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.ABSTNACT

N!.neteen specles of vertebrate0 representlng flshes'

anphlblans u reptl.les o and blrûs were lnvestlgated. to d,eter-

nlne lf nucLear sexua,L dlnorphlsxû occurs as has been

d.eecrlbed. for mammalsn

Feulgen posltf.ve masses were presenÈ ln cell nucLel

of nost tlssues, Som,e were slnlLar |n sLze, shape¡ &r¡d

Locatlon to sex chromatln found. ln human buceaL smears of

the fenalet butu lt was lnpossf.ble to deteet nleroeeopLcaLly

a nuclear sex d.lfference ln any of the speeles exemlnedu

exoept the garter snake" In thls snakeu although 3.ntra-

nuclear chromatln bod.les were present Ln tlesues of both

6exe6 o the chro¡aaÈln bod.les !üere S.arger and. were on the

nuclear border more frequenËLy ln tlssues of fe¡nales then of

B&l-ês. firese d.lfferenees ltere hlgh1y s1gnlfle&Tltu

the dlfferenc@ between the lneldenees of lntranuclear

chronatln ma,sses ln tLesues of fenalee and males T{as aleo

hlghly sS.gnlflcant ln tlnber rattlers g pl-geong and ral-nbow

trout. In tlnber rattlers and. ptgeons the females had. a

htgher lneldenee of chronatln meases, whlLe 1¡r ralnbow trout

the nal.es had. the h1eher lncld€tro€o
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INTBODUCTTON

Nuolear sexuaL d-tnorphlen of lnterphase sonatlc cells

ls a falrly wf.deepree.d phenoaenon ln namrnalso Íhe d.lnorphlsn

Ls based on the presenee or absenee of eex chromatl.no oSex

chronatlne le the nane glven to an Lntranuclear ohromocenter

whlch lnd.Lcates Èhe sex of the organlem from whloh the eelL

orlglnates, It etalns lntensely wlth nucLear d.yes and. ls
present ln the nucleus d.urlng lnterphase"

The purpose of thte stud.y ls to galn further knowledge

of nuclear sexual d.lnorphtsn å.n vertebrstes and. lf present

to d.eternlnea (1) the l"nctd.enoe of eex ohronatl.n ln the

verÈebrates wlth enphasf.e on flshesl and. (21 the correlatLon

betvseen presenee of sex ehromatln and known ehronoeomal

nechanlems of eex d.etermlnatlon"

Prevloue î.nvestlgatf.ons lnd.lcete thet nuoLear sexual

dlnorphLsm of neurons ls e general- phenoroenon ln prlmetee,

carnlvores, ungulatesu !.neeetlvores and. chlropterene" There

Ls no olear lnd.leatlon of sex chronatl.n ln nodenteu lagonorphse

ed.entates, narsupLale and. blrd.e. sex chronatln has not been

recor'iled. for reptllese a¡ophlbLans and. ftshes,
Fron karotype stud.lese BeN ohromosones have been

ldentlfled. ln mammaleu bLrdse some rept1lese Botne anphlbS.ansg

butu not clearJ,y !.ndLeated. ln fl.shee" Howeveru genetlc

stud.les on flshes lndlcate aome form of cytologlceL sex

d.eÈermlnstlono rn na.nmaLs, the fenale le honoganetlc and.

the naLe heteroganetlcn fire reverse ls true for blrd.eu

reptlles and amphLblans, Flshes LlLustrate both neohanLsms.
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I.,ITEBATUBE REVIEW

Characterlstlcs of Sex Chronatln

Sex ohromatln has been tdentlfled f.n llvlng and flxed

celLs, CrlüerLa as to sf.zee shape, and. loeaülon ln nuclelo

have been estabLlehed. for ld.entlflcatlon of gex chro¡oatln

(rttnser, Lg66l" Tt¡e eLze ls about L1.r.Ln d.laneter, wlËh an

average of 0n7 xL.2# ln nuclel of buccal uucosa and. ln
sectlons of several human tl"seuee (Moore and Barr L953u

Lgsl!.lo other stalnLng magses nay be preeent Ln nueletu buÈ

they are generally sneLl-er and. regarded €rB noxr-Bpeelflc

ohromocenters (mlttwoehu l-96t+), Sex chronaËln ls nost

conmonly sttuated at the perlphery of the nucleus aa e

plano-convex or wed.ge-shaped. m&ss and lese frequently f,ound

free ln the cytoplasm or lylng agalnst a nuel.eolus

(Berenbat¡mu X960s Kllngers 19571. It le preeenÈ l"n a large

proportlon of nuclel of fenel-e orlgln end almost absent ln
male nuclel' (Mooreu I966b)"

Sex chro¡oatf.n was Lntrod.uced. Lnto human geneblcs ln
1953u tohen Moore g.g, g!. d.eecrlbed. eex chromatln ln skln

blopsles (ltllttwochu L967)" In two surveys on sexuaL

dlnorphLen of nuclel Ln hunan ektn, sex ehrornatln lneld.enee

waa reported for females and. males as 52*85% and 3.-1&S

(Bnery and. McMLlLan , 19541¡ and. , SL*??fi gryú, 2-61,, (Ma¡rberger,

1954)" Other üeehntqueg were developed", sueh ae the bucce,l

smear (itloore u L966c) and. the od.rumstlok" ln Èhe polynorpho-

nucLear leuoocytee (MLttwocho L96?1, Tlrese aleo lllustrate



that the lncld.enoe

fenale orlgln than

Dlscovery

A fenale-speclfle ehronocenter was desertbed Ln

lnsecte prLor üo the ldentlflcatLon of eex chronatln ln
vertebrates. Geltler ln 1937' ln hle ctudlee on bugs

(Eenlptera) and fLles (DLptera) found. that fe¡nales had. two

chronatln bod.les ln eaoh soìBatlo nueleus whLl-e maLee had. one

(lvlLtt¡qoeh, lg6t+), Snlth ln L9l+¿+*ll5, ln hls tqork on ArehLps

funlferana (spruee bud.vrom), d.eeertbed. a ehronscenûer Ln

lnterphase nuclel of the female (Snlth u L9r+51. He used. lt
for dtagnosls of sex of the lervae of MgþÅpEL. OÈher

arthropod.e have been sÈud.Led. wlth slnlLar reeults (Moebaeher

and. Traut' 1968¡ Traut and. Mosbaeheru 1968)" It ls known

ühat the nale t s honogametlc (XX) and the fenale hetero-

ganeË1e (XY or Xo) ln these specles.

fhe d.lscovery of sex ohromatln 1n namnals ls
attrlbuted. to !1o L" Barr a¡rd E" Go Bertra¡n (Mlttnoeh, 196l+)"

WhLLe examLnlng chromatolytlo neurons of Èhe cat¡ they

ldenÈlfled a female-speclflc ehromoeenter Ln the nuclel of

the neurons (Barn and Bertran, L9l+9) " Investlgatlons of

ofher ülssuee and. other memmalso adults and enbrJlogo

eetabllshed. a mearÌs of d.lagnosf.s of sex by nucLear d.lmorphlsn"

(Moore and. Barr L953, L95l+)n In manmalso the nale ls
heteroganetlc (Xy) and. the fenale hornoganetlc (lO().

of

1n

eex ohronatln ls hlgher ln nuolel of

nuolel of naleeo ,

3
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Appllcatlon and Slgnlflcance

I,then nethods for studylng hunan chromosomes became

avallable, a comeLatlon ¡{raa revea1ed. between eex chronatln

end. the nr¡mber of X-chtoütosortr€so Presence of sex chronatln

$as aasoclsted. ¡¡lth slrteen chromosonee ln group 6-l2u that

ls üTro X-chronoson@Bo Ítrhlle flfteen chronosomes ln group

6-L2r one X-chromosome¡ was asgoelated wlth absence of sex

ehromatln. Harnden propoeed a foruula to express the sex

ohronatln nr¡ml¡er ln üerrns of the nunber of sex chronosomes

and. ploldy of öhe oell (Harn¿en! 1961).

So0' =X'P/2
In man p (ploLcly) ls Znt thereforeu the sex chronaüln number

le one leee than the nrrnber of X-chronosomesn Ho¡qever two

thlngs shouLd. be consld.ered.¡ flrst not all nuclel contaln

sex chromatlno and. seoond,a the naxtmum number of sex chronatln

le not a]-ways expressed. (ttttlter end. Warburüon' 1968¡ Mlttwoch,

L96t+t Schwarzacher, Lg6il" Thls may be the result of

technlque, posltlon of sex chronatlne or perhape DNA d.upll-

catlon" Eo¡¡ever lt couId. be thaÈ Bêx chromaüln ls noÈ fom.ed.

ln all cell-e. Nevertheless eex ohronatln does reflect the

nunber of X-chronosorB€sr

In man, there appears to be a phenoüyplc response üo

the ratlo of X-chromosomes and. sex ehronaÈln nunber,

parttcularly ln the expresslon of s€xo Therefore, sex

chronaüln number can d.lstlnguleh d-lserepancles beüween

genetlc and. phenoüyplc se=¡ the XC" type Turnerts s¡rnd.rone,



)üI-type Kl.Lnefelters syndrome and roultlple X-chromosomeg

nay be deteeted (De Mare, L963r Hamertonu L962¡ Kllnger

et aL n 1965s l{aolean et. s&, 1968¡ Moore , LÇ66a).

Thereforeu a aex chronstln tesü such as the bucoal Bmeare

provld.es a slnple ald. ln d.lagnosls of suçh patlents and.

nalres possLble to soreen large popul.atlonsrand. thus obtatn

estlnates regard.lng the lncld.ence of these abnomalltles.

Although sex chronatln ls a usefuL tool ln human

genet1osu Lts naLn slgnXflcanee LLee ln provLd.lng ân oppot-

tuntty to stud.y genes Ln trqo d lfferent states ¡ hetero-

chromatlc versue euchromattct and. to study the effeet of

heteroehromatlzatlon on gene functLon (Browno Lg66), Hence

a survey of presence and. Í.neldenee of sex chronatln Ln

anlnaLe other than nan would. extend. the experlmental fleld."

Dls8rlbutlon

The êxtent of nuelear eexual d.lnorphlsm ln verbebrates

has been lnvesttgaËed. ln all olseees (BeekerË, l.9628 see

Barru 1966 a¡rd l{oore e L966¡- for revLew),

Of the eutherlan manmalsu the most eomprehenslve

covorage has been on prlnateso Apes and. monkeys exhLbLt a

sex chronatln pattern whlch ln s3-ze, frequency and shape ls
slnllar to that ln nan (Hamertsn gÞ al-ag L9638 pri.nceu

Gralran and. Barr, L955), Sex chronatln ls present aleo Ln

menbers of the carnLvores, artlodaetyrs and. perlssod.acËyJ.s,

In rodente and rabblts, nuclear serual d.lnorphlsm d.oee not

5



al,ways folLow a elnllar paËternn In many tlssuesu nucleL

contaln coarse chromatln nassea fron whlch lt ls d.lfflcult
to dLetlng;ulsh the sex ohromatlno Sex ehro¡natln has been

found. ln netenyel.ocytes of mlee (Berenbaun, 1960) and. ln
eplthe1f.al oeLls of the bucoal- cavlty and vaglna of the rat
(Bels anA lel-forù u ].967). In the creeplng vole,

oregonls the nuclel of nale orlgLn eontaln Ëwo ehromocenters

whll-e thoee of the fernaLe conteln only oÍr€e Both sexes are

heteroganetLcr the male XY anù the fe¡nale XO (Ohno e¡rtl

Stenuls u L9631, Sex ohronatln has been reported. l.n blasto-

eysts of the rabblt as early as nl,nety*sLx hours after natlng

of ëhe parents (Issa, BLank and Athertone 1969)" Butu the

aughors d.ld. not shour any dlrecü proof of the sex of the

experLnental- naterlal t hence the 'usex chronaÈln'o may be a

I1or}-Bpecl- f Ie chromosehter"

Sone marsuplals that have been studXed l.LlustraÈe a

unlque tfpe of sexusl d.lnorphlsmu In opossumse nuclel of

both 6exes contaln a chromatl.n mass, but that ln the nuelel

of female orlgln Ls larger (Gra?ra¡u and. Barru L959; Penond.tnl

and. Perond.lnl, ]:966¡ Steyer and PauLeÈe-Vanre1l, Lg6gl. In
the band.lcootu lgEg¡ûg-Igg ¡rasJtao a sex chromatln-lLke bod.y

was present ln corneal epltheLLal eells of both nales end.

fenaLes (Waltonn L969)" Other Australlarr marsuplals erere

examlned., but many ehronatln masses ln lndlvld.ual nuclel

nade ld.entlfleatlon of sex chromatl.n lmposslble. TLre

chronoeomal neohanlsn, of sex d.etermlnatlon appe&rs to d.lffer

6

Mlcrotus



7

fron that ln eutherlan mamrnals" MultLp1e sex ehromosones

have been d.escrLbed. ln mareuplals (martfn and. Ha¡man, l-9661"

Tire stud.les on blrds have been confllct1ng" In the

fowl-, Ge$ug. d.omestlcuso there have been reporte on the

presenee of sex chronatln ln some tlssues of fenale orlgln
(Koehlda and Koslno 1968 ) " Other lnvesËf.gators r¡ere not

able to estabLleh a sex dlfference, elnce ecl-Ls from both

males and. females contaLned. many ehromati"n masses (Astrtey

and. T?reLss, L959; Hanmar, J-96l+). Llkerulse, a sex dlfference

wae not detectable ln other blrds such as plgeon and ducku

In blrds the nale ls honoganetlc¡ XX (ZZ) and the fe¡na1e

heteroga.netlc ¡ XT (WZ),

SexuaL d.lnorphf.sn of nuclel has not been d.eteeted. ln
reptllesu amphlblans and. flshes" For most reptlles and.

