wnusuel uvele r elerent which is
crerecterized: -

by & rews. ke ie uwnifcer it in stelning power,

W

8irmiler to thet exnitited U Tie clhronce nes in tle
Leteplece;
5y & continuous porignerisl pogiti-n rurin- the
Spiren stace;, )
By en isolotiocon from the chronetin 27 iculuvi ond
non-:certicisoticn in ite citn~es, &ad
By ficvdicn durinz retewinesis eiter the rnceinor of

chrcr.oecmes.s”"  LeClung  (1lulk)

sutton (lulz) wees first eble to distinouis! tie
ecceseory curonosome in the crsts ol b or lo cells.
"bere &¢ in tie Sg;rLLtCC;tGE, it seons tc be renoved
&¢ far ce poscitle Irom the influence o tic criinary

chroretine This ig scccnplicred br en enclosure ins

ceperete nucreuss 4 distinct exislence ig Lwuirtsined






duri..~ &1l ture cteces en & p0czible elici.anize of

Leterial betwzeun liie eccesécer)y crLronosone cud tle
oliter chronogdine nilsnt be scconplisieds Ualy efter
ti.e crorcrcecn2e ere definitely estetiicsled €8 in-
depandent Lodies ere tne burriers rerovea, i inen
enly lone encusn to pernit the sct of retexinecis to
tewe zleco.

vurin> ke perici intervening vetwuzen tre scts
of aivieicn the coucuect ol tre sccestory chronceone
gperellels thet of lihe nuclieus ccente’ning lhe renwcinder
of tiie churcuwtine A vesicle is foried, tle chroratin
subegteiice ieg deuvosited upon ite well in intiinstc re-
letion viti tle cyteslesn:, ¢« concentreticn encsuceg, end
& Gefirite crrcroccre is prcdrceed.

Zgulnier Leld thet tle sccesscr) crnroL.OsCi.2 WeS
dezxcnier-tii.7 end cenclilered it in the prcoces. cf “is-
&yoperring fron tiie gpocen2g, wnd rescii?g li:ls conciusion
efter (Lserving thet in tie lest spgernetcceyte nitcooels
it feils 1o divide ¢nd is tiue uneyuelly epoorticned
te tie recultin~ Cperrnetcroge.

Jron tie e.errsat ocnie, ~tcen @lernctoc;te re-
ceived ¢ne clrouozore {the scceseccer;) wiich tlhrough
6ll tie subseguent vtiges exists ws ¢ crronoscre wnd
never eu.fers extedgive dictirluncs of iie chronciecres,
eitier fer tle wrpowe of retulclic cetivivins, cr Icr

tiie gossiblie exeienza Ior tlie mutucl influecace with

tiie ctior chroroscres.s lente rary focion: tie orizin



crrencecne 1o oo & .nvle sgerrstoninisl
chroncedre, «nnd it nuet te reorerded, tierelore, &< a
sintle clcrent end ¢2 the pocies:zor ¢f U0 chronestids,
sfter ite sou~itwiirnel wivioion, ‘nd ¢¢ diffzrs “roem

the Ctier ecerontes ich gre conctituted of Jor circLa-

tids. <Cthosr circroccercee ¢f 1le sgerrceteniuis cre leoct

exist in reletvicu Ter rancvel freon tnosz2 yrevel i0.7

in the congonant isdividusl clronolcnee.

(AR - N . b -3 [a) e -~ . 3 Tl oy NS e 1 v S 3
Lne proi T cecluiplies o rolutively leiin tine end
Jrofcuna clenone tiwe ~lich 1o tre nuclens, € & ro-

3 T T "y T [ | B : .- e A 3 -~
Lee fowre Jreocitoosut Ll tie tine dinvelved it the C-

H

Iy
Gucticn o tiere finleicontsl difareicns, 1io wcCesS=-
eCry clroucecns - exlsted quite ¢ urt frow the fizld
of rmtuel irfluence in w lchk tie other chronceoLes
opnrotees It dic tihue eprerent tio ot it log ite c:iracters

fixed, nctl In tie ~runercti nn 7 ich wiltnosees its divi-

sicn, tut in e pgrevious cnze In otier weras, it is
8 sve retorcrnidel clrcrczeiie 0 len divides in 1o

-

sperncticeyte witosise"™  wcClwie (lvuw)
Y o )

n-n
“

icClinz's coricentiin of the fneticn ¢f tie

Or accegocr; ¢rroL.oi cr~ 1t thet it 12 tie Lzurar of

10}
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Mrelly, Witk respoct to the evidoren decivod
free. girtlienorseiecis, 1t should be renziurrad tlet ve

Q o]

ere reco dcelivi vith o o drecticecl eipreocsidn Ci

o~

nelits, end 1t ic¢ tec te e pected ot cotoncivs rodi-
ficactlcore ol the ordinery; mwocols Jiil f¢llow. IT the
ecs tenoe upen 1te21f o1l tre D ucticne conncnly ex-
ercic>d ty it in coajwiction Jith tie co2rLetozcel.,
¢t the uweter. iicticn o sex 1s incaudcd."
meCrany  (lvuw)

olinc? weClung erit nced 118 Giscoversics n 1luvsg,
&€ fou Clrer c¢rtele~ists, stinuleted b wceCliw?'s re-
sults Leve carried cut irdepenliont iuvesti~-cticns with
tiie net resudt thet gevorcl cu iticuel types of di-
Lorgiisn. Léve Teen discovercede.

