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ABS1'RACT 

• AN EXAMINATION OF SEVERAL 

PLANT SPECIES USING GIEMSA-

BANDING TECHNIQUES , 
NIKKI' EVERTS SHANKLAND Blology 

Flve Gtemsa-banding techniques wer~ applied ,to ~ ~, 

~~r~um VUlgare, (barley) and ~ pedunculatus chromosomes. 

Barley~contained two~ategories of Glemsa-dlfférentlated 

heterochromatin, V. faba six. Chromosome pa(r six in L. 
\ -

pedunculatus appeareà predominantly heterochromatlc •. AlI 

species hâd banded ~er.icentromeric hete~ochromatin which was 

acid sensiti~e..!,n barley and y.. ~. Barley and 1. pepunculatus 

had banded telomeres. Banding pa.tterns in chromosome pairs were 

homolo$oUS except for pair seven ~arley where a balanced 

translocatio~ was'noted. Telomerès of chromoso~e six in barley 

appeard assoçiated during In~hase. InterchromosoJal connect-

ive~ between telameres ln L. pedunculatus prophase ~nromosomes and -
between chromosomes in barley were noted. Barley chromosomes 

were polarized during interphase. Giemsa-positive he~erochromatin 

y be_lnvolved in maintainlng these nonrandom chromosomal 

--------- -

associations: G1émsa-banding ,techniques ~ifferent~te heterochromatin 

PFobably due to the disruptlon of euchromatlc' chro~osomal proteins 
, .. . 

• br the pretreatment~~ wh~èh emphasize differences in heterôchromatic 

~UChromatic coilina. 
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_ Cinq techniques faisant appel ~ la formation de bandes par. 

le Giemsa furent appliquées aux chromosomes. de ~~, Hordeum 

vulgare (orge).èt~peduncu1atus.' L'orge contenait ~eux 
, . 

catégories dthétéroch~omatine différenciable par le Giemsa" et V. . . 
!!k!~ stt. Chez ~ pedun~ulàtus. 1~'pa1re chromosom1q~e no. 6 

, 
1 

, semblait en maje~re partie constituée d' héï.érochromatine-. Toutes 

les espèces possédaient des bandes d'hétérochromatine péricentromérique, 
i 

laque,Ue se réy~lant. sensible à l t acide chez l'orge et y. ~. 
- , 

L'orge ,et 1. peduncu1atus montraient des bandes d' hétérocqroma tine 
, i 

dans la por~1on télomérique de leurs 'chromosomes. Les chromosomes . 
homOlogues/présentaient un patron de bandes identique, sauf dans le 

cas de 1, paire no~ 7 de ~'orge où une translocation b~lancée fut 

remarqui~. 'Chéz l'orge, les télomères du chromosome no.\6 paraissaient 
./ 

associés a~ cours de l'interphase. . Des liens chromosomiques furent 
, .'/ 

no~iB entre les té10D1~re. des chromosomes prophas1ques de'.!!. pedunculatu8, 
1 

~{nsi qu'entre les chromosomes de l'orge. Ch~z cette dernière esp~ce, 
/ 

/ au cours d~l'interPhaseJ les chromosomès étaient polarisés. 

/" L'fiêtéroCh~tine Giemsa-pdsit1ve peut être impliquh dans le maintien ./ .~ 
., 
t 
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de ces associations habit~elles ehtre les chromosomes de ces 
r 

espéces. L'hétérochromBtine est diffé~enciée par le Giemsi 

probablement à cause du bris des protéines euchromati~ues d~S 

chromosomes' lors des prétraitements, ce qui a pour effet 

d'intensifier res différences de spiralisàtion entre hétérochromatine 
, 

et euchromat1ne. 
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CLAIM'TO ORIGINALITY 

'The author claims the following finding8 of'- this study to be 

!'?rigina1: 

1.) The induction of Giemsa bands in the chromosomes of 

:'f 

Hordeum vu1gare and ~ pedunculatus. 

2.) 'The discovery in 1!. vu1gare of a putative balanced trans

location between the arms of ~ single chromosome seven. 

3.) The possible heterochromatiè nature df chromosomeflix in 

the 1.. pedunculatu-s complement. 

4.) The characterization of pericentromeric heterochr~matin 

in ~ !.!k! and Hordeum vulgare based on a cOUfarison of the find

in8s in this study with tho~e- of previous studies. 

5.) The discovery of interchromosomal connectives between the 

talomeres of ~ pedunculatus propbase chromosomes • 
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, INTRODUCTION 

Since 1968 when c~spetEison and his colleagues .published ~heir 

first paper on the use of the fluorochrome quinacrine mus tard to produce 

ba~ds in th~ metaphase chromosomes of severa1 plant and animal species, , 
the field of chromosome banding has proliferated, almost e~plosively. 