amphlblaneu the ¡nale f.e honogametlcl )ffu and. the fe¡oa1e

heterogametlcg XT (geeekn L96B¡ tJlteehL, L959ls although sex

reversal appears to be posslbl-e ln at least one speeLes of

anphlblan, XengÐuq laevls (lilelLer and ohno , L962), In some

fLshes, based. on genetlc studlesu heteroganrety a¡rd. honogamety

of the fenale nay be operatLve (Gorrlonu L957), Male hetero-
gametyu based. on ehromosomaL analysls has been reported. for
one speeS.es of flsh (Chen and Ebellng, L9651 , and. fenal,e

heteroge^rnety ln another speo1es (Chen end ßIrellng, 1968)"

Orlgln and. Suggested. Frrnctlon

Fron the earlLest d.escrlptlons of sex chronatlno lt
was postulated. that sex chromosomes are lnvolved. ln ühe
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formatlon of sex chromatLn" The flrsb euggesblon was that

sex chronaÈln represents co¡rd.ensed. portlons of both

X-chromosomes ¡ hovreveru thls was lnadequaüe to expJ-aln

raultlple sex chromatln assoetated. wtrth nult!.pLe X-chronosorn€Eo

The more acceptabJ.e proposal regerd.s sex ehronatln to be

fomed. by oondensatlon of one X*ehromoaome or part of one

(cnrnbach and. Morlshlmao L962¡ Rtrssellr 1964)" Baeed. on sex

llnkege ln the mouee, Mn Lyon developed. the "lnactlve-X
hy¡lotheslsn to account for orlgX.n of eex chronatln and. lts
genetlc functlon (Mlttwoch, L96?s Lyono L96B). She proposed.

that ln a fenale nammal one of the two X-chromosomes nay be

lnactlve Ln dlfferent eells of the se?ne anlmal" The orlglnal
lnactlvatlon oecurs rand.onLy In early enbryonlc d.evelopmentu

and the d.escendants of eaeh X-chronosome tsLlL remaLn

lnactlve, T?¡ls uakes the fe¡aaLe a natural moealco 88 ln one

llne of eeLLc the paternel, X-chronosone funetlone and. ln the

oËhers the maternaL X-chromosone ls aetl,ve, Sex ohronattn

represents the lnactLve X-chronosoneo But slnce the lncX.dence

of sex chromatln ls never 100 per cent ln any tlssueu ühere

ls a thlrd. populatton of eel-le ln whlch both X-chronosomes

nuet operate (fttneer et g!, u L967). It 1s lnterestlng to
speculate on the reLevance of a XP./XMr/xPXM fe¡oale üo the

survlvaL of the specleso A nosalc such as thts would

lnd.lcate celL populatlons wlth alternatlne gene actlvlty due

to the state of sex chronosorneso Slnee aeny sex-llnked.

characterlstLcs ln the reoeeslve forrn are deleterlousu thls
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errangement favors the expresslon of the d.omlnent normaL

alleleo Thus lnsurlng that the fenale ful-flL1s her

reprod.uctlve potentlal.

Russel (196r+) cautlons the aeceptance of the

hypothesls ln lts slnplest fomn In sex-llnkage erperlnents

uslng an X-auËosome transLocatlon ln mLeeu she dld. not get

resuLts as pred.lcted by the hy¡lothesls" She expeeted. that
fenales heterozygous for a coaË color wouLd. shorv mottllng"

Instead the fenaLes were the sane oolor as the d.onlnant

henlzygous maLesn She suggests that conplete lr¡eetlvatlon
of an X-chromoaone d.oeg not occuru

Used. as supportlng evS.d.ence of Lneomplete lnactlvatlono

Ls the Xga blood. group Ln man" Ttrls ls sex llnked.o and. ¡çomen

heterozygous for the gene do not have two red.-eeII populatlons

(Reed gg eI" , 1963)"

flre lrony of the v¡ho1e proposaL ls that phenotyplc

resuLte aré belng used. to d.escrLbe a cytologlcal- feature

whlch ls not present ln celLs of tlssues lnvolved." ïlxe sex

chronafln pattern ln the ¡nouse ls lnconcluslve and, there i.s

no lnd.loatlon that hatr follf.eLes have been f.nvesttgated. for
the preeence of sex chronatLn (Moore e Lg66lp)" AIso the use

of a substanee vrh1ch oecurs on the surface of a nature

erythroeyte for d.escrLblng a nuelear phenomenon j.s not

JustLfLed."

The technlque of autorad.Lography lnd.leates more

accurately the orlgf.n of sex chronatln" By lntroduclng a
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rad.loactlve base precursor of DldAu such as trttlated. thynld.lneu

at cllfferent perLod.s of ühe eelI cyoleu lt ls posslble to
observe ohromosone d.up3.lcatlon because of the lncorporatlon
of the rad.loactlve substanee d.urtng DNA repIlcati.on. sone

chromosomese partleuLarly ln thelr heterochromatlc reglonsu

lncorporate the trltlated. thynld.lne later than othersB they

are term.ed. late labeJ-J.lng" rt has been eho¡sn by eeveral
groups of lnvestlgators that one x-chromosome ln nuelel of
sonatlc celLs of the fenale le heterochronatlc and. also late
1abeL11ng (Morlehlna gL al", Lg62s Hsu et el." , L96l+; TakagL

and. Ivlaklno, 1966r. å late labeLl,lng X-chromosome ls not

found. ln the nucrel of the male nor ln the nuclel of an xo

lndlvld.ua1 (¿tffn e! al" , ].?62¡ l{orLehlna g! gI, , Lg6Z) "

Eorsever¡ the pattern of laËe repLtcatlon ls not

conoluslve evld.ence of presenee of sex ohronatln" At present

r¡hat d.etemlnee heterochromatln arso d.etennLnes }ate replL-
catlon of a chromosomeu even though Late reprlcatlon d.oea

not necessarll,y lead to heterochronatlzatlon l-n lnterphase

nuclel (Isa gg gL., L9691 Llna-d.e-Farla and. Jaworska, 1968)"

Howeveru one x-chromosome can be Late ln DNA repLlcatlon
vrlfh eubsequent fo:matlon of sex chromatln (Brovrn, L966s

Comlngs n l967as L96?b) " fhe lnd.tcatLons ar€ that 6ex

chronatln ln the female nammal represenÈs the heterochromatle
part of one x-chronosome and. that Èhls reglon lags ln
synthesls of DNA, '
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fhe ld.ea lncorporated. lnto the Lyon hypothesls' that

heterochromatln ls genetlcally lnert comes from evld.ence of

d.osage compensatlon ln Ðsg-g-9.ph-!-1ao Doeage co¡Bpensatlon ln

chromoeOrnogo In fenales t¡qo X-Chromoaomes prOd.uce the sane

a.nount of prod.uct as the one X-chronosome ln the male" lhe

effects of d.osage ls cancelled. out by the heteroehromatlzatlon

of the second X-chromosome ln the femal-e" ConpJ-ete ad.optlon

of d.osage compensaülon as elq)ressed. for Ðrq-gpph-$e ls not

posstble ln ma.nmallan genetlcs (Stern, 1960 ) " Ttre lnaetl-

vatlon of one X-shromosome by heterochromatlzatlon ls not

ex¡rressed, ln aLl ceLls (need gþ gI", 1963\,

Bather tha¡r attrlbute genette lnertness to hetero-

chromatlnu Commoner (196e) suggests that heterochronattn and

euchromatLn partlclpate 1n two systems of, 6enetLe conÈroln

He proposes thaÈ Flend.ellan lnþerltance d.ue üo speclfls

blochenlcaL dlfferences ls locaLlzed. ln the euchromatlc

reglons, whlle genetlc regulatlon of quantltatlve eharacterl-

stLcs such as cell slze and. rate of nttoslsr ls local-lzed. tn

the heterochromatlc reglorlso He cLalns that ühe sex chromo*

some necha¡rlsn of na¡nmals provld.es a strlkLng exanpl-e of

thle d.ual control" The slngle X-chronosome of the male and.

one X-chromosorre of the fenaLe are euchromatLc¡ sex-l-lr¡Ïed.

genes are expresseð by them, The second. X-chromosotne of the

fenale ls heterochronatle and. lnsures nornaL female

d-evelopnenüu
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Aocord.lng to Ha^merton (1968) one X-chronosome ln the

fenale and. the T*ehromosome of the male act through the3,r

heterochromatln as controlLlng elemente for genes affectlng

sex detemlnatlonu d.evelopnent and certal"n quanültatl-ve

sonatle characterlstlcs. The T-chro¡oosome ls need.ed. for
d.evelopment of the tesÈes, the heteroehromatte X-ehromosome

ln the fenaLe ls need.ed to control the rate of folllcular
atreslau The euchromatlc X-chromogome nay carry genes for
testleular aB weLL as for ovarlan d.evelopnent, A slmll-ar

ld.ea was expresaed by Correns who suggested that sex r{as

d.etemlned. by }¡lend.ellan factore (Mlttwocho L969),

Mlttwoch (L969) has suggeeted. that lt would. be more

fnrltfuL to ühe und.erstand.lng of the actlon of abnorual

chromosome constltut1on to analyse cell- klnettes and relatlve
growth lnstead of reJ-ylng on a "hypothetloal bslance of

hypothetlcaL gênês, r She regazds sex ehrom,atl"n as a bal,last

ln ühat the hunan fenale probably oontal.ns between 1-2 per

eenü nore DNA per ee1I than the maleo Thereforee DNA

synthesls takes J.onger ln the fenal-eu hence the female le

snal-Ier" UnLLke the X-ehromosoaeo the Y-ehromosone Lncreases

the rate of nltosLs and. hence nales are bLgger, llrts
functlon of the ï-chromosome would. explaln the early

d.lfferentlatlon of testlsl end. the larger stature of XYT

maLesn

InvestLgatlons of the rel-atlonshlp between gene

lnactlvatlono late repllcatlon of DNA and. sex chronatln
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for"matlon have been prlnarlly ln nammalsu Any comprehenslve

theory on the slgnlflc&nce of these phenomena wllL have to

talce acoount flnd"lngs ln anlnals wlth fenale heteroganety"
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IIETHODS AND ¡,IÁ,TEBIAI"S

Obtalnlng the tlssues

Tlssues from û¡celve specles of flehe three specLes of

a^nphlblano two specles of reptlle and. tt¡o speclee of blrd

$¡ere exe.nLned. ln thls stud.y' The naJor classlflcatLon taxa

are l,lsted for eaoh specles ln Appendlx A. A naxlnum of

three fenales and- ühree maLes of each specles was obtalned."

The numberu length or approxlnate âgês sourceao erld. d.ate of

flxatlon are recorded Ln Append-lx B for each specleso

Al-l spectnens were obbaLned. 1Lveu lnstantly sacrlflced.'

and. the tlssuee removed. lnned.lateLy and flxed." The flsh and

sala¡nand.era were d.ecapltated. upon removal from water' The

rest of Èhe a¡nphlblans, the reptlles and bLr,ils were glven an

ove¡rd.ose of ether. fite tlesues removed- were I nervoue sys-leqr

bratnu cranlal and d.orsal root gar¡gllau nerve cortl¡ syloPâ-

thetlo trunke rtori=11€-rroüs.a sklnn gonade kld.neyr spLeen,

pancreas, l-lver, anterlor part of the snall- lntestlne,

PreLlnlnary work on the flshes lnd.lcated. that buccal

eplthelLum and. resplratory epltheLlun cou1d, not be used.u

These tlssues vÍere also onltted. In ühe other anlnals stud.led.,

Ga¡911a and. the syupathetlc trunk were used. when ühey couLd

be successfully removed. fron the spectmen, ÂJ.though the

ad.renal- cortex has been used. Ln other proJects on sex

chromaüln, the hlstologlcat nature of the adrenals ln the

spectes ln thls lnvestS-gatlon coul-d not be accurately

ld.entlfled ' Tkre sLze of each tlssue was resürlcted. to a
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naxlmum of three cublc nlll"i.metêlso All ülssues Ìrere flxed.

ln L0 per cent fomalln Ln lsotonle sallne and. remalned. ln

the flxatlve for seven to ten d.ays"

Preparatlon of tlssues for stud.Y

Íþe tlssues lirere processed. through the Teehnleon aÏld.

enbed.d.ed. ln paraffln. [?re blocks per speelnen were kept to

a mlnlmum by enbed.d.Lng several tlssues per bJ-ock'

flssues from the nervous system were cut at Llrut al-1"

other tlssues at 6¡t" Three sLtd.es per bloek wlth nultlple

sectlons on eaeh sllde were preparedo One sIld.e ¡¡as stalned.

by the Feulgln reactlon (Appendtx C) and. used. for countlng"

The other two slldes lfere spares rvhtch couLd. be used. for

ad.dl.tlonaL stalnlng technlquesu such ase cresyl echt vloletu

hemotoxyLln (Harylsts) and. eosln" These sLtdes were used as

checks on ld'entlfleatlon of ül'ssues (8" and' E" ) and' of sex

chronatln .(creeyl echt vlolet)" PemounÈ nae ueed. as the

nountlng med.La"

Exenlnatlon of tlssues

The sIld.es w€re exa¡olneil ustng a t{lld blnocu]-ar

mlcroscope wLth L2" 5X wlde a¡rgle eyepleces a.nd a 100X

fLuotar obJeetlve"

In nervous system tlssueo the cells selected. vrere

those whlch appeared to be restrleted. ln dlstrlbuülon ab

speelflc reglons of the cerebral henlspheres, optlc tectum,

cerebel.lumu nedulla end nerve cotdo Cells chosen were those
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relatlveLy Larger than others at that reglon and. ln whlch

the cytop3.asn Ìras apparent and. the nucleus veslcuLaro In
the non-nervous tlssueso the cells chosen erere those ln
t+hlch the poeltlon of the ceLl bo¡der could be lnferred. and"

the nucleus ïra6 vesteular, Overlapplng or dlstorted. ceLls

were not lnclud.ed. ln the counüs.

