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INTRODUCT I ON 

/I. single DN!l, molecule is an ex.quisitely thin filament, so firle 

that a length sufficient to reach from the earth to the 'un would weigh 

less than one-half a gram. The hum'lll body is s.,:]id to contain between 

10 and 20 billion miles of DNA double helix distributed among some trillion 

cells. Clearly. there must be some very well developed mechanisms for the 

~ackagillg of the DNA into chromosomes, i~S well a'S extraordinari 1y intri

cate mechanisms for the uncoiling of specific, selected moieties of the 

molccul~s for protein synthesis, transcription, replicdtion and chromo

some cepair (DuProw 1970). 

Current research investigations in Cl variety of discipl ines 

related to the field of genetics, including r,101ecular genetics, biochemical 

qcnetics, cyto9cnetic5 and otht~rs, hZlVC yielded significant advances to 

the overall conception of cllromosome structure ~nJ function. Such 

advances have been made possible by the development of an assortment of 

Iligllly sophisticated tools for such resci3rch including high resolution 

electron optics, ~pp] ication of radioisotopes, ilnd cytochemical methods. 

The~ie advances arc now elucidating discrepancies that hJve existed for 

many years. SUCll methods, in correlation with various analytical techniques~ 

ore directing science to the inner <:,<"'Inctums of chromosome-gene interaction. 

One item of current invc5tig.ltion that has contributed significantly 

to the understanding of the chronlosomes j~ the study of the large sal ivary 

g\.lnd chromosomes of the Dipterans, namely members of the genus Drosophi lila 

Within the nuclei of the saliv,'1ry gl':lnd'i exist rather unique polytene 

·"·'i:;;'OJ;;:.:~:';,:_;;..:,,;,-;;;":;';;:~;';';;;:'i.~;;'::~-,,';;G~~:;;;" ;;;_~;:;;:-~w~,~--;:;;'",,-,:,~::;-;.;~~·~:·;;-~~,~;:,;';;';;M;;;;'::':';".;:":;;~-::':": "1";--:",~~._,,;., 
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chromosomes (8erendes and Beerman 1969). The uniqueness of these chromo

someS lies in their extr,)ordinary ~;ilC, ie, some 100-150 times the size 

of germ Cl~\ 1 or som.:ltic chrcxnosomes (Swanson, Hcrz i)nd Young 1967). 

In addition to the salivary glZlnd, the giant chromosomes are 

generally found in the cells of other well di ffcrenti.Jted organs involved 

in vigorous met.:lbol ism such as those of the intestine, rectum, Malphigian 

tubules and 0 vori ty of other cell types in both plants and animals. 

Other gf'.ne.r<J in which polytene chromosoolcs have been identified include 

Sciara, Chironomus, Rhynchosciara ond Eusimulium (DuPraw 1970). 

Apparently, tissue growth in these cell types is unlike normal 

mitotic conditions as there is tin increase in cell size rather than in 

cell number (Beerman and Clever 1964). Ross (1939) observed the develop

rncnt of the sell ivary gland cells of Drosophi 1a melunogaster. He demO'lstrated 

that in the ini tia1 stages of their develorment, these cel Is undergo 

mitosis; hOh'ever, after 18 hours of development, this cellular proliferation 

ceases ,)nd is. followed by the cellular di'::>ten~ion d(~'..icribed above. These 

particular cells then, tire ;:ld~lptcd for interphase synthesis. 

The incre~lsed dil~~I.>n5i('ln~ of the polytene chromosornes, rcaching up 

to 2;1'0'11 in length ,"Ind u~~ to 5~J ;n di,Hr,cter al'e attr-ibuted to thc filct that 

each chromosome begins as u sin9le str,)nd of DNA, then enters into a 

rEp1 iC<1tion rhase (Swanson, Merz and Young 1967). ThIS dupl iC<3tion 

continues a number of times resultinq in a juxtoposition of IOOO-~OOO 

homologous chrolll<1cid 5lrrlnds (OuPr,lw 1370). DuPr,lW and Rae (1966) 

(ll~firle tllCSP strands uS unit chrom~tids. Each chromatid i" thought to 

contain.) single DNA Illolecule (DuPrilw 1970). 

~_r;;', ' .. L .;..',' .-.~,.,..,.. ;.-,.;=-;.;~.::: .-:':'-.:::=:::',=~:i:.~::;:':;'::':"'::':::'''::':;':.::::=====--=:::';-'''::;,.';;'''':'_~'" ._ 
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These polytene chr(Jr."lo';omes COrll,lin lHI intricate organization of 

genetic m'ltcrial in association with d nUf':'1ber of ':ldditioniJl m,Jtrical 

sub5tcJncc~. The polytcr1cS have been cOt1'lp,1u'd to the meiol ic chromosomes 

in the p,lchynCfi)C stage, ie, C1 type of ~omatjc pairing (Swanson, Merz and 

Young 1967). This is also thought to be h'hcre the term polyteny originated. 

Examinations of sE'lliv<lry gland squash preparations under phase optics 

demonstrate the existence of cross striations or bands throughout the 

length of the chr<:xnosome. These bands ~]re thought La result from a 

coi I ing of the densely packed, polypart i tel nucleoprotein material In 

these specific regions (Beerm(ln and Clever 1964). The areas between the 

coiled areas are termed the interbands and contain less densely packaged 

DNA compared to the band reqions (Sarsa and Sorsa 1967b). 

The polytene chrr,jnosornes have been compared to a number of 

structures including an electrical cable (DuPraw 1970). as well as to the 

structure of a rope (BcerrilCln and Clcver 1964). The later concept can be 

used to illustrate a chr~osome model by simp1y visualizing <J rope with 

knots perioJic2l1ly tied ,lIang its length. The rope is constructed by a 

nu:-nbcr of parallel strZlnds thcJt intertwine c,lch other. These knots then, 

exist in a super-coiled state, and can be easily visualized as the chrolTJo

some bands and the untied ,lrcas as the interbands. Figure \ depicts this 

type of coiling and exemplifies the puffinq regions that occur along certain 

PO~ltion5 on the chromosome. 

Although a complete dlscusc;ion concerning the biochemical composition 

of these polytenes will not be emphasized In this paper, it Is, however, 

necp-ssary to offer brief biochemical comments in order to fully appreciate 

-_.•,.__ .__ .. - - .... --_._------_...._--_ .. - .. '.- _. ~-_. __ ..---,---.---,-_._-~. 
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Figure I. - This figure exempl i fies the dense 
coi \ ing of the band regions (A) and 
the less dense interband regions (8). 
A puff is shown (C) as the nucleopro
tein unco; Is in specific regions of 
the chromosome for RNA synthesis 
(DuPraw and Rac 1966). 
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these ~ntities at their fine structur~ll levels. Considerable conclusive 

evidence supports a generally conceived idc<3 that the polytene chromosomes 

of Drosophi \03 rnelano9~15t.cr consist of a number of DNA fibers in Cl5sociation 

with Cl great deal of protein. These proteins include the major histone 

classes, nonhistone proteins such as RNA polymerase and the enzyme for 

histone acctyletion (DuPral, 1970). In ~I"O~~~ salivary gland chromo

soo;es, Boyd. Berendes and Boyd (\968) have meosured the chemical compositions 

of th~sc chrOrnOSC){llcS. They reported thelt the composition is approximately 

2~.8t DNA, 28.5% acid soluble protein (histone), 38.~t acid insoluble 

protein and 8.~% RNA. 

The histon(~ content h<1s been shovm to exhibi t the same marked 

proportionality to DNA th.Jt has been observed in less con1plex interphase 

nuclei (Swift 196~) ond appears to Serve important functions within the 

c h r ()(1IG 5 ()(Tl e • One theory is th':H the histones Serve as a backbone supporting 

the interweoving DNA molecules. Hazia and Jaeger (1939) suggested that 

this protein group closely fo} lowed the DNA distribution within the 

chromosomes. 

Soon after cytologists developed DNA specific stains, it was 

est"bl i "hed thot the chrornomere~ (b'lnds) of the polytenes were the regions 

of high DNA concentration compared to lower concentrations in the inter

bnnds. 1 t remained a controver5~al [sslle for many years as to whether 

the intcrD<1nds conlllincd olny DNA at <111. It J,lter became evirlcnt wi th the 

development of the Feulswn Stain, fluorochrome'), and r,)dioactive labeling 

techniques that the interband indeed contained low concentrations of the 

nucleic acid. 

. ,,··(."f-'.:·"o,.,~ - _.-._.' ,.:~.;,,- ., • __ --C-O_ -':::~'>:-~i':"::;;:.:(, ,:;:::::::"~.;: '.,',__ ,_,"-__~''''''''~,,.,,;.;.:,,,;,,..,._; ...,,'''....J,'',.•.'_.~,~~ ....... ~,,.
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Fo11owing investigators then begiln to entertain the possibilities 

of identifying 5pecific regions along the chrornosomcs where DNA was 

located. These efforts resulted in the overal I assumption of a DNA 

continui ty along the length of the chrcxnosom~. This DNA concentration 

appeared to be more concentrated in the banded areas compared to the 

fntcrband regions. DuPraw and Rae (1966) estimated this chromomeric DNA 

concentration. It "as found that the average DNA packing ratio from the 

lot,11 lt~n9th of the DHf\ double hel ix in ,] or0502h.i la haploid chromosome 

set (ca. 16cm), divided by the entire length of the chromosome after 

stretching (22i9\1) suggested an average packing ratio of 70:1. It is 

evident lh2t there must be remarkably efficient mechanisms not only for 

the packaging of this nucleoprotein material in the bands, but also for 

its uflwir,ding the double hel ix locally to repa; r [lccidcntal breaks 

(OuPra" 1970). 