The second, andjtechnically more important stage was the discovery br. 

pardue and Gall (1970) and Arrighi !! al. (1970) that the Giemsa stain 

preferentially"colored area~ of the chromosome rich in repetitive DNA 

after a pretreatment in sodium hydroxide foÙowed by incubation in 

trisodium citrate solution atca neutra1 pH. The use of quinacrine mus-

tard demands relatively sophisticated and expensive equipment and the 
1 

fluorescence tends to fade rapidly. 
/ , , 

In contra~t, the Giemsa technique 

uses standard laboratory reagents and equipmept~to elicite bands 
, . 

equivalent to those produced by quinacr,ine mustard. In addition, the 

Giemsa bands donot fad~. Consequently, the Giemsa staining technique 

\; 
...... soon dominate4, the field., 

" 

To date many different<chemicals with or witbout variou8 pretreat-

ments have been used to induce the nonrandom patt.er~ of, irregular staining 

alon'g the metaphase chromosome termed "banding". Besides the more broadly 
" 

used Gi~msa and qu1nacrine mus tard. postfixat10n band1ng has been produced 
1 

using acridine'orange (Castoldi et al., 1972), acetoca~ine ~Greilhuber, --, 
1973), Feu1gen (Rodman and Tahilian1, 1972). acetoorcein (Vosa, 1973b) • 

. and ethidium bromide (Unakul and Hau, 1973)~ Bands produced by the pre

fixation trea't1nent of human chromosomes with 3H- t hymidine (Gann'er and 

Evans, 1971). 3H-tryptopharl (Djondjurov !!~., 1972), tetracycline 

(Meisner et al. f 1973) and actinomycin D .(Shafer, 1973). provide insight 

, , '. 
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, t in.to tne mechanlsm of the b~nding phenomenon: The m(Htt intriguin~ aspect 
'4 i , 

of this phenomenon is the high degree of consistency between the banding 

pat,terns caused by agents of sU,ch wide diversity. A1though the Giemsa , 

st~ining technique has been used exclusive1y in this study, informàtion 

on chromosome banding induced by other agents will be referréd to whe~e 

it provides som~ elucidation on thè mechan!sms of Giemsa-banding. 

The bands reflect a~eas of consti~ut~e heterochromatin ~nd are. for 

the particu1ar staining technique used, consistent morphological features 

~f the chromosomes (Comings, 1972a). They hall beerr; used to reso1ve 

chromosome pairs (Barma and Natarajan, 1973), and aa markers in mapping 

breakpoints in balanced translocations (Dobel et al., 1973). --
The bands a1so sho~ promise of he1ping to e1ucidate some of the 

f'unctions of heterochromatin (Stack and Clarke, 19'73a). Conetitùtlve 

heterochromatin has been implicated in thé pairing of homologous 

chromosomes ,at meiosis' and mitosls, and in the maintenance of the specifie 

spatial a~rangements of interphase chromatin observed in some plant 

spec.ies ,(Wagenaar, 1969). 

A1though most of the researchers working'on the mechan!ems and 

applicâtions of ba~din8 have uti11zed mammalian chromosomes (Comings. • , ' 

1972a), the last few years have seen the techniques successfully ~odified 
,r 

for plant material with some 1nteresting positive results, (VaSa and Marchi, 
, . 

1973. DObel ~ al., 1973; "Vosa, 1973a; Marks and Schweizer 1974; Serma 

and Natarajan, 1973). 

In the plant species studied 80 far the amount and localization of 

constitutive heterochromatin as revealed by the bands varies both between 
~.' rh .. ~: ,:,.. "'. infividuals within a population (Marks and Scmteizer, 19-74; Vosa, 1973a) 
~~ ~ J ~ 

si 4s;.o' 
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and be tween 8p'ecies wi thin a genus (Marks and Schwe1zer, 1974). ' G1emsa-

banding techniques appear to be usefu1 tools for resolving taxonomie 

relationships and studying ehromosomal evolut1on in plants. 

A1though the chromosome banding patterns for many plant species have 

been determined, there are sti~l many species whose chromosomes are as 

yet unbanded. Among the .latter are two .of economic and cytogenetic 

importance: Hordeum vulgare L. t a cereal crop and standard laboratory 

organism for studying the effeets of mutagens on ehromosomal structure 

and behavior (Mohandas and Grant, 1972; Tomkins and G~~nt, 1972), and 

~ peduneulatus Csv. (Big Leaf Birdsfoot Trefoil) a putative aneestor 

of L: corniculatus L. (Birdsfoot Tre,foil; Cheng and Grant, 1973), an 

important forage species. The prés~nt study was undertaken to determine 

if the heterochromatins of t~ese two species would respond to the Giemsa-

banding techniques. 