For each ceLl type eeLected.g a hund.red nucLel were

exa¡nlned." Absence and. presence of sex chronatln-Llke nasseg

lrere recordedo In those nuclel ln r¡hlch chronatln masseg

were presente the number and. posltl"on (perLnucLeol-aru free

ln nucleopLasm, on the nuclear me¡abrane) were seored."

Factorl.al analysls of varl.ance wlth two faotors (gex

X tlssue) was applled when ¡rarranted. by resultsn The

'analyses were oerrled. out by a oomputer, IBM nod"el 360/65"



Petromyzones

Iqh,Lhy_ou]run

Elelhü 'i;lssues ?rere stuclxed o four from reg!-ons of the

eentral nervous eystenu three fro¡rr vlseerau and. the epld-ernls

from the skln" rn these tlseues from fenales end malesu

Feul-gen posltlve ehromocenters ¡.'rere seen 1n a proportlon of
nucLel" The ehromoçenters were smaLl r¡1th no obvLous

dlfferenoes ês to number or posltLon ln elther sex (ltppend.lx

De lebLe 1)" Flgures 1- to 6 lllustrate seleeted. ceLls fron
female tlssueso severaL ehrom.ocenters per nucleus qrere

found. ln aLl tlesues¡ most frequently ln llvero less ln
lnüestlnal epltheLtun aad eplderrnls, and. least ln kid.ney

tubules and nervous sysüen.

Statlstleal analyels d.ld not reveal any sexueL

d.lrnorphlsn (raule 1)" The F value for sex was not s1gn1fL-
canto fne slgnlfleant F value (p<0,01) for tlssue verlfles
the assumpülon nade ln chooslng the factorlal analysls
programs the tlssues are dlfferent to one anotheru -The

lnteractlon, sex-tlssue, wÊ,s slgnlflcant (p<0,01), In
tlssues fro¡n the nervotrs systen and. epld.ermls üìre means were

greater ln nales than fenaLes¡ bu-tu the reverse ras true for
the neans of kld.ney and. llver nhlch rrere greater la fenaleso

Thls cor¡id account for the slgnlflcant Lnteraetlon te¡:m.

castaneus

OBSERVATTONS

( ckrestnut lalnprey) .

t7



Enntrmeratlng onLy those nucLel ln vrhlch

masa was at the nuclear membrane (taUle 1) d.1d.

any Bexual d.lnorphlsn elther,

the

not

1B

chromatln

1nd.lcate



FIGURE

lu Lamprey. CelLs frorn

The chronatln aasses

shape, LOpo FeuJ.gen

2n Tempref" Neuron fron splnal cord.u female, A

very snalL ehro¡aatln nass ls free ln the nucleo-

plasmo ltf,pø Feulgen reactlone XL6OO,

3, Lamprey" Epld-ermlsu fenale. There are snel]

ohrouatln masses free ln the nucleopLâBrno J,0/1e

Feulgen reaetlon, X1600o

the prosencephalonu female"

are snaLl and. lrreguLar ln
reaotlon, x1600,

l*" I"em,prey, Intestlnal epltheIlum, female" The

chromatln masses are spherlcal and. appeÊ,r ad.Jacent

to nucleoLl. 6¡u ,Feulgen reactlonu Xl-600"

5" Lanprey" Kld.ney tubuleu femaLe, A chronatln mass

ls present between the nueleoLus and. nucLear

membraneu 6/t, Feulgen reactlon! XL600"

6. T.amptêf,o Ltveru femaLe, Several chronnatln masses

are present ln each nucleus, A few appear ad.Jaeent

to nucleoll, 6/ru Feulgen reactlon, XL600.
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Teleostoml-

S_etpg ij-qlgg_Uefå (ratnbor.¡ ti:ou,t ) u Çqï-ggqirus _çl...:'peefofrnts
TroñTfeFî*ÐîEoj l--!c-lu_e ( norther
cgErrrersgnJ. (com¡ron i,'i'fi1.be snclcer) o .N_q!-Ig-pJ.s],ilrisonfus (spottall-
ffil¡eF[-Tu]. ¿ie n 3. nr: on s t arr s; ( b ro ok sffii. eËåffiï'-Fffi, o p s I s
eli3åssãreffiTrõfiffiñTî P-.qcln.a sspåsg eË. ( rosFffiT;&sse
{t?.yee_e;gng ( ye l-1 o'.+ pe rcir ) u S 1r-å¿o s t eAlbrr lt|Ls qËm ( wall e ye),
eõEf;ts lF'rgg (¡nottled scutffffË-*"-

Nlne tlssues Ìrere stud.led.o slx îrom the nervous

systen and three frour vlsceran Smooth ¡ruscle and. eplderurls

ttere not sÈud.led. because nuclel were boo snall for lntra-
nuclear detal1 at the magni.flcatlon arrellable" Nuclel of
the tlssues used. r{ere also snall relatlve to Ëhose ln ;

correspond-lng human tlssues, but lt r^¡as posslble to ldentlfy
and count d.lstlnct chronatln nasses" Flgures ? to 24 tlLus-
trete sel"ected cel-ls of tlssues from fenales and. nales of
several specles of flsh. Cltro¡natln nasses varled ln slze

âï.d ln losatlon tulthln the nucleus" Occaslonally one slmllar
to sex ehronatln ln ¡na:nmallan eells was observed. (see Flgures

20 and 23) 
"

The total number of nuclel v¡lth chronatln masses per

hundred" eells and analysls of varlanee table for each speeles

are tabufated. 1n .ê.ppendlx D, labfes 3 to 26, fn all-spectes
of flsh studled., except for ralnbow trouÈ and ¡aottled.

sculplnn tLssues fron vlscera had. a greater lncldence of
lnf;ranuclear chronistln masses than tlssues fron the nervous

system. Also several chromatln masses per nucleus rqére nore

frequent ln tlssues lron vlscera. å,n a.ttempt to rank tlssues

ln aceordance to lncldenqe of chronatln nasses d.1d. not reveal

Éì.ü¡r eonslsùent pattern, Juot the overall lnpresslorr that
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tlssues fron the nervous systen had. a lower lncld.ence than

non-nervous tlssueso

A se¡ d.lfference ln nucl-ear morphology could. not be

d.eternlned. nlcroseoplcally ln any specles of ftsh stud.led 
"

Thls nas verlfled. statlstlcallyu except thot ln ralnbow

frout there was a slgnlflcant dlfferenee (p<0.01)å tlssues
from nales had. a greater lncldence ûhat those from females"

Table I Llsts Ëhe F values for sexo tlssuer âfld

lnteractlono The F values for sex were not slgnlflcant for
nhe flshes except for ralnbow troutu As expeeüed. the F

values for tlssue were srgnlflcant to hl"ghly slgnlfrcant for
alL specles of flsh exeept ralnbow trout a^nd. nottled. sculpln"
Thls relnforces the ni"cnoseople observatlonsu Tl¡ere was no

lnteractlon as the F value was not slgnlflcarrtu
The per cent of chromatln masaes on ühe nuelear

membrane r,¡as low except ln nottled. sculplnu zo"3 for femal_es

and. 33"9 for malesu The analysls of thls dlfference we,s not
elgnlflcanto



TABLE 1" F values
Effiana per eent

Specles
(common na^ne )

chestnut lanprey

ralnbow trout
whlteflsh

northern plke

common whlte sucker

spottall shlner

brook stlckleback

troutperch

Logperch

yello¡r pereh

waLleye

mottled. seulpln

nottl-ed. scu3.ptn (NM)

Manltoba toad.

tlger sal-amand.er

garter snake

garter snâke (NM)

tlmber rattler
plgeon

plseon (NM)

nalLard. d.uck

¿2

for lncld.ence of chronatln masses by sex and.
chronatln masses on nuclear menbrâ.nêo

Sex

0"60

40' 99xx

3 " 
lll+

0" 59

2.58

o"76

o"¿å3

0, 04

1" 04

2"28

o"05

2" gB

2.92

0" 05

0,76

2l.9gxx

49,57**

33'L7x*

3"33

18" 27*x

F vaLues

Tlssue Interaetlon Female Male

6,4ur*

r"26

69,7gxx

2l+" 57æx

3" 14o

ll '63x*
I+Z.7gxx

L9 .62+'*

4,56*x

40, Lz**

I?3,64***

0.28

0"26

Lj "72*x
0, L6

2J.7gxx

LI"7 5x+

5' B9**

172" 50Y"*

66 
" 

BB*rs

4.72xx

0'85

l.l+2

0.30

0'83

0,61

2"46

l.7l+

0,46

2" 30

1" 07

0,18

0.37

0,47

0" 58

5'38**
L2" 50xx

7 '06o*
1.37

4,7 5xx

ft on nuclear
membrane

2" 5 3"8

0.7 r,6

1,0 0"þ

l+,L 3"1"

0.5 0.9

3"2 4"6

0" B 1"2

4"6 5"0

7.9 5"1+

0,6 O,2

0"8 0"6

20 "3 33"9

e

23.2 17 
"Lv

7.8 L2,7

9.3 0"8

l'7 1" 0

?L,2 1t+" 0

elgnlflcånce s

NM - anaLysls of varlance on number of chromatln Íragses on
nuclear nembraneo

* P<0,05
r+l+ P<0" 01

17,1 5"8



FIGUBE

l. Balnbow trout" Neuron from cerebral henlspherest

fenaLeu A. snall- ehromatln mass appeers free ln
the nucleoplaem" l|po Feulgen reactlone X1600"

8u Ralnbow trout" Neurons from eerebral hemlsphereo

nale' Very snal-ln nearly lnd.lstlnet chromoeenters

are present 1n nuclel" LÙlao Feulgen reactlonu

x1600"

9, Ralnbow trout, Neurons from eerebellumu female"

Nuclel contaln snall chromocenters, Llfo Feulgen

reactlon, x1600"

10" Ralnbow trout" Neurons fron cerebellumu maleo

Several chromatln masbes are present ln the

nr¡oleuse one appears ad.Jacent to e nuel-eo1us"

J0y, Feulgen reactlon, X1600,

1l' BaLnbow trout, Neuron from med.ullau femaleu A
snaLl chromatln mass appears free ln the nueleo-

plasmo LOtt, Feulgen reactlone X1600"

L2" Ralnbow trouüo Neuron fron ned.uJle, male" The

nucleus contalns several chronatln magses of
varylng slzes, l\þo Feulgen reactlone X1600,
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FIGUBE

13, Balnbow trout" Kld.ney tubule, female" Small

chromocenters are vlslble ln nueJ-elr buË or¡e

nucleus contalns a d.lstlnet chrom,atln mâss whlch

ls free ln the nucleopl&sno 6/'Feulgen reaetlonu

x1600"

14" Ralnbow trout" Kldney tubulesu male" Coarse

chromoeenters are present ln nucleL" It l"s

dlfftrcult to ldent,lfy d.lstlnct masses " 64,

Feulgen reacËLon, X1600"

15" Belnbow trout' Llverr femaleu Nuclel contaln

lrreguLar chromocenters' In aome nuelel lt ls
posslble to ldentlfy d.lstlnet chronatln masseg

whtch are usualLy near nueleoll " 6./,{, Feulgen

reactlono X1600e

16" Ralnbow trout, Llveru male" Nucl-el are slnllar
to those ln llver fron the fe¡oal-e , 6¡t, Feulgen

reaotlone X1600,

J.7" Balnbov¡ trout" Intestlnal epLthelf.unu female"

ïrregular chromatln me,sses are vlslble ln nucLel"

6/r, Feulgen reactlong X1600"

L8. Ralnbow trout, Intestlnal eplthellrme D&18o

nuclel are slmllar to those of lntestlnal eptthe]lun

frorn the fenale, 6¡to Feulgen reaetlong X1600"
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FIGURE

19" Spot tall ehlner' Cel-Ie from optlc lobe, female"

A chronatln nass ls present ad.Jacent to the

nueleolue, LOþe Feulgen reactlon.- X2560,

20, MottLed sculplno CelLe from eerebral henlsphereu

nale, Dlstlnet chronatln nûasses are vlslble ln
nucleLu A ehromatln måss on the nuclear membtrane

ls present ln one of the nuclel " IÙ/,t, Feulgen

reaotlone X1600"

2J-" Mottled. soulpln, Neuron from cerebellum, female,

Tl¡e nucleus contalns two snaLl ehromatln masses

whlch are on the nueLear membraneu lolo Feulgen

reactlone x1600,

22, Stlck1eback" Neurone fron cerebellumu female"

Irregular chromocenters are present ln nucIel"

L0þø Feulgen reactlone X1600"

23, Spot tall shlner, Llver, fenale. Coarse chronatln

mâ,ases are presentu In one nueleus a a chronatln

mass le seen on the nuclear membr&ne, 6/u Feulgen

reaetlon, X2560,

24" Spot tall shlner" Kldney tubuleu male" Flne

chromocenters are present ln nuc1el, no d.lstlnct

chrornatln ma,ssea are vi.slble"

x2048"

6ll, Feul-gen reactlono
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Ânphli:i.a

W. Pl,pi.pftåi (leoparcl. fros) t U&. hcirilgË,hr-'¿g. (ì{anttoba toad ),AqÞeÉt€gg !.!r.rr!guq dts.Þgtl (rree,r . m-ffi);
T*elve tlesues ÞÍere etud.r-ecro stx from the ¡rervous

s¡'etenn five from vJ.seers and. the epld_ermrs" f,arge ehromatrn
Ea"sses rfl€re present Ln nucLel 0t tlssues fron both s8x@80

Fl"gures 25 ¡aa 36 rrrustrate sereeted. eerre fron varloue
tfesues" The chromatin aasses were spherLeal_ when free ln
the nucleople.am (ntgure ?il , fomned, e. cåp when ad Jacent to a
nueleolus (Fr-gure 281 and- a planoconvex mass or trlangle
¡¡hen on the nuelear meu.brene (Flgures zs and- 30)" Frequenil-y
a sma1ler ehromatln ¡cass 1n ad.dltl.on to a rarger nass waa

seell. ln the same nueleus (Fl-gure 30)o l¡ut no slgniflc&nce
eo¡¿Ld. 'i¡e attribuùed to lts oecurrenoe" chromstln m&sses
appeared occasl0nalJ-y as cê,ps on opposlte poles of a
nucleolus (Flgure 3S).