The polytcnes also serVe as an excellcnt tool for investigating 

RNA synthesis within these chr~nosomcs. Using RNA specific sta1ns or 

ra(J'loact1ve: labels, it is possible to locatp. these areas. Such regions 

are thought to be tne aCedS of high metabo\ic activity identified by 

swollen sections along the chrol"losome, ie. the puffs or Balbiani rings 

(Figure i). The nucleoli of these salivMY giand cells are specialized 

RNA-containil1g structures. These nuclear organelles, when prescnt, often 

appei3r attLlched to the chromoscxne ;~t specific positions, the nucleolar 

organizing regions (Bercndes and Becr-rnan 1969). 

Historically, perhaps the e.lrl iest obscrvation of the polytene 

chromosomes was made by Ba\biani (1881) who can and should be visualized 

.__ .,.••. " _:. ;,,~~',: - - ~:;';T'::'~:' ';;;~;__7~-;-';;;';;;;-:'::.;,.i;;2.;;:-:;-; ....;\::.o:;.ru~~";'8.1;:,~~-.' ..;'::;'i::;:::':':::';: ,.",~~, ....",,-_,,.~:~",,_~, ,. ,~ ...._. 
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as the IlFother of Polytene Chromosomes" sir.cc he clearly identified 

large b<.1nded structures in Chi ronomus larval 50Jl ivary glands. Alverez 

(1912) suggested that the band numbers differed with respect to the age 

of the Chironomus larvae. Kostoff (1930) also made observations of the 

large chromosomes of the salivary glands of Drosophi la melanogaster. 

AI though he fa j I ed to supr0rt his exper imen ta I data, he did descr i be disc 

structures which were reported to have high affinity for haematoxyl in 

slain l suggesting that he was ob5~r\ling structures that housed II pilc kages 

of controlled inheritable characteristics." 

The 1930's proved to be an era filled with many investigations of 

chrof'lOsome structure setting springboards for many later reseoJrch efforts 

in chrorlOsome "tructure and function, Heitz and Bauer (1933) reported 

banding patterns found in polytene chrOfLlosomes in Hc11phigian tubules of 

certain fly genera. Painter (193 1'b) and a number of others began this 

era by offering a number of cytological mar' of the polytenes and outlined 

early relationships between gene location and function. Koltzoff (1934) 

followed [0 funher elucidate polytene structure by suggesting that the 

llaxial threads ll of the chromosomes were the specific sites of gene locatIon. 

These rlgenencmes,ll as they were termed, ore the positions on the chromosomes 

that are tl,e sites where the interbands are located. 

Muller and Prokofyeva (1935) analysed results of irradiated X-

chromosomes of Dros~hi 1<1 mel.Jnogaster. They proposed the hypothesis that 

a one to one relationsrlip existed between band and gene numbers, ie, the 

one band-one gene hypothesis. They prepared cytological maps with specific 

ge.ne positions on the chromosomes corresponding to specific Ilnodes" as 



8 

they were termed. 

Further band number investigations of the salivary gland chromo

somes were undertaken by Bridges (1335) who proposed, from I ight micro

scopic observations of squash preparations, that the X-chromosome of 

Drosophila meL?...:2.-~5ter containE"J Some 725 bands across its entire length. 

i\ revision of this map using similar methods indicated an increase in the 

band count of the X-chrOC\osome by 111%. ie, an increase from 725 to 1024 

bands (Bridges 1938). It ·.-Ia5 also observed in this later study that the 

length of the chromosome simi larly increased, ie, from 220~ (Bridges 1935) 

to 414w. The rationale for this marked increase was that the smaller, 

Jess stretcned chrornosorr.e failed to sh()V.J all of the lIfaintll bands. and 

perhClps more imrortantly, nli'lny double hJnds (doublets) in the unstretched 

chrofnosones WC1"C observed and recorded as single bands (s[nglets). 

The anal()gy of tf,e polytcr,~ chromosome to In ~ccordian 15 useful 

In understanding the morphology of the doubiet. "Unless these chromosomes 

iJre stretched, the doubleness of most b,lnds is not visible and many fine 

or GOI t(~d Jines ,lre ohscured by thci r appr"cssed neiqhbors f1 (Or idges 1935). 

Thus It c'pp~ars the'lt the n\Jmber of doublets obser"ved by various investi

gators: differed depending upon the qual i~y of chromosOF.le squash prep.Jration 

obtained. 

The real ity of the exlstenc~ of the doublet character of many bands 

III the revised m"p of Bridges (1918) h", been questioned (Beerm"n 1962; 

'lcrcndes 1968). This is due to the c,1Icul"tion nnde by Bridges (1941) of 

1299 double bands from a total of 5161 b"nd' among all of the arms of the 

salivary gland chrC<11osomes of p-,_osoph~ mcl"-"-"3~ter (Cooper 1953). 
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The use of ttlC transmission electron microscope. with higher 

magnificJtion and resolution capubilities than that of the light microscope 

has be.en a trcmcncou'5 tool for studying the polytene chromosomcs~ Although 

the electron microscope was in its infancy in the lote 1940's and early 

195DI~, <J number of polytene chnxnosomes were investigated during this era 

(Hei lwei I, lIei lwei I and von \linkle 1952; Her'skowi tz 1952; Borysko 1953; 

Beerman and Bahr 1954; Gay 1955; Loman 1956; Kaufman and McDonald 1956 ond 

others). The qual ity of resolution was inferior since proper squashing 

techniques were not yet developed and mapping of chr~l~somes from whole 

cell preparations W2JS impr'actical. 

More recently, Berendes (1968; 1970) employed the transmission 

electr'on microscope in an investigation of ttiC ultrastructure of the tip 

of the X-chromosome of Dr·~'i()phi~ melanogclster in attempts to further 

understand the controversial doublet phcnc.(1)l'non. He suggested thJt the 

presence of observable dO~Jhl~ts nl~Y hilVC signIficant bearing on the 

correlJtion b~twcvn cytolclgical an(j gCl1Ctic fine structure ~s well as In 

calculating the avcra9c size of a b~nd in terms of haplofd DNA content as 

suggested by BcrC\ldes and 8cerr~an (1969). The ilverage DNA content of a 

.ingl. band was calculoted to be 0.9 X 10- 4 picograms. 

Inve.tigating the X-chromosome, eerendes (1970) compared electron 

r.licroscopic observations to the revised cytological !11ilp of Oridges (1938) 

in (\1D!J Hcgions. lA-liE. Based on ob~crV,lli()ns of 31 diffcrent chromosomes 

III thl~sC rcgions, he noticed a de-finl te band llur:lbcr dccrc.1se, ie, only 

67'1. of the numher of b~nds c.llcliialed by BriJq"s (1938). 

1~) order to conflrrll or dl,.,prove thl~ f\ndlnqo,;; of Berendos (1970). 
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it would be J1ccessary to re-examine electron microscopically regions 

lA-4E of the above chromosome. fin investigation such as this, if in 

agreement with the results of Berendes (1970), would not only contradict 

the cytological map of Bridges (1938), a dogma that has existed unchal

lenged for many years, but would also be a further contradiction to the 

one gene-one band hypothes is of Muller and Prokofyeva (1935). Further

morc, a chromosome band number reduction would be significant in the 

calculation of DNA within these chromosomes Jnd would, in factI increase 

the average band size in terms of haploid DNA content. 

It WcJS the iJurpose of the current investigation then, to repeat 

the efforts of Berendes (1970) as was suggested above, and also to 

eX~!I~lif1(, the r-cm~Jinillg unobserved regions of the sal ivary X-chromosome of 

Q!".9'~{?~~ (i":clanoq,oster 05 far i:lS possible. Here, then, lies the issue 

of current JnvestigZltion. J further (hal Icnqe of optical syster;1S. 

~;;]~~~~S:~;.i~;;;fjiijji,ffi~r'iei;;';"ifi),ih¥¥P2tiiRt#i1tir~41i:g:ldj~o%;"1Ii Zll\1J;;nw 2,i.DbI&Z&;it. """ 



MATERIALS AND METHODS 

Equal numbers of male and femdle Drosophila melanogaster (Oregon-R, 

wi Id type stock) fl ies were pldced/cul ture bott Ie. Overcrowding was 

avoided to insure optimum larval development. Growth media consisted of 

lhe conventional corn meal-syr"up media and ca. t-2g powdered brewerls 

y<..'a:,t plus ;.'] few water droplets added topically. Females were a\ lowed to 

1~1Y ciJ95 at room temper~lture for ca. !~8 hours, being transferred to fresh 

media after eggs were observed. Larval development progressed for a 

period of 7-\0 days. Plump, white, late third instar larvae were randomly 

selected, since sex differcnticltion W~)S not pertinent to this investigation. 

The larv()c h'ere: placed into fixat ive and the sal ivary glands were 

excised following the method of Demcrec and Kaufmann (1967). They were 

then cleaned of atl fatty tissue and each gland cut up into small pieces. 

Fixation dnd ~qu.lshinCJ of the s,ll iViJry qLlnds were undert~lkC:1l follO'v'JinSl 

cl nUjI,lbcr of methods employIng Carnoyls rixiltive, glutnraldehyde a.nd osmium 

tetroxide (Serendes alld Meyer 1969; Serendes 1970; Ell ;son 1971; Perov 

and Chentsov 1971; Sorso and Sorsa 19670; Sors<l and Sorsa 1967b; Sorsa 

1969a and Sorsa 1969b). lIowever, it "as found that a modified Carnoy's 

solution yielded most consistent rf':sults for squ,lshing the sulivary glands. 