Since the heterochromati~ in Vicia faba had already been proven to 
, -~ .~ 

be Giemsa posit~ve by severa1 different techniques (Schweizer~ 1972; 

Dobe1 et al., 1973; Takehisa ana Utsumi, 1973a), this species wa8 used --
to test 'the success of a technique dev~1oped init1a11y f~~ ~anding human 

chromosomes on plant chromosomes. As weIL, th~ hete~ochromatins in 

y. !!2! showed some divereity in response to the techniques previously 
, i 

used, and therefoJ;~ it 8eemed worthwhile to investl~t'e th,iB var1ability 
, ,r, ~,'. 

'by comparing the responae of thesé heterochrom~~n8 to different 
',~ . ~ 

techniques. 

1 .. 
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LITERATURE REVIEW 

The Metaphase Chromosome 

. 
At the.11ght microscope level the ~etapha8e chromoso~ appears to 

consist of two chromatide, joined at the centromere. ~:n examined by 

electron m1croscopy it is apparent that the chromatid~ are fibrous in 

nature. This fibre is made up of DNA, RNA, and histone ang nonhiston~ 

pro~ei~s (Comings, 197,2a) and is referred to as the desoxyribonucleo

protein. (DNP) fibre. X-ray diffrac tian studies on the DNP fibI;e reveal 

the presence of a regu1ar tertiary structure which has been postulated 

by ,Pardon and Wilkins (1972) to be a "supercoilfl
• 

1 

DNA 

Although proponents for polynemy Still abou~d, most researchers 

'" agree that the DNA in each chromatid 18 in'the form of ~inglet long, 

double he11x (For a review of th1s problem see Comings, 1972a). Recent 

research 1nd1cates that the DNA in the chromosOmes of ~ !!2!' 

(Bhattacharya and Sen, 1973), Dro8aph~la (Kavenoff ~!!'t 1974), and 

yeast (P,etes ~ al., '1974) is un1nem1c. 

RNA \ 

Much of the 'RNA attached to the DNP fibre 1s ~ib08omal RNA (rRNA), ' . 

but there is a unique fractio,p of RNA a~8ociated wlth ,chromatin having 

a sedime~ation coeffi~ient of 45S \Ock~YI 1973). ~e 
high mb~ec~lar weight (4.0 x 10' D) chromospœal RNA ~s 

function of this 

not known at 

present, fut it has beeu found ln DrosoP~1l~ sa1ivary ~la~,chromo8ome8, 

Hela, 11V~~. and Chineee :amster chromatin (~ckey, 1973\. 
J 

/ , 

- il 
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Histone Proteins 

,-------
The histones a~e-a-g-roup of proteins characterized by their low 

~.-

molecular weights (10 - 20 x 10 3 D) (Mahler and Cordes, 1966~ and their 

------------, -----------high proportion (22%) of basic ami no acid's (Ockey, 1973). ~---lrgives 
, -~ 

~ , . .----------.--;' , 
them an isoelectric pH of 10 or higher C~I 1970) . .J • ______ -

~' -
The basic re.sidue~.J.-n---e1le histones tend ta be 10cated at one end 

of the protein while the hydrophobie and acidic residues are located st 
, 

the other CComings, 1972a), Histones are~boûrtd to DNA by electrostatié 

attraction between ~:f th~ basic residues and th~ 
negative charges 0 (D~~nge and Smith, 1971). The 

Cl h~tent of native nucleohistone is 4'0 - 60% (Louie .=!. al., ,- ~ 

1974);> a figure which compares 1nterestingly to the finding by Simpson 

(1972) that 30 - 55% of the histone in chromatin i5 not boùnd ta DNA. 

As weIl, Simpson states that each histone'protein contains firmly bound 

regions as weIl as detached regions. Areas conta1ning·a high concentration 

Of like-charged residues usually' don 1 t form a hellces due ta the 

electrostatic repulsion between the like charges. It seems plausible 
/ , 

th en that the highly basic regions of the histone$ bind tà -the DNA and that' 

those reBion~ which'are hydrophobie eX1st,in an a 
• " & helieal state, are not .' 

bound to the DNA, 'and are frée t~ interact with e4ch other or with other 

proteins (Bradb'ury ~'al." 1975) • 

Histones wére at first thought to control gene activation and re

pression since they inhibited the ability of DNA to be transcribed (Huani 

and Bonner, 1962). Thi~ role has been diminished recently ~y the'observa

tion that even after removal of practically aIl the histones, significant 

template restriction was retained in rat tqymus chrOmatin (Spelsberg and 



ua ; 

,. 
r 

6 

Hni1ca, 1971). lt seems evident now that the histones functi9n in 

maintaining the structure of the DNP fibre, the formation df the 

metaphase chromosome, and possibly in the differential condensation of 

heterochromatin (Miller ~ al" 19711 Ruch and R08se1et, 1969), 

The sik common histone fractions are resolved on the basis of th~ir 

terminal groups, presence or absence of cysteine and their behavio,r in 

'gel electrophore~is (Ockey, 1973). The Fl, F2a1, and F~ fractiçns are 

present in both animal a~d plant chromatin; the F2a2 and F2b fraçtiona 

~ found only in animal chroma~in, and the plant ~istone (PH) fraction 

ia exclusive to plant chromatin (Ockey, 1973; Nadeau ~!! .• 1974). 