åLthough uâny elrroruatln masses d.ld. fLt the deserlptlon
for sex chronatLno eexual d.lnorphlsm could not be deteeted.
mlcroseoplcallyo The rncld.ence of ehrometln nasses was hlgh
ln *il tlssues (appendtx Ð, Tables p? to j1), corintS.'g was
pcsslble ln tlsstres fro¡l tho nervous system for all an1phlblans
studled and ln tlssues from vtscera and. the epld.errnls only
ln Manltobe' toad-n rR leopard. frog and tlger sara¡nanceru
nuclel Ln tlssues fron vlscers and. Èhe epld.er:mls Fere- not
satlefactory for countlng as they contalned. too nany coarse
chro¡ratlÌt ElâssÊsc
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StaËlstl.cal analysls on observatlons from Manltoba

toad and. tlger sala^mander d.ld. not reveal any nuclear dtffer*
ences betr¡een sexes 1n elther specles (TaUle 1), F valuee

for sex were not slgnlflcantu In tlger salamanderu only

tlssues from the nervous system were analysed¡ therefore0 a

nonslgnlflcant F vaLue for tlssue was expected." fhere was

no lnteraetlonn Observatlons of tlssues from leopard. frog

d.l.d not warrant analysls,



FLgure

25" ManLtoba toad" Cells from cerebraf hemlsphereo

fenale" Several chronatln masses are present In
each nucleus" one of the chronaÈln masses loeated.

on the nuclear membrane ls elmllan to sex ehronatln

found. i.n mamnallan eells , r0¡Åø Feurgen reaetlonu

x1600"

26. Leopard- frog" Cells fron cerebral hemtsphere,

naleu Two dletlnet ehromatln nasses are present

on tho nucLear membrane, LAþo Feulgen reactton,
x1600,

27. ManLtoba toad." Neuron from optlc lobeu female"

Two ohro¡oatln masses are vlelble, one ad.Jaeent to
a nueleolus and. Ëhe oËher ls on the nucLear

membranen 7-A¡uo Feulgen reaetlone XI600"

28' Tlger ealanand.er' celL from eerebrar hemlsphere,

maleu A large ehronatln m&ss forue a cap on the
nucleolus" LI¡,t., Feulgen reaettons X1600"

29" Leopar"d frog" Neuron from splnal cord.u female,

The nucJ-eus conÈalns a chrometl.n mass on the
ru.rclear membr&ne" L0/4ø Feulgen reaetton' xL6oo,

30, Tlger salamander,u Neuron from med.ultre, female"

Three ehronatln ¡rasses are preeent, tu¡o on the

nuelear membraneu and. one large free ln the nucleo*

plasm, L07uø Feulgen reaetlone X1600"
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FIGURE

3L" Tlger salamand.er, Llveru fenale" The nucleus

contalns coarse and. lrregular chromatLn masses.

One ehronatln aass on the nucl-ear menbrsne Ls

slnllar to sex chronatln ln mammallan cells " 6pu

Feulgen reaetlone X1600"

32. Leopard. frog, LLveru nale" NueLel contaln eoå.y6e

and. lrregular chro¡aatln nasses, 6l¿o Feul,gen

reaetLonu X1600,

33, Leopard frog, Snooth museleu fenaJ.e, The

nueleus contalns lrregular ehronocenters " 6ßu

Feulgen ree,ctlon, X1600o

3l+, Tlger ealamand.er" Kldney tubule, maLe* fire

nucleus eontal.ns flne chromoeenters a¡rd several

dlstlnet chromatln masses" Ttrree ehro¡aattn mâsses

appeer next to Ëhe nucleolus, 6/, Feulgen

.reacËlonu X1600.

35" Tlger salamander, Intestlnal eplthellumo astre,

Lerge ehromaÈln messes are present end_ some

appear on oppostrte poles of nucleolL" 6Fu

Feulgen reaetlone X1600,

36" Tlger salamander" Epld.errnls, male" Nuclel

confaln lrregular chromocenters but d.lstlnct
chronatln lnasses are present a1eo, 6/u Feulgen

reactlono X1600"
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RepÍ;111a

Thæl-4q,"^l¡, {LU;,}S]Jå €gg.. (€çerter sr:a}re ) u Crotal-us þo_Irtdgqffiffi(ffiããffiaÏli*"j.
Eleven i;lssues v,rere stud.i.ed., ff.ve from the nerqous

eystem, flve from vlseerau end_ th.e epld.ermls" chromatln
mâsses Ì{ere present ln nuclet of t}tese tissues fro¡c females

and. nral-es of beith speeles" Flgimeo 3? to J& are seleeted.

ceLle from geri;er snake o ârrd. Fl.gures 5j to 6o from tLm.ber

rabtler' The ehronatln masËes T{ere slm11ar to sex ehronatln
Ln manrnall-an cellsp a-frd eexual rllnorphlsm of nucleL could be

d-eteoted mlcroseopj.caLly ln garter snake u but not l¡r ülnber
rattler" In gart,er snâ.keo ürere was a greater lncld.ence of
ehro¡rattn na.sses, total end. on the nuclear membra¡eo ln ¡aost

tlssues from femaies (Appendtx D, Tabl-es 32 to 3il, ålso
there wa,s a slze d.lfference between the chronatln ¡rasses of
fenales and. raalesn those ln femeles belng larger (see

Flgures 37 ana 38, 4J and. 46). Ten nucLel from each of
ned-ulla, kLd-neyu and. llver were neasured by a nlcrometer for
each lemale and, male garter snake (.Appendlx E) " A stud,ent
e,tf' test was applledu a,ud. for eaeh tlssue lhe "t'value wês

slgnLfLcant (ta¡le Z). These dlf,ferencee ln nuclear norph-
ology could not be d.etected Ln tlnber rattl_er (Àppend.tx Ð,

Tables J6 and 3?r.

statlstlcally there was a slgnlflcanb rllfference
(p<0"01) betr+een nricleL of tlssues fro¡u fernare and male

gart.er snakes and tlnber rattlers (fa¡l-e l), In both speeles,

for rnost tissues tLre ineld.ence of l-ntrenucles,r us,B*ees wâs
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greater Ln fenales than males" The F values for tLssue rüas

slgnlfLcant (p<0,01) also ln both specles¡ thls reafflrms

the assutmptlon that tlssues are d.l"fferent" In garter snakeo

the F val-ue for lnteractlon was slgnlflcant (p<0"01), Thts

ean be aocounted by the ¡ouch greater lncld-enee of ehromatln

m&sses ln females than males, and. by the reversal of rank ln
lntestlnal epLtheli.ung the lncld.ence ln mal-es exceed.ed- that,

ln females" rn tlnber rattS.eru the F value for lnt,eractLon

also tsae slgntfleant (p<0,01), Thls cen be aocounted. by the

much greater lncld.ence of chronatln masÊes Ln panereas from

femaLes than from maLes,

Table 2, Comparlson of mean slze of sex chronatl,n betr¡eenæ
¡nale and. fena3-e garter snake,

Tlssue

med.ull,a

Sex

kldney

fenale

male

fenale

mal-e

female

male

Mean (N=eO)

llver

0,2230

0,l-.655

o" 1865

0,L320

0,2035

0" 1380

t value

8"023 <0" 01

P

9'Lþ73 <0" 01

9,522 <0"01



FTGURE

37" Garter sneke, Neurons from optLc lobeo female,

Nuelel eontstn d.leÈJ.net ehronatln nasses rqhlch

are ad.Jaeent to nueleoll." LÙ/o Feulgen reaetLonu

x2048"

38" Garter snake, Neurons fron optlc Lobee ÌB&.1€"

ChromatLn aesses are ad.Jaeent to nueleollp but

are smaller than those ln nueleL fron females"

I0/Åø Feulgen reaetlon o X2560,

39, Garter snake" Neurons from med.ullae femalen

Nuelel eontatn d.lstLncÈ ehromatln maases

chromatln mass appeers on the nuelear membrane ln
one nuel@üse IOgo Feulgen reaetlone X20&8"

40" Garter snake" Neuron from medulles ü&1€,

Dletlnet ehromatLn n&sses are not vlslble, L}fao

Feulgen reaeÈtonu X1600"

41, Garter enake" Neuron from sp1nal- cord, femaleu

Tk¡e nucleue eontaLns a large chromatlrr ü&sso

LOpø Feulgen reaetLon, X1600o

l+2. Garter snake" Neuron from splnal conlo tn&,l€, A
smaLl ehromaËln mass ls pnesentu but ls smaller

than that In fenale sp1na1 corri nucleus " LOy'Ås

Feulgen reactlonn X2048"
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FIGURE

&3" Garter snake, EpldemLs, female"

chromat1n maae eppee,rs ad.Jaeenb Èo

6ßu Feul-gen reactlon, X1600,

44, Garter snake, Eplde¡mlse male" A sxûaLl

ehromatln mess slmllar to that Ln female epLd.emLs

appears adJacenÈ to e nuol-eolus ln one nueleus,
6,lou FeuJ-gen reaetLon, X1600"

l+5" Garter sneke" Kldney tubule, female" NueLer.

eontaln lrregular ehromoeenters but d.lstlnet
chro¡ae.tln nasses are present also, In one

nucLeuse the chro¡natln mess ie on the nueLear

menbrane and. ls eLnllar to sex chronagln found. Ln

mnrnmaLlayt cells, 6p, Feulgen reactLonn Xl6O0*

46" Garter snake" Ki.d.ney tubureo mare" Nucrel contaln
lrregul-ar chromoeentereu but drstlnet chromatln

mas8es are present also. These are smallen than
those found. tn fenales, 6/, Feulgen reaetS.onn

x2048,

47" Garter snake. Llveru fenale, DLstLnet ehromatLn

EASSêS are vl.eLbl"e and. on the nuclesr membrane

frequently, resemblrng msrrmeli.an sex chronatrn"
6Au Ferelgen reactlone Xl60O,

48' Garter snake" Llveru male, chromatr.n masses are

vlsJ.ble, but are smarler than those ln female llver
cells, 67,au Feulgen reactlone X1600,

A small

a nueleolus"
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FTGURE

49, Garter sneke" Intestlnel eplthelLunu femal-e' A

dlstlnot, chronatln måss ls vlslble tn one of the

nuclel" It appeers surrounded. by a clear halo"

6pu Feulgen reactlong X1600"

50, Garter snake" Inteetl"nal eplthellumu male' Flne

chromocenters are present trn the nucLeL, 6þ,

Feulgen reaetlon, X1600 ø

5L" Ga,rter snake" Psncr€&so feme,le, Nuelel eontaln

d.Lstlnct chronatln me,sses g soae are on the

nuclear membrene and. othere eppeer next to
nucleoll , 6p., Feulgen reasËLon, X1600'

52" Garter snake" Pancreas0 male" Dlef;Lnet ehnomatl-n

aassea are not vlslble l-n many nuel-eå. ' 6¡Å,

Feulgen reaetlone X1600,

53" Garter snafte, Smooth nusele, fenaJ-e" Chromatln

nasses are presentu but ûhey are not as dlstlnct
as those ln other tlssues of fenale orlgln" 6p,

Feui-gen resetLon, X1600,

5l+" Garter snake" Smooth musele, male" No ehronatLn

masses a,re vlslble, 6.&{, Feulgen reaotLono X1600"
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FTGUNE

55, Tlmber rattLor" Cell fron optlc lobes fenale"

A large chronatln rua,ss ls seen free ln the

nueleopl&srne l0/Å, Feul_gen reaetlon, X16OO,

56" Tlnber rattler, Cells from optLo lobes male, No

d.lstlnct chronatLr¡. masses are vlslble" I0lø
Feulgen reaeülon, XL600"

57. Tlnber rattler" Lf.veru fenale" Chromatj.n masses

of dLfferent slzes are vlelbLe l"n nucleL u some

appear free ln the nucleoplasm and. others are on

Ëhe nuelear membrane, 6/u Feulgen reacti.one xL6o0"

58" Tlmben rattler" Llveru male" One nucleus eontarns

a chronatln mass on the nuclear membrane¡ others

have ftne chromoeenters " 6¡lu Feul"gen reaetlonu

x1600.

59 ' Ttmber rattler. Kld-ney tubule u female " chromat,Ln

masses are presenü f.n nuelel" g they appear

nuclear membrane and free ln nucleoplasm"

Feulgen reaetl-one X1600"

60, Tlmber rattler" K1-dney tubuLes, uaLe" Nuclel

are slnllar to those ln female kldney tubule"
6/,{u Feulgen reactlone X1600"

on the

6ßu
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Àves

Qç-lrUglg ål-vLA (plseon)u ¿nes platy::hynglros. (matlard rLuck)"

Nlne tlssues were stud.led u three fro¡o the nervous

systemu fl-ve from vlsceras âtrd the epldermle" An ad.dltlonal

ülssue fron the nervous eysbem was f.nelud.ed- ln the stu-dy on

the nalla.nd- d-uck, Chromatln nasses ?rere present ln nucLeL

of tlssues from botlt sexes of the two specles" TF¡e m&sses

rrere larger than those seen 1n other specles ln thls l-nvestl-

gatåon" Flgures 61 to 78 lLLuetraËe selected. eeLLs from

fenale end- male plgeons" fn tlssues frsm the nervous systemu

ehromatln masses T,irere frequ-ently found adJaeent to the

nueleolus (F1gures 61u 6l¿ end. 66)" In the flon*tlÊFVous

tlssues several masses per nucleus r{ere more gornmon than in
tlssues from the nervous system" Also there w&s s greater

number of nuclel ln whlch the chronatln me,sses were on the

nuclear membrane (Flgures 67 eo ?2').