In all instances, the aldehyde fixed sul ivary glands were difficult to 

Sqllush by hilnd clnd a mechanicrll press WZlS not aV,lilable for this investi

ij<:lt ion. 

The squashing solution contained il mixture of acetic acid (selected 

for Its good nucielc acid flx.Hlon pr[)pertles), lactic acid (selected as a 
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tissue softening agent)y and distilled water s-uch that the acetic acid 

concentrcJtion remained below 27.% (22-a.l.L). The rationale for this low 

pcrcent,Jge of acetic acid is that acetic ~cid in concentrations greater 

thon 22% may cause chromosome interband artifacts ([II ison 1971). The 

formulo consisted of 20.0rnl H20, 11.5ml lactic ilcid and a.5ml glacial 

,JCt~t ic ,Jcid, ie, 21.3~ 21cetic acid. 

The toto] time requir'ed to r"emove, clean and cut up the salivary 

glar,ds was ca. 2-5 minutes. Appilrently this was sufficient for polytcne 

chromo~ome fixation. It was noticcd throughout thc study, in using the 

22-a.l.f., that a direct relationship existed between the time of exposure 

to this fixative prior to freezing the squash preparations and the degree 

of tissue softening that occurred. The lact"le acid in the fixative o\'er

softened the tissue if the latter was allowed to remain in fixative in 

excesS of 5 mlllutes. Figure 2 shows the laboratory areo used for squashing 

and for phase microscopy. 

Each 1/2 sal ivary glond was thcn placed into a fresh drop of 

fixative on either siliconized slidcs or 0.5% plastic coated (araldite. 

parlodi,")n or clear nail polish), siliconized slides. They were then 

covered with a clean coverslip and squashed using direct thumb pressure. 

It was observed that any direct sliding of the coverslip during the 

squashing usually caused severe chromoso'1le stretching ond/or chromosome 

disorient21tion. This 'iter in the pl"occdurp '-..','lc, a very importont variable 

and perhaps the most critical. The irnpliccltions of this sliding effect 

will be discussed in the discussion $ecLion of this raper. 

Squas!, preparations were examined with a rhase contrast microscope. 
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Figure Z. -- Sal ivary glands were removed under disecting 
microscope (right), squashed and f iriC1l1y 
observed under the Wi ld Pha~c Microscope 
shown with camera attac~'T1cn[ (left). 
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Phase photomicrographs \vCrc taken randonl1y us ing the W'i ld Camera 

<Htachmen::: and Kodak Pl~Js-X 35rrm fi 1m. This procedure was done in the 

t~,]rly st<lges of this investigation for the purpose of chrornasorne 

or i cntZlt ion. }~ high-dry phase photomicr·ugraph is shown in Figure 13. 

The X-ChrO{;10S0mcs were marked 'v-.'ith ink scribe directly On the coverslips 

encircling the general vicinity of the selected chromosome spread. 5 I ide 5 

were lhen mar-ked On the reverse side of the 51 ides '""i th a diamond scribe 

as directed l.Jy the ink miJrk on the 2lbove coverslip4 The purpose of this 

second scribbing was to facilitate locating the desired chromosome after 

removing the coverslip. Figure 3 <;hCMS a dark ink circle (on the coverslip) 

inside of an etched circle (on the reverse side of the slide}. 

51 ides were then frozen at -186 0 (. Covers lips .......'ere then removed 

using the cdge of a razor blade. Dehydration took place in an Jcetone

ethanol series .Jno st<:Jining in 21cetonc saturated with urunyl Jcetate 

(E II i son 19/0) (Figul·c 4). Enlbeddil19 w~s performed using modifications 

of a number of pl"cv]ously dcscribcG techni(ju(~s (GdY '1951); Sp<:'Irivol i, Gay 

and Kaufmann 1365; Brinkley, Mur-pf',y and Rich03rdson 1967; Sorsa lind Sorsa 

1967c; !3crc:ndes 1968 and Ell ison 19/0). The embedding technique employed 

sfliZlll Seem C,-lpsules cut to for-m cy1 inders 6-81TYT1 in length. ,."\1 though the 

disc method uf Ellison (1970) was useful for chromosome identification~ 

it pl'oved to be time consu~;ng Jnd .~JS discont;nued. Fiqure 5 i 1 \ustrates 

lhe disc methud of Elli,on (1970), 

After ,Jehydl-atloll and staining took placc, a single drop of Araldite-

Epon mix.ture was added to the tissue sprCZld. It WJS necessary to exhibl t 

speed and C)ccvr<lCY during the ~lddition of thc drop of embedding media since 

.".-" 
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Figure 3.	 This figure shows the. 91"ss s\ ide covered with 
Dn ink mJrked covers! ip, The inner black circle 
encloses the desired X-chl-qmosome spread. The 
outer I'.'hitc circle is the diamond scr-ibed mark 
on the reverse side of the 51 ide 5een through 
the glass. 



• JlJO! JedaJ s nb awo,,-JLj:J d4:l 

5u!pp~q	 <') pi e 6LqU!E'l 'IJO!. Jp"y-'U!Z;;)<lJj 
JOj P n slt'!J etlJ;Jl{ sMalls aJn5!j S.LJl -'-'IT aJn6!.:l 
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Figure 5. - This figure shO',..,,~ the dIsc method of Ellison 
(1970). The $111<311 disc is u:moved from the 
glass slirje after polymcriziJtion and must the" 

lu~d to a cleQr cyl inder prior to trimming 
<Ind sectioning. 
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the acetone saturated ti5~UC srrcads dried very rapidly. Any drying at 

this stage OddS thnught to cau~c artifclcts within the chromosomes. The 

plastic Seem cylinders I..-Jere then positioned directly Over' the drop of 

embedding meJia, fi lIed to the brim of the cyl inder wi th this medium and 

capped with small gl"" squores (Fi'Jures 6 and n. The embedding medium 

was prepared ei ther as di reeted by the manufacturer' (Araldi te) or as 

directed by Hayat (1970). 

These cyl inder assembl ies were allowed to polymerize for ~8 hours 

at 59°C. They were then removed from the oven ilnd placed on a hot plate 

to faci I i tate the fol lowing procedures. Glass sqUJres were first removed 

from the top of the Clssembl ies folloVied by removal of the cyl inders from 

the glass slides. The plastic capsule coats were removed using a razor 

blade or sharp knife. The top of the blocks, identified by small bubbles 

at their surfaces were marked and designated as that side of the block 

that did not cont,lin the chromosome spreads. 

t31ock", were then oh',(?r'./f'd with .1 ph,lSC microscope. X-chromosomes 

h'L:re i(kntifi(~rl ,lnd l11.::trked '",irh ,1 crescent (half circle) and pictures 

y,'t:re h2lnd Or;l\·m fur l,ltcr rcft~rencc. Using ~r1eSe pictures dS guides, 

blocks \dCrc~ h,Jnd trjraroed I_~S inq a sh<:lrp r<llor blade to C<:l. lnYn 2 (Figure 8). 

Extreme C<:lre t\~d to be exercised in hand trimming because the blocks 

became useless if <:lr:y portions of t~1e X-chrOGlos()(';"Ies h'erc trimmed d'..... dy_ 

Glock fclCCS were then fine triryned on ,In u1 tramicrotome to ca. 

O.Slnn of either square or trapdzoirl shape. The sma 11 size was des ired 

such that later section [e.,rlng or buckllnq would be ilvoided (Pease 196~; 

Kay 1967 and H,ly,lt 1970). AI though blDck faces Vlere small, they were, in 

_ _'--',' .••..._•..~-~C\.'.:;_.. .... ---
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Figure 6. - This modified Seem cyl inder proved to be the 
quickest method. The air bubbles on the surface 

io in identification of the chr~nosome spread 
after reliloval from the glass slide. The chromo
sane would then be en the opposi te side of the 
ubbics since air bubble~ always float to the 

top of the block prior to polymerization. 
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Figure 8. ~	 This figure shOl.Vs the hlock aftor hand trimming 
prior to fin!:~ trilTl'Tliflg. Notice the fIne ink 
crescent on the block face (iJrrow). 



22 

fact, quite large in comp.Jrison to the X-chromosome and required the aid 

o( ,J light microscope for iJentific.:1tion (Figure 9). The fine trirrming 

of the blocks was accomfJlishcd using glass knives prcp.iJrcd either by hand 

pliers or using the LKB Knife .~aker (Figure 10), and tr"irrrned using either 

the LKB I Dr III Ultr,Hornes (Figure II). 

o 0 
Thin scctions of ca. 800A-1500A (Peachy 1958), ie, si Iver to dark 

gold in interference color ~... cre obtained using glass knives and sectioned 

wi th LKB I, III, Huxley or the Porter-Blum MT-I ultramicrotomes. Sections 

wC!"e picked up on either collodi.ln (porlodian 0.5% solution) or collodian

cJrbon st.:~bi I ized grids. Both the Sjt1>trand slot grids and 100 mesh grids 

,'Wr'C used throughout this investigation .. 