trne ol tinose toprs wee discovered finultencously
by wileson wnd cteveus in 190D, cceufirmed by lLicwlin
1v06, &nd coccurins in the incects heve tlhe szie nu.ter

of cilroncecres in the soorrctozoe tut diiffer in that

"

crne clese conteins @ lerme "idiceironcecie", nd tie

otier & srcll one. Tlhegeo CcLTOLGE!LAS &) Or il not
tnite In g mepsis, deoondins n i orcer of Ingzetle
te fcrr. & hivelent tod;.

ancther type o ditoryilen. ic thet knoun se tlLe
"u" chronovcLog es descrited by wiicon.e The, <z two
fpern&togoniel CLrouogii. s Jiolcl. dc wot unite ¢t tle
renerel symneystic peoricd, end 5 lcw L), C£ L) not

cindenve in the ewrtiy 2rowti ¢o2cicr t¢ Zorm tJc cLro-
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L.cedre nucleclie iy, tinderve & 1ot fyrepgsice In lle
srosieen o 1hw Jlrot diviel o teacsi o Livelent, iidiekh
divides In ool aivicicns.

Ferdinernd royne (1yCL) deccriles en edditicnel

.

type L sgcceos:cory crroncsces In tils 1) .e liere five

[
CLTCLC-Ci w8 /v ich divide g univelents 1u tie Iirst

Leturetvi n Zivicicuee In tie sccconnl Zivisi-n the, uac

noet divide tut Ifcur of tine Jive pess to cne pole, wnd

I In t:is lorn tie

R - .4
Lie ciner Chz 1o

(&}
(e}

Le¢
(@]
w
}_Jo
ct
(@)

(¥
¢
-
L]

ferele rug tireo Llr: crconcoe 20 tonen tie Lale, &nd
tie ¢ »rietc-Ce  1clb contel ¢ tie tiree cxutre clro-
Li0son.28 Luet trerefore bte tie fencle procncinr clesee.
The situcticnie; be briefly sun: erized ss
follows: ©The views thict sex is deteriiined v cinuitions
cxternal to tlre ==rL. cel:s, Lees in recent Jeers ¢lovly

civen wer tc tie bt:liel thet it is princerily evtenlished

(’~
v
'_J
’.J
[©]
u;
o

1
Hy

ar the

.

b,_

S oeuw euternetic reclerndisr. witinin tie cell.
nest erwk Led bes. wcne on tne inzecte, ood itk tlew
we wre now reticr feilisre In neay spgecles (Z in-

secte tioir tro kinus of s ecrrnetonoe cyuel In nuuber,

w

Wedelr in 1tie eerliiy stemes of their deveolopnont alior
visibl, in rec.n2ct to nucle.r corstituticn, wiille tliere
ig tut <rne wind o ex~ Jiicik 1o In nucliosr trpe ine-
deticel itk c¢re of t e clecongs ¢ e¢.erne czoae. That
is t. s¢y, 1L toe two clesy e ¢ ¢ erLutesce he desig-

m-n
Py

neted a¢ tie clel. Lt tie

tie egre o o1l of tie "om
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acclrulinye, 2 GlrlTiou2d e Wk Tietlerioo oueC
. e, . < R - 1

SGil, wih.d 12 17Lia: L& Lo 1CuOenatics -2 CeVl=

4.

aence dencrnistretes tic U fortivi-wtion o the e3> Ly
I ~ ~ e C e IR s s Ty o Loas 4 " t

the "a" clze. Of ooeri Jroducte Sorcioe, Uy tee MY
ciesyg, Leiese In incects end s 2 endineie, Lhlgs

sserwxtoeytes, ool tiese Slena, ricl: grcdice tle

foocti vel ¢ ernectisce rec2ive the sccesScor, ci.ro-

woee: ee In trese ernivels gccorair~ly cnl; tie a clesy,

or ferwlic Lrodnvcein™ € erneiCLoe oo tC o™ rity,
wnile tre Y cleve Or nii2 uocducinT sperktoiou ere
svcrtive." wilson (1uly)

Eypothecls ol i.enuelien 1credity.

tne Ieiele 1ie crerwcterizod b, the prognncs 08
Siret: ing thet ie slrcent in thre reilz, 'ut tro nocurre

clecies nuct Lo alestlin~ulciced.

Ae Ia tre Tirset cicge, wiere L..¢ Lele i: Leloro-
Juketvice, lie oregcucs of to £ slewmente 1n tlhe wyoite
reens tue Ieoele coaaitic tie wlecuces of noe ol them
tue iclee.

B¢ In tle gec.ni. cesnr, tle pre:zence of (e X
elerentl rev.¢ tie frrele croditvic., ite etesence tlLe
Lel2e  This estw.ptlcnm L. e..1) 1O caceg g2 e the
ferwlic ig lhe lLetecc~eoetic o, end 1t will explein
sucl. cesas s tlhe dicecicur nlcite, 7i~re tie ceeilugl
gooreg 1Ly opreduce cltier eles Cr 2ol

“rorn.
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