Incldenee of ehronatln masses was hlgh ln nost tlssues
from fema.les and. ¡nales of boüh specles (Append.tx D, Tables

38 to &2). In plgeon, smooth muscle and. 'bhe epLd.ermls had

counte loler than those ln other tlssues, A nucleer sexual

d.lnorphlsm could. not be detec'ced. nlcroscopleally.

Statlstlcal ans,lysls sn lneldence of chrouatln nas$es

d1d. not reveal any sexual d.lnorphlsn ln plgeon (table 1),

Tire F value for sex rvas not slgnlflcanrt, The slgnlflcant F

vaLue for tlssue (p<0"01) verlfies that the lnclclenee of

eh.roaatin llâsses Ls d.ifferent fro¡q tlssue to tlssuou There
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was no lnteractlon" sLnee there was & hi.gher per cent of
chronatln masses on the nuclear membrane i-n celrs from

female tlssues then from male tlssuesu these observaÈlons

Ì4lere analysed.o The d.lfferenee was slgnlflcant (ra¡te L),
A nucLear sexual- d.lnorphlsm v¡as revealed when onJ.y the

number of chronattn mâsses on the nucrear nembrane g¡ere

consldered.r F value for sex was slgnlfleant (p<0"01)" The

F value for tlssue $r&s signlfleant (p<0"01) and. there we.s

tnteractlon (p<0,01), A mueh greater number of chromatl¡r

m&sses on the nuelear membrane ?¡ere observed. Ln cells of
l-lver and. kLd.ney tubules fron the females then fron the malec"

Thj.e could account for the slgnlfl-eant r.nteraetlon tem"
In naLl-ard dueku observat,Lons were not analysed

because there were not enough females" Bubn there eppears

to be a d.lfferenee between sexes slmtlar to that ln pj.geons"

The number of chromaüln masses on the nuclear membrane ln
ceLls of fenale orj"g3.n vras greetern I? "L%, than that u 5,8%,

ln cel-ls of male orlgln (table l)"
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FIGURE

67" Plgeon" Kl.dney tubureu female" Dlstlnet ehrome.tln

masses are presentu 80ne are ad.Jaeent nucLeoll, and.

others ere on the nuorear membrane, 6/4n Feulgen

reac|lon, X2048,

68' Plgeon" Kldney tubulese mareu NueleL &re sLmLlar

to those rn fenale krdney tubules, 6ßu Feu]-6en

reaetlonu Xl-600o

69. Plgeon" Llver, fenaLe' NucLeL contaln d.lsttnet
chromat$n a&ssese Eoae resemble sex ehromatln

found. Ln manmal_Lan eelLe " 6¡,t"u FeuJ,gen reaettonu

x2048"

70" Plgeons Llver, nale" Nuelel ere stmllsr to
those tn female llver" 6þu Feulgen reaetlonu
x1600 

"

71" Plgeon" rnËestlnar eplthellum, femsre" rn soae

nucrelu dlstx-nct chromatLn nasses are vLslble"
6/"u Feulgen reaotlong XI6OO"

72, Plgeon, IntestLnal eplthellumo m&.le"

nueleL, dletlnet ehromatLn masses aro

slml}ar to thoee ln female lntestLnal
61e, Feulgen reactlon, X1600,

In sone

vlslble u

epIthe11.uro"
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FIGURE

73" P3-geon" Panereasn female" Nuclet contaLn coarse

and. lrregulan chronatln massee" 6/, Feulgen

reactl.onu X16006

7,+" Plgeon" Panoreas, maleu A ehromattn masa adJaeent

to a nucl-eolue le vi-elble ln one nueleus" There

are fewer ohromatln nessea ln these nucleL than

those of f,emaLe panorees " 6þ, Feulgen reaeÈlonu

x256A"

75. Plgeon,

magseg

xr-600,

76" Plgeon,

ma,Sges

x1600,

Smooth nusel-eu fenale" Di.stlnet ehronatln

are not present" 6/, Feulgen reaetlonu

77, Plgeon, þld.emls u

mass Ls vlslble i"n

reaetlonu X16OO"

Smooth muscl"eu nale, DLstlnet ehrornatln

are not present, 6¡4u FeuJ-gen reactlonn

78, Plgeon" Epldernlsu male" In
crescent-shape chronstln ms,ss

nuclea.r membrane, 6þu Feulgen

fe¡nale" A

one nuelêuso

d.lstLnet ehronatLn

6ß, Feulgen

one nueleuse a

appears on the

reactlon, X1600,
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DTSCUSSION

rntranuelesr ehromatln me,sses were present ln tlßsues
of the lamprey and" flehes etudled." The number per nueleus

varled-e as di"d the lneld.enee from ti.ssue to ttssueu whteh

wa,a usually greater ln rloÍr*rr@rvous tlssue than'ln tlssue
from the nersouls system. lrlthough maÌry ehrom,atln m&sses

were elmlLar to ser chronatLn d.escrlbed. ln ¡nanmallan tlssires,
B€x*sp€olfJ.e shromocentere w@re not recognlzed.u w!-th except*
lon of ralnbow trout. Beekert (Lg6Z) also eou1d. not
dlstrngulsh sex chromatln ln flshes, wl"th exeeptlon of
epeeles ln whf"eh there was sexual d.lnorphtsu ln nerve

Hohrever he d.oes nob glve the specreer and. lt 1s assu¡eed. that
the femals ls "posltlve" and. the naLe "negatlve',u

Assumlng sex ehro¡aati.n ls forreci by sex chromosogr€se

ls the absence of *sex chromatln" d.ue to the rack of sex

chromosome d lfferentlatlon?
There have been two reports or1 ld.entlfleatlon of sex

chromosomes ln flsh, chen and Ebellng (1966) propose marc

heteroganety ln a specles of deepwe.ter enelt (o:¡d.er

Clupelformes ) based on stud.les of tee,e ls preparatlon only,
lire other report, egaln by chen and E'beJ-lr¡g (1969), glves
evldenee to support fenale heteroga_rneü¡r i¡ the nosquLto flsh
( cyprtnocLonilfonies ) based. on gr11 .eplthellu¡n e.nd epleen
preparatlons fron both sexes¡ ar¡d testlso rn thle lnvestl-
gatlon, sliL eplthelluno spreen and. ÈestLs !¡ere u.nsultable

for stucly" Re.i.¡rbo;s trout, nh3-t+flsh and northern plke

one

ceLls 
"



bel.orrg to the se.me order as the deep watei: smelt¡ lnterest¡1glyu
ralnbow trout d.1d- lllustrate a grea.ter lncld.ence of chronatln
masses ln tlssues from m¿¡.les than from fe¡raIes, }jhat ls the
'basts of the ?ery slgn1Îlcant cllfference formd. betrveen male

a¡d. femslle rai-nbol trout,? Heteronorphle chromosome palrs
he.ve net been revealecl in the salnonld.ae (chen and Ebellngu
]-966 9 Sasakl e! e-¿." , 1968 ) " In ra.lnbow trtrut o the cì.lplold
nunber wae found. to be jB to 6Su v¡tth two to seven dlstlnct
ehromosome constL'cutlons ln each lnd.lvld.ual flsh (ohirou gt êl"u
1965),, There was no ld.entlflcatlon of a heteromorphlc pelr
of ohromoso¡tes" rt ls reasonable to assume that the sex
dlfference seen here ls not due to a palr of heteronorphlc
ehromoson€sc ohno (1960 0 196?, L96B) suggests that sex

chi:omosomes are aE a prLmltirre state of d.lfferentle,tlon and

not d.etectabl-e rnleroseoplcally ln flshes" sex*llnkage d.oes

lnd-lcate sol[e fofln of gei:etlc sex determlnat.lono but c¡ro¡to*
sor¡es bearlng sex-d.etennlnlng genes are no d.lfferent fron
one ano-r,her than frou autosomes, and llke autosomes, ney be

altered. by erosslng-orrer (lullttwochu l-96Z) 
"

sex d.eternal.natlon nây 
'ot be due to a palr of

ehronosones but to the dlploLrL nunber of a flsh" Fou.r age
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groupg ?rere used. by Ohno et gl. (f965) Uut the flsh v¡ere not
eorted' by sexu chronoeomal- sna]-ysts by sex may revea] a
d1plold number for nales whlch Le d.tfferent to that for
fenaLes' rt nnay be that ln Èhe relnborv troutu the fenales
possessed a lower ehromosome number than the meles and. henee
e lov¡er lncLdenee of ehromati-n masseÊ, There ls also the
possLblllty that tïre dtfferenee may be a refreetl,on of
netabolLe actlvlty. All specLmens were fron the sâme Goureeg
wLthln the soume e.ge group (12*lJ em" about g nonths res ohno

et e ', L965) and kept und.er eonstant laboratory eondltlons"
IÏoÌslever female Nou 3 and. eLr naLes rrere saerlflced. l_n

october 1968u whtle females Nos. I a¡rd. z were sacrlfleed. Ln
January Lg6g (Append lx B) " rt wae fe¡rales I and z ln ¡vhleh
the counts were lo¡est, There may have been an lnherent
nefaboLlc change oecumf.ng duri.ng thLs tlme pertrod."

Balnbow trout spalrn from rate wrnter to early sprrng"
There may be a hrgher rete of n1tosrs prror to spawnrng
that lnmedxately before spawnlng, TLre chromatl.n m&,sse6

counted. may have been d.ue to eondensLng of ehronosones ln
preparatl.on for nltosls" Howeveru thls would. not aeeount
for Ëhe d.lfferences ln counts from reglons of the nervous
system,

rhere re evrd-enee that envrronnnenÈar factors and.

hormones arter pufflng tn ehromoaomes (cett, rg6il end. henee
alter regLons of heterochromatln, sone unknown factor or
faetors are responsl-bl-e for the expresslon of ehromatrn
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massee and" the great varlabLlLty from tLssue to tlssue,
Tlrls 1s especlal-ly not,l-ceable ln flshes" The dlff€rence
that has been lnd Lcated. betl'ieen nslee and fenales of ratnbovr

trout should. be 1nvestlgated. further" It woui-d be lnterestlng
to calculate mltotl"e rate of varl-ous tlssues and to Bee lf
there ls any seasonal varlatton" Also there should be s
eomprehenslve ehromoeomal- ana1ysl"s conpleted on trssues from

fenaLes and from malese oonparlng the d"Lplold eonplenent and

not searchlng for a heteromorphlc pair of chronosortr€se

T?re amphlbLanso lllre the lampre¡r a¡¿ flshes, d.ld not
possess sex*speclfLe ehromocenters, Thls ls slmlIar to
prevlous studles on amphlblans (Mooreu lg66u), In leopard.

frog and. tlger salernanåer, ehronatLn m€.sses ln nuelel of
tlssues from vlseere. and. the epr-dermls were so large and

co&rse that aecurate ennurneratlon nas not posslbLe, Tl.ssues

from lvlanltoba toad were sllghtly easler to count, Ts there
an explanatton for these large and. nu¡nerous chromatln mssses?

Tlre d.lplold. ehromosome number ls low relatlve to that
ln mammalsa Bpnq sp, 26 u EU_Íg sp" ZZ, Asþüg!.og3l sp" ZB

(Cote.e! al", 1968a Goln and. Golno l962I" There ls no

record of tdentlfleatlon of sex chromosones ln these spec].es"

Presence of fenale heterogamety was reported. fsr Ëhe Afrlean
water frog by tr^Ieller end. Ohno (Lg6z) ¡ut has been subsequentry

refuüed by Mtkano a"nd. !{ltseht (1966)"

The DNA content parLlcularly t n sale^nand.ers ls
exceptlonally hleh ln d.lprold. oells, ? to jo ttmes that Ln
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r¡¡aJrmals (Gall u L963), Gall su8gests thaü the hlgh DNA

content ln amphlblan nuclel le d.ue to serlal reprS.eatton of
unlts" . rf thls ls soo and heteroehromatln refrects Bene

lnactrvlty8 the abundarrce of ohromatln masses ls d.ue to the
o'turnlng off* of red.undant genetLc lnformatlon, Bather than

belng redundant, Lt eould represent the lnfomatLon whloh

operated. at a prevlous perlod. durl"ng the llfe cyele. The

anph1blans have a unlque llfe cycJ-e relatj.ve to other verte*
brates" charecterlstleally there ls a ehange ln envlronment,

aquatle to terresÞrx.alo eecompanled. by change tn breathlne
apparatusu loeomotory equlpnent and. dlgestlve tract" The

llfe eycle of an a.mphlbLan, sueh as Manltoba toad., provlcì.es

the experlmental naterlal for exe^mlnaÈion of gene Lnactl*
vatlon, heterochrome,tlzatlon and. the relatLonehlp betrceen

the two,

A chro¡natln mass tras found. to be speelfle to fenal-e
garËer enakesu tlmber rattlereo and. plgeons" Ashley e.nd