Seri<1] sections were obtained when possible, but the majority of 

sections obtained were those first 12-20 sections off of the block face 

selected at randc~. Impl ications of the ubsence of udequate seriJI 

spct[on:ng wi 1 1 be further cons1dprcd in the dfscusslon section of rl,is 

paper. All electron microscopy was done at 50kV using either the Hitachi 

Hs-8 or the RCA 3G transmission electron microscopes. The Hi tachi Hs-8 

fleclron Microscope is sho\"m in Figure: 12. Electron micrographs were 

pl"epured u~ing either Koci,:Jk D-19 or Dektol developers, Kodak Fixer and 

Kodabromide F-~ OJ- F-5 high contrast paper using either Omega or 

Bessler enlargers. 
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Figure 9. -- This figure represents a portion of a phase 
high ry photomicrograph showing the X
ch r' OSOrtlC (arro;.;) On the block face prior 
to ctioning, 

" 
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Comparative results of phase and electron optlc5 are demonstrated 

in Fig~res 13 and 14, respectively, showing the first portion (regions 1-7) 

of the sa) ivary gland X-chromoscme of Orosophi la me lanogaster. The numbers 

presented in these and all other chrQfoosome fIgures designate chromosome 

regions modeled after cytological maps of the X-chromosome of Drosophila 

mclanogdster by Bridges (1935; 1938) and Berendes (1970). In all chromo

somes, labeling begins at the X-chrcxnosome t:ps (region I) and extends 

through re9ion 10. Cach r(,(Jion is s~bdivided and thus labeled A through 

F. These subdivisions were market! according to the maps of either Bridges 

(J938) Dr Berendes (1970). 

X-chromosome regIons studied in the present investigation are 

designated as IA through lor (Figure 15). Further subdivisions of each 

band were indicated by a subscript, SCl that the 6 bands found in IA beccme 

IAI through IA6' 

A number of terms are defined in order to avoid later confusion 

with both tables and figures. A chromosome band wi II be shown In the 

fol lowing electron micrographs as that nucleoprotein material wi thin the 

chromos(~es that has been bound with the electron dense stain uranyl 

~cetate. Phase photonlcrogrnphs Jre unstained. Apparently, polytene 

chromosomes do not r"equire staining to observe them under phase optIcs. 

As seen in the transmission electron microscope, some bands appeared 

cClnsiderably denser than others and were seen as thick, black areGlS 

(Figure 16, Region 18). Other bands were Se'2n as thinner, less dense 

I 
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Figure 13 (left). -. Unstained high-dry phase photomIcrograph 
of the X-chromosome after squashing On a 
glass sl Ide. RegIons 1-10 marked (ca. 
I,OOOX)~. 

Figure 14 (right). Low ~agnlflc~tlon electron mIcroscopic 
obsuvatlon of XMchrornosome of Figure 13. 
Uranyl acetate stained showing Regions 
1-7 for comparison (ca. 4,ooox). 
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Figure 15.	 This figure show n electron microscopic 
representAtion of he X-chromosome complete 
f rom IA- IOF . ArrO~-i indicates a "weak point" 
(ca. 6,ooox). 
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Figure 16. - This is the- first of 16 nigh m<Jgnifications of the 
X-chromosome of the sa 1 i Vi'l ry q I and of Drosoph~ 
elanog~5ter. The tip of the chromosome here shrn~s 

Regions ll\-?A. The six. ,Hrows shoo!'! represent the 
nds IAI-1A6 m"rked i:lS close to their "expected" 

position as Dos~ib\e. The \,,jde Mrow shows the 
thick bond of rf"qlon \8 (c.a. lO,OOOX). 
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bonds (Figure 21, Regions 3E, 3F). 

Some bands were also seen as rows of granules and can be 

visucJl ized and defined as bands (Figure 17, Region 28). Regions between 

the banded are.Js arc the intcrbands and appeared to contain ei ther very 

fine, 1 inear bands or minute granules (Figure 20, Region 3E). The highly 

di ffuse cJrC<":l in Ih'gion 2 of the X-chromosome is the chromosome puff or 

Balbiani rin9 (Figures 14, 15 and 17). 

In Figures 13, 14 and 15, labeliog begins at the top (chromosome 

tip) i)nd ext('nJ~ do......'r ... \,J,1rd for the pur"p()se of presenting the ent! re chromo

some portion studied. Figures 16-32 represent higher magnifications of 

J number of di fferent chromosomes within the regions studied numbered 

from Icft to ri~ht. This lilter mC'thod o.1ided in establ ishing correlations 

with the maps of the earlier investigators (Bridges 1935; 1938 and 

Berendes 1970). 

As .."ill be stressed lat~r, it was quite difficult to determine 

whether ~ reg[on was b~nded or nonbQnded due to the high dpgree of 

granulari ty [n somc regions of the chromosome. In most cases, however, 

these griJnuli3r are<JS possessed a definite linearity; thus band numbers 

were estimated by counting thc5C rows of \inear granules as s[ngle bands. 

Thick bands as well as thinner bands were counted as if they were single 

bands (singlets) (Figures 23, P,egion 4F, and 24, Region 6B). 

Some bands, especially the thicker oncs, appe8rcd as a single band 

spli·... in h,Jlf, ergo a double b3nd (doublet). These were counted as two 

separate band' (Figures 21, Region 3D, and 24, Regions 5C, 6A). The 

signifIcance of th'ls double feature \.Jill become more apparent 'ater in 

.,_,_"~:_,, ~t<·· ...•.. -.~ •. ;.;l_';'"'~-,-.,-'"'._~ ..... ~"'~~,_"'.,... =:====='='c'====== _ 
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this paper as it is related to the total numbers of bJnds counted. 

Intcrband regions generally appeared to be considerably less dense 

conlpared to most of the banded areas. Finer bands were often observed 

within the interbJnds as we\l as smaller granules and small fibrils. 

These small fjbri Is appeared to exist in a double l parallel configuration. 

This was observed occassionally in wel\ stretche~, highly magnified 

chromosomes. These fibri Is may be the 70~ fibri Is described in il\terband 

areas of polytene chromosomes by Sorsa and Sorsa (1967b). I t was almost 

impo5Sible to identify these extremely smal J fibri Is in any of the higher 

magnification micrographs in this investigation due perhaps to the lack 

of adequate focusing in many of ('he micrographs. 

Those greatly stretched chromosomes observed demonstrate the concept 

of the protein Ilbackbone l1 and are highly suggestive of the elastic nature 

of these polytene chromosomes (Figures 27 and 28) (OuPraw 1970). Some 

regions of the chromosome exhibited extremely diffuse composition. The"se 

regions were observed either at the extreme tip of the chromosome (Figure 

16, Region lA) or within the puff are,' (Figures 11<, 15 and 17. Region 26). 

These latter puffs seemed to lack definite band arrangements. Measurements 

of granu\e sizes were not accurately calculated but were thought to fall 

within the rt1nge of dimenSions described by Berendes (1970), ie. between 

o 0 
250A-800A. 

Hid-region sections of a total of 10 different X-chromosomes were 

obser'ted from areas wi thin the Regions IA through lOF. The tables that 

follow represent the bands counted in tho<ic regions mentioned above. 

T,)bl~ IA't1nd 10 rep,-escnt tht· tuttll bnnd<; counled of a vJrlety of 10 

,., ....c...... __• .,. f ' '~,' ,-~~,~:::,,:~,_, .-...__• __• ~ __._.••• :.. -._. _·=~__:;.:c."',.._--,- ,... ;6._ I.. 

http:c......__�
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different X-c~romosomes from Regions lA t~roug~ IOF. 

Notice in Table tnat in some regions band counts are not 

included. The reasonS for this was rluc efther to poor c'arity in that 

specific r~gion or that the section obtained did not contain that region 

of the cl,r~nosomc. Band nunlbers In Table \ aSSll~e that all bands are 

s i n9 Ie. The band numbers shown rerrcscnt the 10 chromosomes observed in 

v,Jrious regions of the chrornosorne. ~lQtice t~.t t~is table indicates that 

Lhcre W.JS higher probcJbility of obtaining sections of the chromos()(j1c tips 

th,Jn of regions tow.Jrd [11(' chromosome center. 

ToeJblc II represents oJ distribution of those chromosomes containing 

"probable ll double bands (doublets). Thus, bands t~at appeared spl i tare 

shown in this toble. 

TaL1f' lIlA cOl'ltJo:lres the electron microscopic observations of 

nerendes (1970) in Regions 11\ throug~ I,E to those observations made in 

this. ~tud)' in the SClrne regions. Double band!> ~'Jere taken from Table II. 

Table IIIB c(\lrIo1etC's the ooserv,,:ltion":> m,ldc 'I~ this observation in Regions 

~F through lOF. T,]~lt~5 lVA and Ive 'r-.'crc included for convenience to 

compor" bond numbers between nridges (1935) and Bridges (1938). Stat is-

tical representations of bolnd numbers observed in this study are shown 

In Table V. t,Jble VI is included <1S a 'Ihypothetical " mar representation 

of the bands obst~rved in P,egions 1/\ through IOF bas[:d on electron m;cro

scopic ObScl"v<1tions. Thi::, tablt' is a SUfll!l1.3tion of Tables 1\ and IlIA, B. 

Except for RegiGns 28 (puff rcqic\n) ,Jnd R,eqion 7A through 7C 

(chroJn('lsome ov~rl.Jp), <111 bdnds included in t~e rndp of T<Jble VI were 

observed in CIt lee-1st tl,-.,l() but ml)stty three diff~rent chromosomes. 
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Calculations of band percenttlges from,electron microscopic 

observations in Regions li\ through 10F indicate a marked decrease in the 

total number of bands as observed by Bridges (1938) using the I ight micro

scope, ie, 49% of the bands. A greater band number reduction was also 

observed in Regions 4F through 10F which totaled I.I~ of the bands of 

Bridges (1938). Regions li\ through 4E, however, indicate a less marked 

band number decrease compared to the electron microscopic observations 

of Berendes (1970) in the above regions. Calculations in Regions IA 

through 4E are, in filet, in agreem"nt with Bercndes (1970) who calculated 

67% of the bands of Bridges (1938) since 66t of the bands of Bridges were 

observed in these f1 rst regions. This overall reduction in the number 

of bands \..,rJ,S thought to hcJve significant implications on the calculation 

of average DNA rer band. The reason for the reduction of observable 

bands in the regions investigated was thought to be due to the decrease 

of observable double bands as has been described by Bridges (\938). 