Tkrelss (L959) lnvestlgaüed" several speeles of snakesu but
d.ld not report nucl-ear sexual d-3-morphlsm" T?re tlssuee they
used. were heartu ep3-der,mlsu J.tveru eplthellum and- smooth

nuscle from the aLlnentary traet" All, buË the heartu ï{ere

examlned. l.n thls study and. Ln these tlssues the lneld.enee of
ehro¡natln maËsea T¡¡&s low ln both sexes" Each tlssue alone
¡coul-d. not reveaL a d.l_ffer€Tleêo

ïn tlmber rattlers and. plgeons the d.lfferenee wa,s

detected. statlstlcarly, wheree,s ln the garter snekes the
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d.lfferenee wa.s dlstlnet eyto1oglcally" The ehromatln n&sses

Ir$ere more frequent and. larger ln females than Ln naleen A

elze d.lfference Ln sex ehrouatLn has been reported_ for some

Ðarnm6¡]s (Grahen and. Bam, Lgsg¡ ohnon Becak and. Becaku 1964g

.Perond.lnl and. Perond.Ln3., 1966), In .bhese ma¡nmalsu the

fe¡nale ls homogeneËLe prhlle ln snakes the female Ls hetero*
ganetlc. sex ekrromosomee have been ld.enttfled. Ln some

speoles of colubrld.ae and. vtpertrd.ae, They are the fourth
largest palr of the karyotype and. are heteronorphle ln the

fe¡nale (Becak, Lg68)" In Vlperldaeu the sex ehromosomes
*WZ" are about the sâ.me slze exeept that one (Z) ls meta*

eentrlc and. the otÞ¡er (l^I) le aoroeentrlcu TFre sex chromo*

somes ln the male are metaeentrle (zz), rn colubrld.aeu there
ls varl-eb1]l"ty ln the eex ehromosomes" rn some speeLes they

oaånot be d.lstlngulehed. whlle 1n othersu they resemble the

sex chromosomes d.escrlbed. for vlperi.dae, And. ln so¡re specles
of Colubrldae the acrocentrJ.c (kl) ehromosome may be larger or
snaLler than the metacentrlc chromosome (Beeak and Becaku

L969) " Karyotypes for the specles Ln thls lnvesti.gati-on
have not been record.ed.a âTld therefore the sex chronosone

consfltu€lon ls unknovs-n"

Blanchl et al. (1969) earrted. out label1tng of
replLeatlng cells Ln four speeles of snakesu they drd. not
flnd. any late repllcatlon of sex ehromosomesr nsnales have

no mechanlsn of sex chronogoae heteroehromaËlzatlon tn
elther Bêxe Tb¡e absence of late replleatlng z*ehromosome ln
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the malesu favours the hypoÈhesls that no nechanlsm of sex

dosage conpensetlon ls aetlng ln the subor-d.er serpentesno,

ïn the l"lght of the report by Blanehi et g'L" and that sex

chronatln ln fenales was so obvl-ous ln ûhl,s studyu garter
snalçe ehould be Lnvestrgated more extensLveJ_yr kay¡"6typlngo
Labe111ng rvlth trl-tlated thynld.lne, rf i"n thls spee1ee the
fenal-e le heteronrorphle as i.n colubrldaeo and sex ehromatln
i.s d.enlved. f,rom a sex ehromoso&eu further stud.y nay reveal
new lnfonnatlon on heteroehromattzatlo¡r,

sex di.fferenees have been ascnlbed to nueLel of
varloue tleeues fro¡r bLrds (Kosln and rshlzahl u LgSgE Ohno

al" o Lg6Os Moore and Hay, Ig6ls KoshLd"a and. Koslnu 1968)"
other lnvestr.gators d.r.d. not deteet a serc d.rfferenee (asrrley
and Tlretss, Ig5gg Hammar, Lg6A,)" There ls an Lnd.lcetlon of
& sex d.l-fferenee tn the plgeone examlned. ln thle study" The

resurts from nallard. d.uek are Lnconplete and. lnconelusf-ve"
Bnusa (tg5z) dld not fl-nd. any d.lfference ln nerve cells of
the plgeon" The sa*e could be reported. here" rn the nerve
cellsu chronocenters were presentn but they were not adJacent
to the nuclear membra,ne E hence the cells would. not show ,osex

ehromatlnn'" Ttre d.lfferenee !re,s apperent Ln kld.ney and Llver,
lf only those chronatln masses on the nueLear membrane T,vere

counted. '

GalÈon and. Bred.ury (f966) examlned DNA replLcatlon
patterns of sex chromosomes of €he plgeon" rn plgeon the
d'lplold nunber of chro¡oosomes le e,bout elght,yu mad.e up of



aacroehromosomes and. mS.crochromosomes" The feme.le Ls !ü2,

and. the naLe

and the [J Ls

ehromosomes

followed- by

repllcate laet' Ttre repllcatj.ng pattern of the sex chromo*
sones Ln blrds i.s less strLklng than that reeord.ed ln
mamnallan tlssues" Hsu e-t' ql" (Lg6t+1 , Galton and. Bred.bury

Q966) suggesf; that the sex ehromattn ln fenal-e blrd.s ls
d.erLved. from the "l{uo" As Ln repttles, sex chronat,ln d.oes

not appear to be a dosege compensatory meehanÍsmo

From msmmar.ra* tr.ssues eorrelatrons have been

attenpted. between sex chromoeones, rate repllcatl_on and.

genetle lnactLvatlon to d.escrlbe slgnlfles,nce of sex

chromatLn" rn man, there appears to be a deflnlt,e rel_atlon_
shlp between number of sex chro¡oaüi-n bod.les rn a nueleus and.

number of x-chromosones ln the karyotype, But heteroehromatS.*
zatLoa Ls not eonpletely rd.entreal wrth genetlc r.nactrvlty or
late DNA replloatj.on (Blaneht et atru 196S; Kllngeru f966s
Sch¡t.d- and' Leppertu 196Ð" Sex chronatln has bee¡r obser'ed.
1n specles of arthropod.s and vertebraÈesu lt ls a phenomenon

of the fensle sex reganlless of heterogemety or homoganety,

The lncldence of sex chronaÈLn varles ln the d.lfferent
tlssues of an tnd.lvld.ual" s1gnlfleanee of sex chromatln ls
dlrected toward belng a eharacterlstlc of females, and. an

expresslon of d.lfference between the metabollc sËate of
nuclel of varlous tlssues,

zz' The z 1s the fourth l-argest macrochromosorne

a nlerochromosone, It appears thot the macro-

lnclud lng the 'oZu' chromosones replleate f lrst u

the 'l{' ln the femaleo and. the nr-crochromosomes

,+B
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SU}ÍMARY

Tlssues of nlneteen specles of vertebrate rïrere

examlned. for presenee of sex ehromaËln and. nuclear serual
d'lnorphlem of somatLe eellso The tlss¡res were eoleeted. from
reglons of the nervous system, vlseera and. skln, chrornattn
nasses varled- l-n slze and. nr¡mber per nucleus and. ln lneld.enee
from tlssue to tissue" Ttle data was subJeoted. to faetorlat
analysls of varlaÍro€o

rn la¡oprelc flshes (wlÈh exeeptlon of ralnbo¡u trout)u
and anphlblanse rro sex d.lfferenee was d.eteetedu rn ralnbow
trou8u eells 1n tLseues of nale orlgln herï a greater
lncldence of ehromocenters than oells ln tlssues of female
orlgln" sex ehronattn a¡rd. sexual d.lmorphlsn of nuelel rrere
present ln garËer snakesu tlnber raÈblers and plgeo}1so
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Class

Petromyu ones
Petronyzontformee

Petromyzontld.ae
Teleostoml Jgþgb,gg4ffigE ges_tgneug GLrardClupetfor.üies æleäËñüfTffipFãp*-

$alnonld.ae

0rd.er FanLly
5B

Genus, .specLes and common na&e

Esox luelue Llnne.eus
Cyprtntf orrueg ñãFürrffi*ñ-rre

EeocLd.ae

Gasrerosrelfo¡.nes gffi# ffi#

qålgs geå.rgFeåå ËLchard eon
ralirþol.¡ trout
cgqgs_o"¿rJåg SÅSpggåe{qt,g ( nrronrtl )
v¡hlteSlsh

Catastomtd.ae
Catasl_oplllg gggggqgeËå ( r,ee ópbA e )
eommon whlte sueker

Cyprlnldae

Gas teros tei-da,e

Percoperronnes ffir#ffi#å
Percopsldae

perclforres Ëffifi€Ë#-onlssgl4s}'cus 
(l{albaum)

Pereld.ae

AnphLbla
4.nura

Pç_tel-+e gspXqðeg ( Raflneso*ue )qæææ.
¿oBperofr

Cottldae

( GIlnÈon )

(Klrklan¿ )

PeSg". flayeçeeng (mrtcirett )yellors peïeh

Urod.ela

Banld.ae
Bana plpJ.ensr-æ-J-eoparrl frog

Bufonld.ae
Bufo hemlophrys
l4anltoba toad

Á.nbystonatldae
A¡rbLs*Long glgïl3yg
tlge:: sale.mander

slååogJed l_gn vÅlgeqs ( MtrchetL )
Bralteye

geglge þe"r4r Glrarrl
¡nottled. eculptr n

d.l-aboiJ.



GLaae

ReptX.lla
Squamata

0xd.er

Aves

Famlì.y

59

Genus, .speeteg and eommon n&me

Colubrtd.ae
ggpefåå s_l-_&elt_e ssp*
garter eneke

1¡lperld.ae

Cotrumblf'oHrcs
Colunblðee

.Anserlfo¡mes
Anatldae

Beferences ¡

Fl.sh - (1) Flshes of the Great Lalcee Reglon. Cn Lu Hubtre,
Ku Fo l.egler" Unlverelty of Î{lchlgan Preseu }958"

(21 Cheskllst of and. Key to ühe Fresht'¡ater Flshes of
l,lanltoba by .å,lex N, Fed.oruk, Manl"toba DepartmenÈ
of, l{lires and. Netu::al Resoureeso Cansda tre¡rd

. Inventory ProJectu BeporÈ No" 6, Wlnnlpegu
Hanltobe. L969.

(3) Glasslflcatton of Vertebra$es¡ Becent Fanlllee
and. Fossll Groupo. Àfter L" Sn Bergs 1940 (f'tetree)
and. A" S" Ronrer, L966 (Tetrapo,i.s) lrlth common
natres fron vsrlgus sottfcsso

CnSohlu e CnC,Lo, Il"lJoSn ¡ B"MuEo ¡ MoA" o Department of
Zoology, Unlverslty of Manltoba, l-969"

Crote,lus Frornld us
tlmber rettler

gelggÞe $vleplgeon

ånee. pHxslìgæ
nall.ard ciuek

horrld ns



Numberu length or
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approxS.mate ege u
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Souree _Ds.te of 4lxatlon _

Rat Rtver 8/6/69

lJhlt,eshell Hatchery 2/10/68r 22/I/6g
Athapapuskow 2j/B/68

)eltas Roseau Blver¡ Z0/Z/68s 5/8/68silnsoosh Lalre u B /B/6Bs 20/8/68:
å.thapapuskow ?3/8/68

\thapapuskorsr Duck 23/8/68¡ I3/f0/6Bs
{ountalnss Un of Man" ZZ/S/69

)elts.¡ Roseau R1vers 5/B/6Bs 8/8/68r
Ithapapuskowr U, of l{an, 23/8/688 6/lL/6Bg

2r/ 5/69
)uek Mountatnsr M&n. 30/6/69s ?/Z/6g
)eItas Bat RLvers Heela Z3/?/6Bs B/6/6gs-sland. Ij/S/69
loseau Rl-verg Heeta 8/8/68: f6/B/68
.sland

)eltar Athapapus]çow 20/Z/6A: 3/8/68:
23/B/68

lest Blue Lake 2/8/68

eela Island I3/Lo/6Ba 3/?/6gs
r7/7/69a 2I/8/68a
27/ 5/69

6t

elta

elta

lnnedosa"

rterfake

)ltIA e U" S "Au e Uo Of l'An"

,nnl"peg

;{:erfov¡l Statlonu Delta

tl/B/69
28/ 5/69

20/B/68

r2/ro / 68

L2/B/68 E 22/r/69

2/7 /69

6/s/øe
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Beagent

Schlff Reagent (Can, I.eb" )

Sulftte Blnees

Prepared. daf.ly and/or after a maxj.mun of 120 sl1d.es

1"0 ec lN HCl

10 ec 10ff potasslum netabtrsulflte
2AO ee d letlLl-ed H20

Method

1, Brl,ng seetlons to piater

2, Transfer to 5N IICI and. lee,ve for 10 mlnutes"

J" Rlnse ¡qell 3.n d.LetlLled. v¡ateru

l+" Transfer to Sehlff reagent for 20 nL¡rutes"

5, Tranefer to eulflte rlnse for I mj.nr¡.te.

6" Tranefer to a second st¿lf,1te rLnse for I mlnute"

l" Tranefer to a thlrd suLflte rlnse for 2 mlnutes"

Bn BLnse ln runntng tap water for 2 ulnutes and. rlnse B¡ell
ln d.1stLl-1ed water"

9" Counteretaln wlth 0,L% fast green' use I d.lp,

10" Dehyd.rateu clear and. mount j.n peruount.

63

Thls reactlon ls DNA epeotfl"e, The chromattn stalns brlght
red bo deep purpLe¡ the reet of the cerl ts vLslble only by

oounterstaln fast greetlo



Tables of nunber of nueleL wlth chromatlll naÊses, number of

oeLle wlth ehromatln nasses on nuçleav membr&nee a:rd anel"yels

of varl.anee of spec1es etudled'
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Tgþ¿g_å, Lamprey - number of chronatln ma,ssese

TLssue

proeeneephalon 18

mesoneephalon I5

metaneephalon 2Z

nerve eond. 2L

lnteetlnal
eplthellum &-

kldney 22

l1ver 75

epld.emle 5

No, nuclel wlth chromatXn
se8 per I0CI eeLl_s

15

13 L5

23

34

49 3t+

Lþ3 30

r.r. 18

t+z
22 l_1

236

No " cells r'Elth
chromatln measeg

â

22 20

B6
6? 6g

5L7
nof ueed. f,or etatlstteal analyels
tlssue not aveLl"abLe

lable 2" Lampney * alralyete of venla¡lee table,

t+z

L5

35

30

65

Souree of
verl.atLon

aex

tLseue

eex tlesue

wl-thln eel].e

3

5

6

Male

3L

L1

41

I9

r.5

l+

L

10

L6

4

Total

23

I9

I
6

6

1Àþ

63, oooo

t+025,t+29?

2963"0000

rLþ65,0000

3

3

13

l+

flÉl s not elgnlfLeant

27 8516,1+29?

63" oooo

670.9048

483" 8333

L0,+,6429

0" 06

6"I+l

4"zz

t18 e

<0"01

<0"01



Tabl-e ?" Raf-nbow trout - nunber of chromatln &&ssego

TLssue

olfactorya

optlc

cerebellum

ned.ulla

nerve eord

ganglLone

lntestLnal
epXthelLum

kS.dney

lLver

No, nuclel wlth¡

31
73

2L 30

23 11

L97

ehro¡natLn

6o

58

36

69

54

5o

6t+

No" ceLl"s vrlth
ehromat1n m&,ssea

66

76

5L

72

66

55

B2

65

BB

7L

63

76

on nuelear membrane

a not ueeô for eùetfstleal anal-ysls
@ tlssue not aValleble

7O

B2

53

6z

73

6L

57

55

32 2L

3B 39

32 36

Female Me,le

Tablg_&, Betnbow trout - anaJ.ysle of vartanee tab1e"

66

58

62

63

Souree of
varlatlon

gex

tlesue

sex tl-ssue

wLÈh1n cells

I

5

3

1

56

6Z

6B

3

3

(

6

I
3

Tota1

I
6

6

?8

I
I
It.

1094.4, B398

2oL7 "66L6
L37L, Lt,5].9

7t+93"3L?5

Rso not slgnlflcant

¿+

1

l&1

1094¿+" B3gA

336 "2769

228,57 53

267 "6182

2L827 
" 33Ao

40,9a

r,26

0" 85

<0"01

IIS o

&S'



feÞ1g*5" !{hLteflsh * nuaber of ehrsmaÈln me,ssea.

Tlssue

optle

cerebeLlum

ned.ull-a

nerve eord.

gangll"on

lnteetLnaL
eplthelLum

kLdney

1lver

Noo nuelel wl"th chrouratln
s per tr00 eelL

2t+ 3?

20

L7

10

I

3

7

7

I

3L

'{l

L6

r_3

6

?9 29

7L0
l-3 B

6L3
23

No" cells r'¡lth
ehronatln masses
on nuolear membrane

68 57

56 6t

65 70

a not used. for stattr stteal analys1s
ttssue not avallab1e

Table 6"

FemaLe Ms,le

67

t+7

8¿+

Souree of
varLatlon

3

0

I
0

0

!ühi.teftsh * analysls of varLance tabtre"

57 68

37 5I+

52 50

seN

tf.eEue

sex tlssue

¡qJ.thln cells

0

0

0

11

2

5

TotaL

7

?

L6

Lat+"0312

L7629"9687

359 " 71BB

577,50Oo

nso not slgntfleant

3

0

¿+

3r

r2l+"031,2

25L8" 5669

51" 38Bl+

36,093?

1_B6gL, zr1?

3"1+l+

69"78

r,42

tl$o

< 0"01

IIS o



Tab_tg_Z" Northern pX.ke - ru;mber of ehromaÈLn ft&.Bs@so

TLssue

olfaotorya

opt3.e

cerebellum

¡nedulLa

nerve eord.

gattgLlon

Lnt,estLnaL
eplthellwn

kld.neya

1trver

No" nuclet
eg pe

wi.th

B

L7

L9

L1

1B

7

100

;, ),

59 28

?25
16 25

26

ehronatlrr Noo eells wlth
ehronatln masses
on nuelear membrane

927
22 2t+

L2 10

r.6 18

23

a not used. for statåstlcaL anal_ysts@ tlssue not avalLabLe

92

57

EeÞ19__q, Northern plke * anålysts of varlanee bable"

6B

B9

t+g

36

BB

1g

0

6

53

3

Lþ

7

Source of
varLatlon

seK

tlssu,e

eex tlssue

¡qlthln eeLls

95

65

57

2

2I+

1

?

I

L2,

3

2

95

?t+

Total

I
6

6

L¿+

LZ

5

0

78,89?6

L957L,0000

zt+z,B516

1858" 5o0o

rrs e not sLgnlfl_oanÈ

27 2L7 5L,2500

78,8926

326L,8333

Lvo,t+7 53

L32,7 50A

0" 59

2l+.5?

0,30

ItS o

< 0"01

XI8 o



6g

Table ?_u Gommon vshl.te sucker - rrümber of ehrornatLn ¡o&Bs€Bo

Tlssue

olfaetorye

optlc

cerebellun

ned.ulla

nerve cord.

ganglLone

Lnteetlnal-
eplthellun

kld.neya

llver

No" nuelel. r¡lth ehromati.n

L3 28 15

0 2t+ L2

l,¿e 5 2L

2 527

l-s

7

10

1B

¿+

0

@1

38 10

28g
52 L0

L50

No" cells ¡rlth
ehronaÈÍ.n maÊses

a

28 L&

@25

20 l-le

not used. for staÈLstteaL analysls
tLseue not e,vallable

labLe L0" common whLte suelcer * analysls of vari.anee tabLe"

29 10

58 2B

I+6 65

Souree of
varlatlon

2

L

0

1

6L

33

72

sex

tlseue

sex tlesue

wlthln eells

0

4

0

le

I
0

L

I
7

3Lþ

t+6

27

Iotal

L

5

5

?I+

0

2

3

6 50 " z&jt+

39 50,t+556

1042" gI?2

60,+4" 66oz

Ì'tS" not slgnlfLcant

35 11688 "3086

6 50. ztÐt+

790.0911

208" 5B3t+

25L,86Og

?-'58

3.14

0" 83

ÍÌS n

< 0'05

ïXS o



7o

Tgþl-e 11" spottall shi.ner * rlunber of chromattn nr&ss€so

Tlssue

olfactory
optlc t

eerebelluma

ned.ulla

nerve oord.

lntestlnal
epS.theltum

No" nuclel wlth chromatln

t391
12 18 5

18 64

518 7

L7r7 5

kS.dneya

lLver

16 33

23 2?

38 5L

530
L2 l¿e

Nou eells wlth
chronatl-n masses

a

t+r

on-.¡rucle4lr &embrane

not used. for statl-etleal_ emalysls
t1ssue not avallable

L2

20

11

2

86

65

53

89

TabLej2' spotta1l shtner * analysls of varLanoe table,

Fenale Ï{ele

32 I+6

20 Lþ9

32 Lþ5

Source of
varlaÈLon

2

3

B

B

3

sex

tlssue

sex ttssue

¡qLthln ceLls

71 55

61 2?

78 56

7

5

10

7

4

2

7

3?

Total

1

5

5

2I{-

1rr3, ggg3

L665I.52?3

57t+,66tþ3

I+53t+,6523

tlso not slgnlfLcent

20

28

26

35 2rgo4"8906

Lr+3,ggg3

3330 "3aSI+

ttþ" %29

I8B " gL¡:,B

o,76

L7 "63
0"6L

Í18 o

0" 01

1116 o



Tablg*l'3-" Brook stlckleback * number of chronatx.n masseso

Tlssue

olfaetorya

optte

eerebelJ-um

nedulla

nerve cord.

lnteetlnal
eplthel-lum

kf.d.ney

llver

No" nuetrel wtth ehro¡rstln

0

3l-
06
33
6o

233
121
010

6S

No" eel-Ls
chronaÈln
on nuelear

a not used. for statlstLeal analysLs6 tlssue not avaLl"able

L5

6

58

I
L?

1B

19

1B

B6

Table 1&' Brook stxel<lebaek * analysls of varl.anee table"

0 2 2B2Lt

Ll 239
t+5 L4 38 52

7I

rqlth
magses

Source of
varf.atLon

membrane

0

2

0

0

I

sex

tlssue

sex blgsu.e

wLthln cells

0

0

0

0

7

Total

2

0

10

I
6

6

1lr.

Lj." 57A3

68SZ,gzg?

39t+,9297

373,0000

nso not sLgnLfleent

0

0

1B

27

]-,L" 5703

1139" 6stþB

65,Bzt6

26,6t+zg

76L?,4297

0.r+3

42,78

2,1+6

ïIS o

< 0,01

118 o



Tlssue

Troutperch - number of chronatln me,ssese

olfaetorya

opttc

cerebellu¡n

med.ulla

nerve eorda

Xntestl,nel
eplthelLun

ktdneye

lLver

Oo nUO
ffiaase8

222
L2 28

237

ohronafLn

3@

9 1 6 L¿p

0414
L1"22
433

734

Oo CeJL6

a

chronatLn
on nuelear

not used for statl.sttceL snaLysts
tlseue not avalLabtre

27

TeÞ1.9_å6_,

Female

72

41 3L$ 26

B 38 31

57 68 685B

m&aaeg
nenbrane

Souree of
varlatlon

18

B

6

0

lroutperch - analysts of v'arlarrce te,bLe"

8ex

tlseue

sex tlssue
wlthln eelle

I4ale

27

35

66

0

I
2

I
0

B

0

39

TotaL

I
l+

4

20

5.63L6

111¿e2. t+fi1

986"8650

2B4o,0032

118 o

rB

1B

66

not sLgnlfteant

29 L4g7Lþ,968?

5"63L6

2785,6L33

zM,?L6z

1¡+2" 002

0"0¡+

]-9,62

1" 7,+

ï[9 ø

< 0.01

fl6 '



Tabte*tZ" Logpereh * number of ehromattn nasseso

Tlssue

o1-faetorya

optte

cerebellun

ned.ulla

nerve cord

gangtrtrone

lntestf.nal
eplthellum

kldney

llver

Oø nüele

¿sl

41

r+5

26

2t

37

2A 50

910
13 27

20 25

25

30 36

L7 Lþ2

22 t+5

romett"n

25

10

7

L2

L2

2

¿+o

l+8

39

39

I2

Oo eeI].s W

ehromatln m&Bses
on nuefear nembrane

&

6g

7L

48

t+a

11

27

27

Table 13, Logpereh * analysLs of, varlanee tabLe,

nob used. for stablsbteal anaLysLe
tlssue noË avallable

Female -MaIe

73

3L

t+z

10

33

32

23

ouree of
varlatlon

46

5L

50

8ex

tlesue

sex tlgsue

wlthln cells

B'+ 5L

6t 6r

68 36

29

28

6

28

11

l+

5

B

L7

Toüal

L

6

6

2B

7

6

I

2B2,BB0&

7t+t+o " 
B086

7 50,618¿'

T606 "6523

rlso not elgnlflcant

&t t6o8o "g?z?

28?"880¿t

L2t+0,13r+B

L25,1031

27L"6660

t" 0¿&

4" 56

0,&6

ÌXS s

0"01

YlSa



Tablg_llZ" TeLlow percÞr * Frumber of ehronatln nr&ssêso

TLssue

oLfaetorye

optlc

cerebellun

nedulla

nerve eord.s

ga¡:gl-lone

lnt,estlnel
eplthel-lun*

llver

Fen
r 100

0

I

3

1

,+@

I

00
21"
t+3
B1

I

2

47
10
02
t2
32

& not used for eÈatletleæl enelysts@ tLseue not aval.labLe

ohromatln nasses
on nuelear membrane

29 2I+ 5L

25 ¿¿1 55 32

7@

ågÞlg__20" Tellow perch * anslysls of vertrence Ëabl_e"

Female MaIe

74

3

0

5

5

3

Source of
verlatlon

0

0

t
L

0

2

0

B

gex

flssue

sex tlssue
¡slthXn celle

5t+

26

0

0

0

0

2

0

I
2

29

2L

DF

TotaL

I

3

3

L6

SS

Bo,6719

I+267, J+883

zt+I+" 9Bo5

567,33i4'.ì

nso not slgnlfleanü

23

MS

80" 6719

]t+Az"¿eg6r

81" 6602

35,Ltr5B4

5L60,50oo

F

2"28

40" 12

2'30

P

XI8 o

<0"0L

ÍlE o



Tabl-e*?,L, Walleye * nl,trnber of ehromattrn tne"ss@s"

TLssue

olfaetory

optle

eerebellum

ned.ulla

nerve eorrå

gangllon

lntesti.nal
epLthellun

kLdney

l-Lver

o ÍLLlc'l.€

0t+2
1",+ 6 L2,

726
318
0r{"4

13 52L

r*l-

00
57
l-1
04
1'

07

O o C€I.JB T{

ehromatln masses
on nuolear rnembre,ne

& not used for statLstleal analysle

55 56 6e

¿Þj_ ,+S Stl;

56 49 66

fenå.C*AA" Walleye * anslÍsl"s of vartanee teble*

Female Male

75

Souree of
varlatLon

0

I
l+

L

3

0

I
2

3

sex

tlssue

sex tlssue

wtÈhln eells

59

53

61

60

t4'4

5L

0

1

1

I
0

1

I
2

4

Total

I
I
B

TB

o,6826

Lg564,ooo0

L20,5625

253,5000

rtss not slgnlff.cant

35 Lg93B,75oo

0,6826

al!'tþ5."5000

L5.0703

1l+, oB33

a'05

L73,61+

l,07

Il8 o

<0"01

ÍI8 o



!eÞÅe_?-3_" Sculptn
per 100

76

* nümber of nueleL wi.th ehro¡natln aaases
cel}s,

Tlssue

olfactory
opË3.c

acereÐeJ_Iun

ned.ullaa

nerve cord.

lntestLnel
eplthellula

kldney

lXver

Lþ6 23

61 38

53

2g

38 26

a nof used for statLstLeal enal_ysLs
tlssue not avaLlabtre

Tab]g__?&, SculplÌÌ - analysls of varlanee table.