Further speculcJtion on the reasons for this overall band number reduction 

wi II follow in the discussion section of this paper. 
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Figure 21. - This figure shows !\cgion5 }I 4A. Thin arr'ows 
repro sents two thinner bands of Regions 3E and 
1 ,0
Jr-. Thick arrow represents tYIO douhlets shown 

In gion 3D (ca. IO,OOOX). 
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Chromosome Chromosomes Sectioned Number of Bands Consistent
 
Region and Observed in the Counted in Each Band Number
 

Electron Microscope Reg ion	 per Regiont	 t~I 2 3 4 5 6 7 8 9 10 
A - 6 6 ~ - ) 6 5 - t3	 '" 
B - 5 4 4 5 6 6 6 6 - 6
 
C - 3 2 3 2 2 3 2 2 2 2
 
D 3 3 2 3 3 3 3 2 3 3
 
E - 2 3 2 3 3 3 3 3 3 3
 
F 4 I, 2 4 I, 4 4 1, 4 4
 

. . . 
2	 A 2 2 3 2 3 - 2 2 2 2 2 

B 6 6 I, 8 6 - - 15 - - I5T. 

C 5 3 3 4 5 3 5 3 3 3 3 
D 2 3 3 2 2 3 2 I, 2 3 2 
E 2 2 2 2 I 2 I 2 2 2 2 
F 3 3 4 3 3 2 3 2 3 - 3 . . 

3	 A 9 9 9 6 8 9 9 - - 9 
B 5 - 5 4 - 5 5 5 - - 5 
C 6 5 5 6 6 6 . 6 6 6 
D 5 5 6 4 5 4 5 5 - - 5 
E	 5 5 5 4 4 5 4 - - - 5 
r	 5 3 5 6 6 6 6 6 

. . 
4 A 3 3 3 3 3 3 3 - 3 

B 3 3 3 3 2 3 3 - - - 3 
C 7 7 7 7 7 7 - - 7 

I, I, - - D	 5 5 5 5 
E I I 2 2 2 2 - - -	 2 

Table I.	 This first part of Table I is a tabulation of 
(Part A)	 observed data through Regions lA-4E for the purpose 

of cDmparison to Bcrendcs (1970). The continuation 
of the table is orc the following page. "This number 
of bcJr:ds in Region 2B was observed only once but 
introduced into the C<llcul<ltions. No double bands 
LIre included in this t<1tJul<3ljon. 
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Chromosome Chromosomes Sectioned Number of Bond5 Consistent
 
Region and Observed in the Counted in Each Band Number
 

Electron Microscope Region t ~egiOnt --I 2 3 4 '" 0 6 7 8 9 10
 
4F" G 5 5 6 6
 

5	 A 5 5 5 5 5 5 
B 3 3 3 3 4 3 
c 3 3 2 3 3 3 
0 3 3 3 3 3 3 
E 4 3 3 4 4 4 
F 3 3 2 2 2 2 

. . . . . 
6 A 2 2 I 2 2 2 

B 2 I 2 2 I 2 
C 5 - 5 4 5 5 
0 3 3 3 2 2 3 
E 2 2 3 3 3 3 
F (, 3	 33	 2 3 

. . . 
7 A 4 5 5 5 5 5 

B 3 2 2 2 2 
C 6 5 5 5 5 

I, I,0 4 4 -	 4 
E . 5 5 5 5	 5 
F . 5 5 5 5	 5 

. . . 
8	 i\ 3 2 2 2 2 2 

0 - 3 3 3 4 3 
c - 9 9 8 9 9 
D - 4 4 5 4 4 

ljE - 4 4 4 4 
F - 3 3 3 3 3 . . . . . . 

c9	 f, 5 5 ~ 5 5 
B - 3 3 3 3 3 
c - 3 3 2 3 
D 2 2 I - 2 
E - 5 5 5 5 
F ,\ I t - I 

. . . . . 
10	 i\ - 4 3 3 - 3 

0 (, (, (,7 
C 4 4 - 4 
D 5 :, " ,") - 5 
E - 3 3 3 
F 3 3 

" 4 - 3 
------------_.",-,._----_._-_._-

Tobie I • -- Til is is the cc',J~lplL'tjon or Trlb1e I (P.1rt A). Reglon5 
(Part G) lIF-10F 2r{' ~I ivcn wi th dclt,l r""resented in Ctlch region 

of each .. As showll, chromosomes G-IO werechronK~'SOl1h"'. 

nOt sectiorl~cl thrl)u9h R~~ior'5 4F-l:E. No double 

bands ~re prC5c"t ,n t his L'lbulJtion. 

;:-m~ "MiDi~t£&= 
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Chromusun'c 
Re9ion 

t 
A 
B 
[ 

E 

Chromosomcs Scctionec 
,Jnu Observ('d in :hc 

Electron ~\icroscopc. 

Double Rands Observed 
in Chromosomes 
--12}456 

I 
I I 2 
I 

7 

Number of Double 
B<"Jnds Countr:'.d in 
E,lch RC9ion 

t 
8 9 \0 

2 

Most Consistent 
Number of Double 
Bands Observed 

t 

2 }\ 

3 1\ 

D 
2 

2 2 2 

I, ,\ 

B 
C 
D 
E 
F 

I 
1 
I 
I 
2 

S 1\ 

C 
D 
F 

2 2 
I 
I 

2 

6 A 

7 A 
B 
E 
F 

2 

8 

9 

A 
8 
C 
D 
E 

A 
U 

. . ... 
2 
2 

I 

I 
2 

10 f, 

e 
E 
F 

-2-\-

Table I I.	 Th~s ta~lc gives the distribution of double bands ~s 

ohscrved. Doublets were d~suned i f ~ barld appeared 
split~ These d,1t£l wcr(' uscrJ in the mar ShClWrl in 

Tablc IV. 
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Electron Microscopic Observations \1 Electron Microscopic 
of Bercndcs (1970). Observat ions 

Granu \ ae and 
ChrOl110S0rnes 

R~e2l?_r: 

Singie 
Bands 

Jouble 
~<lnds 

Granular 
Areac:; 

Tota I 
B.. nd~ 

IISingle 
.3S one 

Bands Double 
Bands 

Total 
Bands 

1 A 5 - I 6 
B 6 ( I ) I 8/9 4 I 6 
c 2 - - 2 2 2 
0 - I I 3 3 3 
( I I 3 I I J 
F J - I I, 4 - 4 

. . . . 
2 A 4 - - 4 I I J 

B 14 - I 15 15 - IS 
[ 2 I 3 3 - J 
0 2 - I 2 2 - 2 
( 

F 
2, I 

-
2 
4 

2 
J -

2 

J 
. . . 

J 1\ 8 - I 9 7 2 9 
B 
[ 

4 , 
~ -

I 
I 

5 
6 

5 
6 -

5 
6 

0 2 I 2 3 2 7 
[ I, I 5 5 5 
r 6 6 6 - 6 

. . . . . . 
4 A 4 - 4 2 I 4 

B 3 - - 3 0 c I 4 
c 8 I I I I 6 I 8 
0 6 - - 6 I, 1 6 
( I I 2 I I J 

. 
'[ 0 t a I Bands 94 4 14 116 I I 94 10 I ]i, 

Table I I I.	 The above data arE tabulations of the band numbers seen in the 
(Part A)	 X-chromosome of Drosophila melanogaster in Regions lA-~E. 

Data on the left is from Berende<. (1970). Double bands are 
included in this tabulation (see Table II). 
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ElectJ"on Microscopic Observations 

Chromosome Granular and Single DDuble Total
 
Region B~lnds as One Band s Bands
 
4 F 6 - 6
 

· · · · · · · . · 5	 A 3 2 7
 
B 3 - 3
 
c 2 I 4
 
D 2 I 4
 
E 4 - 4
 
F 2 - 2
 

. . ·· · · · · · · · · 6	 A 1 I 3
 
B 2 - 2
 
C S - S
 
D 3 - 3
 
E 3 - 3
 
F 3 - 3
 

.	 .·	 · . · 
7	 A 4 I 6
 

B I I 3
 
c 5 5
 
L1 1< 1<
 

E 5 5
 
F 5 5
 

. · · · · · · · · 
8	 f\ 2 2
 

B 2 I 4
 

E I, - 4
 

C 9 9
 
D I< 4
 

F 3 - 3
 
. · ·	 · · 

9	 A 4 I 6
 
B 3 - 3
 

D 2 - 2
 
E 5 - 5
 
F I - I
 

c 3 - 3
 

.	 . . ·· · · · 10 A 2 I 4
 
B 5 I 7
 
c I, - 1<
 

D 5 5
 
[
 3 3
 
F 3 3
 

. . .· · · · · 
Totc I Bands 127	 I I 149
 

Table I I I. --- lhe alJ()v~ tablJlatlon rl'pr('5~Gt; pl('ctro~
 

(Part B) micro~,co;-Jlc ('t~",('rv.;t i(ln~, in KcC!iol1s 4F
IOF. D0~ble t)~r,ds ,Irc' inc. \ uc!c·:J. 