MaLe

,+¿+ 41

72 36 52

56 ¿e0 4o

383
55 59 49

Source of
varlatlon

33 10

3t+ 26

,+t 50

gex

tlssue

sex tlssue

wlth1n eells

100

96

99

lota1

1

5

5

T?

Ig

9

t+l

33

7Lþ

93

?5t+2.0t{¿5

LL76"?oB5

767,?AB5

10231" 5000

fÌ8 
" not slgnlflcant

23 LLþ7L7 "95?0

25t+2.0415

235'3t+L7

L53" 54L7

852,6250

?rgB

0" 28

0,18

ï18 o

ÍLS '

Í[E o



Tab-&g;?5_" SculpLn - number of
on nucLear membrane

Tlssue

oJ-factory

optLe

eerebelluma

med.ullaa

nenre eord.

Lntesttnal
eplthellum

kld.ney

llver

eells wlth chroraattn masses
Ber 100 eel"Ls,

37

52

23

?7

zLv

22

35

16

a not used for statletteeL enalysls
tLssue not avalLable

Teble 26"

77

Male

Source of
varlatS.on

1l+ L

187
t+ ¿&

30 36

59 26

2t+ o

?9 19

35 32

9L1
72 Lþ

769

SeulpS-n * a.nalysle of ve.rlanee table,

seE

tlseue

sex ttesue

wLthln cells

Total

I
5

5

T2

23t+0 "37 50

IO?9,87 50

rtJ¡69,8? 50

960? " 5000

ïI8 o not slgnlflcant

23 r4l+þ?" 6250

2340"37 50

205"97 50

293.9?t+9

800" 6z5o

2'92

0 "26

0,37

Yl8 o

ll8 o

ÍlS o



Table ?2" Leoparrå frog -
masaeß per 100

Tlssue

olfaetory

opÈ,1e

eerebeLlum

med.ull-a

nerve eond

gangl3.on

lntestlnal
eplthellun

kldney

Llver

snooth mueele

pe,ncreas

epl.d.ernLs

nunber of nucLeL ¡vLth chromatln
eel-ls 

"
q1

100

100

t+r

100 96

100 L00

-;,

2Lþ I+5

t+z

7B

Male
)?ÐJ

L00 93

100 @ 100

100 @

100 ?tþ ?s

t+5 34 4r

50 2L 56

-- *- --

tl"seue
tlssue

not
not

sul"tabl.e for counttng
avallab1e

&6 @@ @@

@@ @@ @@

@6



Table 2Q, Manltoba toad * number of chromatLn n&ssesø

Tlssue

olfaetory

optlca

cerei¡elLuma

ned.ulla

nerve eord.

gengl-lone

Lntestlnal-
eptthellun

kl.dneya

lLvera

smoo€h muscle

pancr*asa

epld.emS.s

el wlth chrome.tln

1_00 100

85 loo

29 31

27 Lþ6

23 10

9t+ 81

@@ 7L

@@ g7

L66
@@

,+B 63

98 98

100

9@

30 70

16 63

20

87 6g

æ@

87

11 g

t+g 5T

chrom,atJ.rl m&6seg
o O€IIS E¡

on nuclear nembrane
Fenale l4ale

79

131

130

a not ueed. for statlstleal analysl.s
fleeue not avai.lable
tlssue not suLtabLe for countlne

L3

L?

L2

Lt+?

77

2

?

4

i.

39

58

L0

I

13

13

l

l_1L2



l@f-e ?-2" ManLtoba toad - analysLs of vari.anoe table"

Sourco of
varLat3.on

6ex

tlssue

eex tLssue

v¡tthln eelle

Total

I

5

5

L2

r0"666 5

20783" 328L

Lvgg "Bz8l
2530.0000

ns. not sl"gnLfleant

23 ?382,3,8359

Lo.6665

t&56 "664L
gg, 9656

zLQ.8333

BO

0"05

L9,72

o,l+7

I18 o

< 0'05

Í1.6 r



!a¡I-e--39' sslamand.er - number of chronati.n ma.Êseso

Ttseue

olfaetory 83

ned.ulla Tz

nerve eord. B0

gangltona zB

Lntesttnal
epl"thelluno @@

nucle
aes

okldney*

llvere @@ @@

smooth mueclea

5t+ 59

72 58

75 6S

63 6z

ohromabln

p*nene*s* @@ @6 @@

epld.ermlsa @@ @Þ

66 ?s

6t 6s

75 68

O o eeJ.l.A Sr

ehromatln ns,Bses

q€

on nuelee.r membrane

90

B6

72

2o

a nof used. for stattsÈleel
tlssue not avaLlable

@Þ tlssue noè suf.ta'ble for

Fena1e ldelé

B1

Table. ?1" salamand-er - anælysle of værlanee tabre,

47

2?

23

I

Souree of
varlatl.on

sex

tl.ssue

sex tlssue
wlthln cells

53

L7

53

¿+

ÐF

anaÏysX.s

eountlng

Total

I
2

2

T?

SS IVIS F

BB. 886?

37 " 44]4

]-36 
" 1016

r3gg,3318

lI8 o not slgnlfLcant

I7

BB 
" 8g67

LB"7?07

68 
" o5o8

116 
" 6rro

1661,?BL?

0 "76

0" 16

0" 58

ï18 o

t'ts,

fl8 o



Iqble q2" Garter snalce -
lnaases per 100

Tlssue

optl"o

oerebelluma

ned.u.lLa

nerve eord.

gar\g11ona

LntestlneL
epltheLlun

kld.ney

llver
snooËh nuecLe

p&ncreea

eptd.ermlee

B2

nunben of nuclel vüi.th ohromati"n
eelle 

"

Female

7B

23

79

B2

75

77

1g

6g

BO

BO

11

BB

79

6a

a not used. for stattetl-ea1 analysG
tlssue not avallable

fe4g-:3" Garüer sneke - analysls of varl-anee table,

113
4Z So L+6

6T st+ ?z

3 811
6s 68 55

10¿þ

77 78 55

59 tÐ 43

60 r+t+ 33

Source of
vartatlon

sex

tLssue

eex tLseue

wlthln cells

4ü 18

6z 31

53 33

613
22 Ll

3¿e

DF

Total

36

1B

L2

I
¿þ

7

7

32

ss

3798" 5186

24505.6t11

5110 "6289
434t+,6680

t+7

MS

3798" 5]86

3500 " SoLB

730" 0BgB

L35"7709

377 59,vzeø

27'gB

25,78

5" 38

< 0,0L

< 0" 0J-

<0"01



Table 3l+, Garter snake number of cells
masces on nuclear membrane per

TIssue

optlc

med.ulla

nerve cord.

lnteetlnaL
eplthellum

kld.ney

llver
smooth musole

pencreas

rc-îFe¡nale

wlth chronoattn
100 cells"

110
tt{.5
031

EgÞlq*_?]ã" Garter snelce * analyele of varlenee table"

000
6 26 3t+

30 3? Iþ3

010
L6 t+2 3t+

B3

Souree of
varlatXon

3

0

Bex

tlssue

sex tlssue
wLthln celle

I+

Total

0

I
0

I

7

7

32

0

0

1386 "8555
2301"705t

2t+I+8" 1304

895,3398

0

I

L+7

L386"8555

328, B1¿$g

3t+g "?329
27'9791+

703r' 9180

I+g, ST

rt"? 5

L2,50

<0"0J_

<0"0L

<0"01



TXesue

lLnber rattLer * number of chronettn masseso

opfLe

cerebellume

ned.ulla

nerve eord.

gangll.onâ

Lntestlnal
eplthellun

ktdney

llver
smooth muscle

panereas

epld.erntsa

on nucIe

L7

L5

10

7

22

100 eel

11 31

L2 13

79
9rz

ehromatLn

L5 L4

L5 40

4¿e j4

3t+ 50

?L L5

56 ?o

chronatln m&sses

723
2L 20

on nuel^ear ¡oembrane

23

I
L6

10

¿t.

I+L6

1¿e

Female Mã1ê

B4

a

Table q7" Tlmber rattler - Ê,ne.lysj.s of vari.ence table"

2

0

0

0

0

I+

10

14

3

T6

not ueed. for statletleal analyslsflssue noÈ avatlable

2T

3

L5

25

¿e

L2

2T

38

7

l+o

Souree of
varle,tlon

LI'

o

sex

tlssue

sex tLssue

wlthln eells

L3 I
5

B

2

4

3

7

Å+

DF

TotaI

I
7

7

32

I

SS

23IO ,2]-09

2B7o.8269

3t+Ig,2? sLr

2228,664t

3

11

0

47 L}B52,gBO5

l{s

?3I0 
" 
2I0g

¿rro, n?g
t+gL.B965

69,6t+58

5

2

33'L7

5, Bg

7 ,06

<0"01

<0"01

<0,01



B5

Tabl=g-39" Plgeon - number of nueLer wtth chronaÈln nassesper 100 cell-s,

Tlssue

oerebelh¿m

medulla

nerve cord

Í.ntestlnal
epltheLLum

kLdney

llver
suooth muscle

pancreasa

epld.emS.s

96 99

90 97

90 96

96

B7

95

92

6g

Bl+

B

a

Igþ19_39, Pïgeon - anaLysls of varj.enee table,

97 BB

73 89

95 loo

L9 L0

7t+

35 35

not used. for statlstleal analysls
tlssue not e,vallable

Source of
varlatlon

86 95 ?9

95 97 97

97 96 B?

98 Loo BB

56 Bo 6z

90 83 91

97t+
@

3Lt 35 32

8ex

tl.ssue

sex tLssue

wlthLn cells

35

Total

I
7

7

32

r23,6562

t+t+B53,2969

357 "L+9?2

1188,6?9?

tvZ t+6 Szz,gïa s

r23,6562

64oZ,6t3j

5l-"0703

j? ":'r+62

f Lcani;

3"33

t72,50

L"37

lISe

<0,01

Ì1S e



Tab1e &0" Plgeon - number of eell-s
nuclear membrane per 100

Tlssue

cerebelLuma

meduLlaa

nerve eord

lntestLnal
epf.thellum

kldney

llver
smosth musele

epi.d.ermLe

B6

wLth ehromat.ln masaes on
cells "

0

2

10

a not used. for stattstleal enalysls

Tab1g_:tl=" Pf.geon - enalyst s of vanlanoe Bable*

2L ?.O 23

35 41 33

53 6g l{,,+

t+50
7L2 I

0

Source of
ve,rlatlon

sex

tl.seue

sex tl-ssue

tslthln eells

0

0

0

L5

6

35

3

3

27 12

L3 rg
M t+5

36
95

Total

I
5

5

2t+

Ll.6g,t+fir

88r+8 ,5469

609,B?gz

25"69t+3

35 10541+, 5586

469't+fiL

L?69,?092

I2L,g7 58

r8"27

68"88

t+,7 s

< 0,01

<0"01

< 0,01



Table I+4" Me,llard d-uok * nunber of ehromaùLn ffie.ss€Bo

Tlssue

cerebeJ-Lum

nedulle

nerve oord.

ganglLon

lnteetlnaL
epLthellum

kldney

llver
smooth musele

eptder"mls

No" nuc lqlùh chromstf.n

79

90

1_00

7t+

100

B1

7t+

0c

re
6z i?
Bo 87

79 87

66 ?T

100 91

93 93

100

6Z

6t 75

e

Oo C€I.IB 1{

ehromotl"n naases

34

B2

BB

7?

97

B7

100

53

(.É,

6 tLssue not avaLlable

Female Male

B7

I
4

7

6

B

4

l+l+

B

33

I
22

Lþ2

22

10

10

31



slze and. poelttsn of sex eÏ¡rsmettn Ln nu.eLeL of eells from

lLveru kLd.neya e,nd. m,ed.ulla of garter sne^kes"

Appendtx E

BB



Nueleus Female

tlven

)

4

5

6

7

B

"I7 ,21

,19 rL?

,IB "23

"20 ,22

"19 "2I
.18 "22

"16 ,26

"22 ,22

,27 . J.B

,18 "21

Male

'L¿t "13

,L2 "L5

"11å "14

" lLÞ ,15

,l_5 , L4

,1¿& "r2

" 
1¿Þ ,14

,14 ,l-4

"L3 "L2
,15 . J.4

Female

KS.dney

9

10

,18 .L6

"19

"21

,L7

"19
,20

,21+

Mean

Male

"20

"16

"16

"18

"19
,16

,I5 "l_1 "22
, 1¿Þ 

" 
l-¿+ "zB

" 
lr+ "I3 "??

,I2 
" 13 ,22

,r5 
" 13 .22

,13 "L2 ,25

"15 "13 ,2?

" 
l-1 , 1¿+ ,23

"L6 ,12 ,23

.l¿+ 
" lo ,zo

No " oyl
nuclear
menbrane
per 20
nucLel

B9

Med.ulla

Femsle l{e,le

,20

,20

"19

,26

,2L

"22

"22

,22

,20

.2L

,17 ,18

,L9 
" 19

"21 "20

Lß* .2 untts

Measured by mlerometor ecross greatest dlmensLon"

I1

,14

,18 ,15

,20 ,l_3

"r7 ,15

,19 "L?

,l-B ,15

,ZCI "L7

"16 "13

"16 "l-5
,L6 ,19

,19

13

,L3

" l_g 
" 
lB ,15

,22

0

"17

I 0