I"!'" 
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~.ilp of Bridges (1935) Map of Bridges (1938) 

ChroG 1oscyne S i nglc D'lublc Tot.11 Single Double Total 
Re~__i~_!l B<1nds Bards Odnds Bands Bands Bands 

I~\ 3 -y------ 7 I 8 
(; 7 7 6 4 I4 
C 3 3 I 2 5 
D I 3 2 I 4 
[ 2 4 I 2 5 
F 1 3 2 I 4 

2 A 1 3 2 4 
B 8 8 6 6 18 

I,C 3 5 3 10 
o 6 5 2 2 6 
[ 2 2 I I 3 
F 4 4 6 6 

3 A 5 2 9 8 I 10 
B 3 3 2 I 4 
C G 2 10 12 
o 1 2 5 4 1 6" " 
E 2 1 2 3 8 

I, I," " 3 3 9 

I, I, 2 6" 1\ o 3 3 2 2 6"
C 5 2 9 8 16 
o 5 5 3 2 7 
[ 3 3 ,

I I 3 
. , " 

T() l LI I r~,lll d ~; H2 1(, 1I', I I (,8 53 17" 
. __L~_, __ 

T.; iJ I" I V. Th·· li,lt;) Jhl'~'\' h'·:J'S t,1kl~n frl.)(ll :hc miire, of lht~ X-chromo':lornc 
(Pcl t fl) (d ~_::??~~J.,'2.~.::...12.~~':}-2~~_ frorl Bridges (1935) On the left 

2nd fr(I"l Rri,~qt'') (I'j.~t,) tVl thr2 rilJht. They s~{Jw duta in 

Reaions lA-~~ for compJrison to the electron m~croscopic 

Ill,'~ of B~~rC'nd('s (1970). 

~'r'-"~ ~l 
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Map of Bridges	 (1335) Map of Bridges	 ( 1338) 

CI, r CY'lO '") Oint'	 S i nel I c DOllblc Total Single Double Total 
Rcuion	 Bands 8<Jnus Band<: Bands Bands Bands
I<F	 ""4 I 

·· 5 II	 3 1 5 6 4 14 
B 3	 3 2 10 
C 6 6 "3 10 
0 3 2 7 " 
E	 4  2 8 
f 2 - "2 

"3 8 

2 2 6 . . . . . .· · · · · . · · · . · · · 6 A	  - 2 
B " 1 I 3 -	 42 " " 
C	 3 - 3 7 3 13 
0	 2 - 2 2	 83 
[	 - 3 2 2 63 
F	 5	 5 I 5 I I .	 · . . . . ·· ·	 · · . · 

7 A	 - · 6 · · . · · · · 3 · · . 
2 8 

B "4 - 6 I 8 
c 5 - "5 3 3 9 
D	 8 - 8 8 7 22 
E 6 - 6 5 3 11 
F 1 6 4 3 10 . "	 . .· · · · · . · · · · · · 8 11	 1 J 3 1 2 5 
B	 I, 2 8 2 8 
c 1 J - J J " 57	 17 
D	 5 - 5 12 
E 7 7 "2 "5 12 
F	 4  2	 10" · " · . .· · · · · 3 A	 5 - 5 5 - 5 
B	 6 I S I 7 15 
c 2 1 /, - 3 6 
D 3	 3 2 J 6 
E	 6 - 6 2 10 

5 " J 3F 5 

· · 
5 

· "· . 
Q~ 0 f\ 8	 u J 5 \ 1 

B I I	 I I 5 6 17 
c I 6 - 5 10 
D "5 - 5 6 1 8 
E	 5 - 5 2 2 6 
F 5 5 3 II5 

.	 . . .· · · · · · . · · · · · 
To tal B~nds 161 13 187	 · · · I 110 127 364 

Table I V. -	 The abc~e labulatlorl : '> t h c~pletio~ of 3ridgcs ( I935) on 
{r,lrt !3)	 t ~ {' left ;Ind 8rid~IP~ ( 1J.'~' ('lrlp c'n the' right. R'~g i on 'J 5 ha.... n 

~ere ~rc ~r-!OF. ih(' t~t~ ~ of Regiorl5 4F-1OF in Bridges 
(i935) nl;ll) w~rc countt'd ~~ clu~(~1y JS ~osslble since rIo 

v~lu~s w~re glVC" a~ to c i:'CJlc' or rJouhl(' ~and5. 

~.~~:Z:,7dwM,*.. dGE JU, S & 
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Investigator Region Tot~ I B,'nd Percentage 
Invl'st isated Ilumbcr Counted Ca leu lat ions 

Bridges (1938 
Light microscop1c 1/\-4 E 174 

Berendes (1370) 67% of Br i dges 
Electron microscopic IA-4E 116 (1938) map 

Electron microscopic 
observJ t ions lA-4E 

Bridges (1938 
Light microscopic 

Electron microscopic 
observa t ions 

Bridges (1938) 
Light microscopic 

Electron ~lcroscopic 

ub~crvJtions 

4F-IOF 

4F-IOF 

lA-10F 

IA-IOF
 

Table V. The above Table is 
shc~ing percentage 

lOb as single 
bands 
114 wi th 
doublets 

36 1, 

135 as single 
bLInds 
1119 wi t h 
dou b I e::...:.t::.5 

5,8 

&1% of Bridges 
(singlets). 
66% assuming doub
lets. 98% of 
Berendes (1970). 

3~ Bridges 
(singlets). 41% 
assuming doublets 

_ 

26, 49% of Bridges 
wi th duubldS (1938) 

a t.bulation of Tables I through III 
c~llcul<lt ions. 

~ l1li 



59
 

. ,,_ ,I ) I IJ!!/III". 
~r:HiTmITI~'lffi; I II')' 1111'~1IT! ',' I !fITI
,1::;,'i:';\lIIIII'I(lllil"I/1 ~II~III!I WI'i;lli,!I 11'1 11 

,rC!jlr,,'~~~~l "Jr~:"r 
1 ~12 2 13 314 

mm,~ tJl:1IDR1TITI1 I(" I, ' I" }]IIT!
-111JI ~"-'~~ -,.,>,lcJL.L
!' rrr~iU~ -

I II 

E 
F -r A BF 1 A I C ~o I EI F 1 A I [' I c I ole c oT 

I 

~15 5)!(6 lS17 
~~--~-

llimfl!!!/Jl~~[~HiJJ !mrW!I!~;I![!n;mmmWlr~{ummjJnl~>
 
I '- l-~1l)\L I I I I I 

ElF JB, C ~ E F ;, IF A 8 [ DEI FI f'I8 leoIE 

-710JI¥ ~ 8 1 :3 9 110 10111 
.__ -_._-------_._---_._------------------ - ._~-

Table VI. This table represent' " map of Re'lions IA-IOF of the 
X-chromosome of Droc,o?hi \,1 '1\clan0<1J5ter taken from 
electron micrcgrJPhslnl!:;-;s-first h~lf of the chromo
<;00',(:. Lines dra....'n rf'pr,,:>':>I~ntinCl h.1nds drc either thin 
singlets, thicK sil1'llct r" l.1r,lnul,~r s'ln01et <.lrea,; 
(puff 2S), Of- doublets (~i)' S,OQOX). 

.::::r~-.':'" .MJl.illti.c&£ . assam. IIIl:!lll M-
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DISCUSSION 

The polytene chromosomes have been the prototypes for genetic,)' 

and cytological studies for many years. They have been thoroughly 

investigated with the light microscope and have only recently been studied 

using electron optics. Early investigations of the polytene chromosomes 

began in the late 1940's and early 1950's but the results were as inferior 

dS l:lt: U..':'':'~lnjques !~r-)ployed. In these studies, whole sal ivary glands were 

sectioned, a~ flJt embedding techniques h'cre not avai lable in the 1 iterature. 

lIerskowi t" (1952), however, mJncged to describe large numbers of 

gr.:Jllular particles within the' intcrband regions in electron micrographs of 

i..lI.... ctic LlCld fixed chro'1losomcs. Hei L..reil , Hci lwei \ and van Winkle (1952) 

also confirr:'.,:'J the presence of gr.Jnular prJrticles that had diameters of 

c 

30Ur, using sin1i I"r methods. Lam.)n (1956) used Zenker's Fixative and also 

dcsuibed these panicles. Borysko (1953) noticed a depolymerization of 

nuclefc acid Jnd J gcncr~1 disorgJnization of hJnds after fixing the salivary 

gl.Jnds in osmilHil tetroxide. 

The choice of fixative is imrort ..lnt in the study of polytene 

chromoS()(:lt',) ~}L':'h .1t the light <:'lnd ~1('ct_ro~ nicrac;copic lcvels. Acetic acid. 

a yood fixlrlg ~gcnt for nuclcoproteins h2S been the choicc fixative for many 

yeo1 r') • I t has bcen USCG in various flxinq forr;1ulae by earl ier invcstigators 

usi,," the lig!ct microscope (Pointer 193 1,,,; Bridges 1935; 193B), and by a 

rlur,"lber of electron microscopists Invcstig,Hing the polytenes both early 

(Hcc,kowin 1552; Lexn,)n 1956), and moCe re:ccl1tly {Berendes 1968; socs" and 

Sorsa 1967:'; 1967c; 50rsa. Pusa, Virronkuski ,lI,d Sorsa 1970; Sorsa 1969c; 

-
 • SJIiSOOJiZLIliiIl 
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Oercr,des 1970; Ellison 1971 "nd others). 

Ac~tic acid has been known to c~u~c certain artifacts, especial1y 

wit),in tl,e banlJs, artifacts tllat may be highly significant in cytological 

map pr~par2tion5~ Yersko"itz (1952) suggested that it is important to 

consider the ~hysio-chemical nature of the polytene chromosomes for any 

satisfactory interpretation of chromosome structure. He suggested that 

there is a 105s of water and glycogen from the chromosome upon exposure 

to acetic acid. It hils also b~cn dc;;~onstratcd by Kurnick and HerskQV.Iitz 

(1952) that d,'soxyribonuclcohistonc is tr,)nsformed into precipitated 

~llet'tS and f;bpr~ after acetic acid exposure, thus indicating that 

J(Jinitc physic.]] ch<lnges occur <15 well. Acetic acid is also thought to 

caUSl: chrol:l'JSO~le <;hr i nkJge (Herskowi tz 1952). 

Sors~ and Sorsa (1967b) suggested that accttc acid destroypd the 

rner.:br<3nous fine structure of the cytop1<lsr:'l. 501"S<3 (1969c) demonstrated 

<:I hi9h degree Of band vacuolizcJtion using 45% acetic acid fixation. 

Thio; \..... <:10; cOl11par(~d to a 3: 1 acetic acid-!T'eth<lnol fixative which produced 

considc'r,1bly ic,;s v,Jcuoliz,Jtion. 

OC'5pit(' these disadvantt~9!"!S, ho\-.'c',,'(~r, Jcetic (lcid h<1S been employed 

in electron rnicroscopic investigatio:ls since it offers good contrast when 

c()rr1~jrlcd wi th U1(': hc.Jvy metJl ur~lnyl ('ICet.ltc (Sorsa rind Sorsa 1967b). 

E.11ison (1971) suggested th"t <Jcf'tic <lcid usC'c in concentrations less than 

i.=".~ wou'le ,'"Iot prodtJce siqnifiC<lnt artif.Jcts. A can c en t rut i on 0 f Z1 .3-;' 

L:scd in this investigation upp,lrently did producL~ thi<; condition, r,owever, 

'n a number of different chromo'oC1cs (Figur~< Z2 ,)nd 24). This artifact 

is si9nificant 5ir1[l2 it relates to th(·: doublet b,Jnd fornhltlon. 

_ l.#thiN. ,"" ,~ '" 
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Other fixatives were Illd with some opposition. All aldehydes 

ernployed made the chromosomes very hard and d i fficul t to squash u:lder 

normal thumb pressure. (Foot presses ar~ generally used by others to 

squash the sal ivary glands and can produce up to 3,000 lb •• pressure). 

This was another rcason for the selection of acetic acid as the fixative 

used In this study. Osmium tetroxide does not produce adequate fixation 

and W.J5 nol used. The acetic acid precipitates nuclcopr()teins quite 

reuJi ly forming iI high degree of cornpJClneSS ,15 seen in the chrornosome 

f igure-s~ 

Berendes (1368) compared fixatives in an early 5tudy of the salivary 

gland X-chromosome of Drosophi la Clelanogaster. He compared both aldehyde 

and acet ic acid fix"tives and squashed all sal ivary glands in 40% acetic 

acid. Interestingly enough, banding pdtlcrns were found to be simi lar in 

all pre-Fix.ed chromosomes. The <lrtlfilcts described in the present 

investlgiJtion tend to be in agreement with the artifacts discussed by 

Sors" (1969c). 

Recent electron ~icroscopists have investigated other arms of the 

Orosophil£l polytenes as well as thosc in a number of other animals and 

plants. Perov Dnd Chentov (1971) described a high degree of disc struc

lur,,, in Chir,'~r."us salivary gland chromosomes. Sorse and Sorsa (1968a) 

investigated the sal ivary g1and ro1ytcncs of Drosophi 'la rTle1anc:.9aste~ 

descrihing granular regions of the bands <15 reprcscntinq II SrTl ,]] \ individual 

chroi1)()~ncrC's.tl H;lny chromomcr~s were UC5cribc-u to be connected by 'il1ort, 

longitudinal ribrils resembling the intcrb<lfld fibrils. High magnifications 

of the interband regions showed t.hat they \-Jcre composed of parcJllel fjbri 15, 

&Kg ;&, ...... ~,~22 .Jms & 
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oftencd arranged in loops or coi \5. These fibri Is \-Jcre determined to be 

o ~ 
70A-I~OA in diameter. Each of these fibri Is have been further resolved 

to be composel' of two smaller, pclCallcl subfibri Is of 20$.-30/\ in diameter, 

ie, the approxir.lJte dimensions of the D~lA molecule. The parallel config

uration of the interband fibrils was observcc on one occasion using the 

high Jnagr,ificatlun pole piece of the Hitachi HS-8 microscope and were 

probably the larger 70A fibri Is mentioned. 

SorSil and Surstl (1968;]) also 5U~n(,SlCd that the squashing pressure 

ser;Jrates the bands into srTi<Jl1er bands indicating that the bands ;,"Jy be 

composed of several success'lve chrornomcres (Figures 27 and 28). Other 

thiCKer bands S<"em to retain their'integritl (Figures \8 and 23). This 

may h,lVl:: S()I";lC s,Icnctical significance if ,1 structural difference exists to 

cause this difference in band appearance. This could also have some 

bea:lng on eel"toin types of chromosomal breJ~,s oS in interchromomeric 

crussing over. 

Sors" and Sorsa (J968a) suggest that the band compactness is due 

to the accu111ulJtion of "prirn<Jry gene product l' and protein-l ike substances 

I n that band reg ion. The puffing pattern of these polytenes has also been 

described by Sors,1 (1369b) who described high granular; ty and fibrous 

;;lii~'('2.ri]nce in these 5~_iccific sites along th(' chromosomes. In most cases, 

banding pilttern~ \~lthin th~5e puffing rcg;on~ are very difficult to 

i ntcrpr\::t. [krendf'~ (1970) ~ho\o.'erj 15 b<1lluS in this region l)nd although 

this number r,:.JS only ~)bscrvC'd in One chrclGK'some in this study, it was used 

in the c,]lcul;:ltion ur percentages. Sors" ,'nd Sorsa (1969b) specu lilted 

th<Jt this puff disc'rqanization is attribllt,Jbl~~ to the high arnount of 
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nl~tl'ix substances accumulatfng during the synthesis of RNA. 

With reference to the interbands of the polytenes, Sorsa and 

o 0 

Sor"sa (1968b) described sm,,11 100A-2COA granules within the interband 

regions situ<:lled in rows longitudinally oriented. These partic\es were 

o 
speculated to connect two cldjaccnt 301\ fibri ls together suggesting some 

role as rcpliccJtion cjuides bet ...·cen lhc p<1ra1Jel 30.4 DNA units. These 

<1uthors also mention the term 11ir'.inib.Jr,rl" which forms when the chromorneres 

,1["C lligtl1y strctchpcl. 

rhl'~C (jcflcrcll clcctrun r:licrosco;)ic (lbscrv,lt iotl'j <1150 ,lrply to the 

~al iV.Jry gla_'"lrJ X-t.'lr()Il~OSOI;1L' of ?~~'::>Yj-~_~_ ~~aIl09r)5t~~ ,)5 <;hm-m by Berendcs 

(1368; 1970) u!d ,15 described ~ror1 cll~ctroll n~icro'~lraphs in this invcsti 

9<ltion. Frr>ll1 the oDserveltions iq both rllrlts ~\nd .Jnimoll polytene"">, very 

t.'lal)orate chrolnusumc l;lodc!s have LJcen iJrt'parcd (LofT1an 1955; SorS<1 and 

Sorsa 1967b; 1967c; 1968b dlld ethc.,,), 

More current cytological mappi,""Hjs r)f the X-chrQ0losome of Drosoohi la 

mcl~~..9..astcr have been prepared by.) f1lJ,Tlbcr of investigators. Ot'rcndes 

(1968) found 60, of the bands of BriJrJCs (1938) in Rer1ions 1/\ through 3F 

I~ his electron microsccpic study; he later calculated 67% of the bands 

of Bridyes (1938) in the Regions 1/\ throu;h I'E (Berendes 1970). Sorsa 

(1969c) also noticed a rcductior, of b0nd nllMber in an electron ~icroscopic 

irlvestigatiun of the L;al ;V<JIY glcJnd 3P,-cnrornosomc of ~rosophi]a melano

qcl~tcr. He obt<J:ncd an average of ~:Ot.. (If th'2 ~8r1ds shown in the 1 ight 

;:licro':-C0p(' of Brid<Jl>s (19!~2). 

Frcxn 0tst.~rv,,-ltions of the 5,]1 iV.Jry gl.-~nd X-chromosome of OrQsoohi la 

Clc1anoqaster in this "tudy frc.,." T,'blc V, 119% of th~ bands of Bridges (1938) 

•
-
~_._~·"illti"HW& 
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h'CfC observed in ['cglans IA through lOF. There must be some explanation 

for such a band number reduction when investigated with electron optics. 

As has been mentioned above, the discrep~:Jnc.y 1 ics in the amount of obser

vJble double bands (doublets) in revised chromosome maps of highly 

stretched chromosoMes. With reference to the above mentioned discussion 

concerning acetic acid, a single band may become vacuolated and appear as 

a doublet. It is also likely that stretching can transform a single band 

into a doublet. So th(~n, a s1nglc banc1 C~n either be fixed, squashed or 

pulled into th(' forrn of a doublet, triplet or perhaps any number. It 

appt"urs in ,1]1 prnbabi 1 ity that this stretching was a key factor in the 

band raj;llL~cr incre,lsc (.)f the X-chro~osomes of Bridges (1938) compared to 

his cClriicr ""'I' (Sridges 1935). 

Although thesc chromosomes have a high degrce of elasticity, the 

pressure from either thumb or foot squashin0 and occasional sliding of 

the coversl ip m,Jy disturb the fine morphology of such Cln entity. I tis 

<11so obviolls that the degree of inconsistency in such squashing procedure 

results in inconsistent d,]ta from chrornoscy'\e to chromosome. Such chromo

some nJaprin~i. based solely on visual microscupic observations, either with 

I i~]ht or electron optics appears then to be ,1 matter of " rat her subjective 

decisions" (50'"50 19690). 

The steriology of these three di~ensionJI structures must ,]lso be 

J jscus~.ed. Berendes (1970) and So'"sa (IJ69c) considcred central sections 

to be the ide'll rC9!ons for proper D.?lnrl count ing. However, it Seems highly 

conceivable from a number of serial sections that a band or granular area 

can exist in Jny one plane of section whether it is centrally or peripher-

C,D do 
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~lly located. Thus, a map based entirely on central sections could 

very well differ from a map composed from peripheral sections, especially 

if some of the sections i'o'erC cut obI iqucly. Since this study was not 

based entirely on serial sections, it should be stressed that llmapp ing 

based on single sections of the chromo50fi~es m,Jy be rather unrel idble,I' 

according to Sorsa and Sorsa (1969c). 

It hos been pointed out earlier that only One half of the X-

chromosome "-.las invest i9<1ted. A completC' extension of the chromosome 

fror:l IA to 200, ie, fro·'Tl the tip to its ~)ttachment at the chrcxnocenter 

".as rJrc. In the in situ condition, th~ Dros~hil() chromosome arms are 

\.JrCllJPc.d similar to a loosely lnit ball of Yc1rn. The addition of chol

chir-.:inc also did not help straiSJhten out the chromosome arms. Th is is 

the reason for the overlapping in some micrographs (Figures 13, 15 and 26). 

"\-1c;'lk points 'l along the chr()r,loSQnc htlve been described (Bridges 

1935~ Arcos-Ter5n and Beerman 1968). These are regions along the chromo

some where the polytcnes tend to pull ap,lrt such ,]s is Seen in Figures 

15 and 32 between Regions IOF and IIA. The presence of these weak regions 

on the chrOm<.:)somc strongly suggest a reason ,~or the fai lure of observing 

the l'nt i re chrC)(nn~,D(11('. 

A 9cnC'tic rcprcscnl,Jtion of the chromosome bands was prop0sed by 

Muller and Prokofypva (193S) who postulated that each b~nd represents 

one gene. l\s5uming th.Jt this hypot!1esis is true, it C<;ln also be assumed 

thelt the band count represents the- number of coding units for that 

particular Chr(){l)osome. In order to further elucidate t!lis hypothesis, ~ 

variety of deficiencies for rccombi"<1tion studies have been studied 

~ ..,•.-:,,_......=aw;tAAU am 
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(Berendes 1970). In some chromosome regions, ~ one to One correspondence 

has been observed between gene and band numbers, in others it hc)s not. 

tv, ,'" e~Qmple, BNendes (1970) observed electron microscopically in the 

salivary X-chromosome of Drosophila melanoga5ter 13 bands within the 

Regions 3A2-3C • These bands correspond to the 13 functional units in
3

this arc~ as described by Kaufmann, Shen and Judd (1969). Judd (1962) 

located 16 5('p~lr<Jb]c loci bct\...cC'n the 'jcncs zcstc <Jnd '.-Ihite corresponding 

to th~s(' 13 functional units described above. Table VI shows 13 bands 

111 thi::. srJme region if '.-Ie exclude the fir<:.t doublet band drawn. However) 

if "e include the doublet in 3A2, the total incrcases to 15 bands. (It 

appears from the map of Berendes (1970) that he does not include 3A2 in 

th i 5 SUf1l1lat ion). 

It appeQrs evident in the above region that the number of bands 

differ only 51 ightly from th,' kn""m genes (Berendes 1970). Bridges (1938) 

shcMs 12 bands (doublets apparently assumed as singlets). Berendes (1970) 

:'U9gested that the 1 ight microscope h'as not capable of resolving some very 

thin bands. Rayl~ and Green (1968), .lS "ell, indicated 5 recombinationally 

se~dCablc loci ill Region' 3Br3C3' Bridecs (1938) shows 4 bands in this 

r~Sion, Bcrendcs (1970) sho-.v;' ~ ~lthough ,1 direct count from his miJp shlJWS 

6 bands if the t'lint1y dr.J'..:r'l 1if''':' C1SC,UiIlCd b<lnds) arc CO'Jnted .. 

Oth~r Clrcas iJrc nnt ,'is f·.xact .. (\ccording to r~combination studies 

c,f l~\..'ernl<1n (1~)6('-.), R~':Jion 3[-) throul)h 3[·, rppre~cnt\ tile genes WI rst,, . 

vt, fa (spi ,~). Derendes (1970), ho"ev,", , show, nnly 3 distinct bands 

in thi~) rl'~Jj()ll. The "subjt'ctlvene~·:,I! of band counting thus becomes 

apo.Jrent. Thc<;l' d,'H<1 do, how.;-vr.r, lndlc.Jtr thut at least for certaIn 
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regions J one to One relationship between genes ond band numbers appears 

to exist (Bercndes 1970). 

The discrepancy in the band numbers as has been presented in the 

sal ivary gland X-chromosome of Drosophila melanogaster has significant 

impl ications in the calculations of DNA content of the average haploid 

b~nd. This is due to the fact th0t counting band numbers has been the 

sole parameter for such calculations. Rudkin (1965) calculated 3 X 10- 5 

piCOgf<1inS ,~-d D1U\!b,lnd Oil the b<1sis or 1012 bond'> counted in the X-chromo

~Ol~le • DcrellJL':, (1970) ~uqqcstl'd an lf1crt>lse to lj.5 X 10- 5 picoSlrarn:, or 

DNA/band in Reyions It, through 4E. 

Per Cl'r,t CQlcu)~tio~ls S(~Gn in TJhlc V were based on the data in 

TiJblcs II, III <:lnd IV c~p<Jred to 1 ight microscopic observations of 

Bridges (1338). Table V 0150 shows c=parJble data in the present 

inveslig,llion (in rr,ost regions) to that of Berendes (1970) in Regions IA 

through I~E, it:, sorne 98% of his bands .. This figure is obtained if we 

include tJ,c Joub1ets ~Ild the high band count of Region 2B. In Regions 

4F through lOF, hQ',·:ever, iJ grc<3ter b<lr,d nL.',;"ber reduction was noticed, ie, 

1.,1~ of the band'::. of Bridg('<; (1938) W<l<; o~serv('d. This reduction '",as 

thought to bl' dU(lo I'Llrt i,111y to les$ observ<:1bl(' doublets ae, compared to 

the rcvisL'J m.:w of ['ril~(~I.:'~:' (1?39). It \~,lS ~lso t110ught that ir1Qdcquate 

focusing ~as a contributing f~ctor to ttle pro~le~. 

It is Inte:psting to notc th.Jt t.he doub'lctS, "'Jere observed, appe<3red 

to folic", very closely to the doublets ·.howo by Oridg,>.5 (1935) in his 

earl ier cytological Illop .. As was pe'inted out above, certain chromosome 

regions did not follow the exact band counts as ha.s been observed by 

'1":\ ~"::" '~:'~\",.:'; ::_%';~: .:,.,.':;•.));~:,;;: ... -;'~. '"' ,,'" . r.~' '," --, , f ..i'..:: '::~:~; . 



69
 

previous investigators. This may be attributable to the manner in which 

tt,c regiofl bar were drawn~ ~nd can be perh~ps considered a prfmar-y reason 

for SlJch discrepancy. 

From the~e observations, it is also reasonable to assume both a 

change (increase) in the average DNA/band in the regions investigated 

and tha t t he band nunlbe (5 in the rema in i '19 par t ions of the X-chromosome 

ore propolt ionally reduced to that of Regions IA through IOF. These 

result~ furthf'r indicate continued disagreement with the One band-one 

~c"e hypothesi, of liullpr Jnd ProkofyC'vJ (1935) assuming that these 

resul ts ,Jre rei iable. 

l\C\ditioflJ] morphological invcsti9ations of the salivary gland X

chrOrn05()IlIC of Drosophi l.:l f11('1<)~_~..9..~_:(':_!_~ cJrc in order to further elucidate 

bar,ding patterns, fine structural morph()logy and function of the polytene 

ch rornoscxneS. Such efforts may apply to the 1nlprovement of a general 

ct,rom050me model in eucJryote~ as weI I JS continuing the search into the 

realms of molecular ~lC'nctjC5. 'W(' are presently finding ourselves " out 

of the woods and upon a clearly marked hishway with by-paths stretching 

in all directions." It is hoped that this highw<1y may somed;~y direct us 

to the lair of the Clene it,elf (Painter 1934a). 

.......,j
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Resul t5 of transmission electron microscopic observations of 

squashed sal ivary gland X-chromosomes of Drosophila melanogaster indicate 

a reduction in o,lnd nU~lber in Region If\ through IOF cOfnpared to the 1ight 

Ii.icroscopic, cytulogical rn,lp of Bridges (1938). t,lthough differing only 

by lhe melhL1d e,f fix,]tion employed compared to a simi lar investigation in 

Regions lA through 4[ by Berend •• (1970). G6~ of the bands of the cyto

lU~Jical m.Jp of Br·id~v'c, (1938) ""ere observed in this ,)re(l. 

A greater reduction of bands were observed from Regions 4F through 

10F, ie, 41{, dnd 491, of the b"nds of Bridges (1938) were observed over 

the entire chrornosorne ,JrC<1 ':>tudied. This overall decrease was thought 

to be caused primar-j Iy by the reduct ion of ob:,crvable double bands 

(doublets) JS SCL'1l in the electron microscope. This reduction is thought 

to have significant bearing on the c~lculations of average DNA concentra

t ion [h.'r chnx'losomt' QdflJ. An ultr~lstrlJcturJl m,lp representation of the 

regions irlve~,lig,]ted is provided. 

1.;' ;:'~'_".'''~ ;::;'--', ':':~ t.. .",' f:i.. _;, ~'.,;; ;'''-:'''1'::;'' 
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