Fl 

The Fl histones are'alanine rich and lysine ~ich with many basic 

amino acids (Comings, 1972a). ,When histones are !emoved from DNA 2Y 
extraction with either weak acids or strong salts the FI histones are the 

first to be removed (Ockey,' 1973) indics1ting that' they are the least 

tight1y boùnd to the DNA (Ste11wagen and Cole. 1969), They are also the 

, most ea~lly 'removed by proteo1ysis (Ockey, 1973). 

Basically two lines of evldence indlcate ~hat the major function 
--'" 

l'f the FI histone is re1àted to the condensation of the DNP fibre into 

the metaphaae chromosome, . 1) FI histone~ ia present in those unicellular 

organisms which have condensed chromosomes but"is 'absent in yeast whlch, 

, having a DNP fibre essentia11y equivalent to those of other eukaryotes 

(Gray ~!!" 1973), has no condensed chromor;lomes (Tonino and Rozijn, 1966)" 

2) FIls rapidly phoephory1ated at the QzIM boundar~ and during ptopha8~ 
1 

(Gurley .!!.!! .• 1974'; Bradbury.!!.!!., 1974) by a specifi~ phosphoklnase. 
, . 
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KIl, whose activity predom~nates at Gz/M.transition and whose natural 

in vivo substrate is' FI histone (Lake, 19738; Lake and Salzma~, 1973). -- ... ''', 

The FI phosphoform is maintained throughout mitosis (Lake 1973b) and '. 

dephosphorylated a't M/Gl (Lake ~ al., 1972). 

F2a2 and F2b 

'Bo.th F2a2 and F2b are slightly l~sine rich. Their "absence in 

plant chromatin is balanced by the presence of the PH fraction whic~ 

might mean that the function of F2a2 and F2b l~ taken over in plants by 

the plant histones (Nadeau ~ al., 1974). 

F2al and F3 

F2al and F3 are arginine rich histones (Comings. 197Za). F3 is 

the only histone with appreciablè amounts of cysteine (two resiques'per 

mole cule) making it possible fo~ ft to form disulfide bridges. lt is 
.. 

-' 
a~so the last fraction removed ~ith weak acid and/or'strong salt 

extractions (Ockey, 1973). These argtnine rich histones are very imp~rt-

ant in the ~intenance of the tertiary struct~e of the DNP fibre. ,DN~ 

complexed with ooly F2al, F3, and f,2aZ histone fractions gives an X-ray 

diffrac.tion pattern which indic~tes the pr,esence of 'the tertiary 

structure; naked DNA and DNA complexed with FI histone alone dO'not 

give this ~attern (Pardon and Ricpards, 1972). 

The rapid phosphorylation of F3 only at the Gz/M boundary a~d 

during prophase (Gudey !E.. al.. 1974), and the proportionately greateri'. 

number of disul~ide bridges in F3 at metaphase than.at interphase 

(DeLange and §mith. 1911j Sadgopal and Bonner, 1970) implicate 'the F3 
. . 

histone fraction in the formation of th~ metaphase chrom~8ome.· 
~ 
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The"nonhistone chromosomal proteins are à heterogeneous group in-

cluding the phospnoproteins, the various enzymes related to the transcript-
, 

ion, synthesis and repair of DNA and the regu1atory proteins (Comings, 

1972a; Ockey, 1973). Those isolated from pea chrbmatin range in molecular 

weight from 10.000 ta' 68.000 D (Lin ~!!.., "1973). They are ac1dic and 

some contain cysteine as weIL as tryptophan. an amino' acid which is "".' -:~ : 
absent in histone protein COckey, 1973). 

1 

They are very difficu1t to 
~ l 1 -----y 

:.. -)''': .. -
• 

extract and purify due ta théir tendency during extraction to aggregate 
.. 

with one another and to bind to histone proteins sa that to date there 

is little known about their structure (Ockey, 1973). 

The acidic proteins seem primarily to be involved in gene L 

transcription and regulation (Ockey, 1973)~ The only, nonhistope protein 

- found so far êo have a definite structural ftinction are the phosphoproteins. 

There are more phosphoproteins in diffuse chromatin than in condensed • 
~ 

chromatin arld the phosphoprot'eins are able to alter template activity 

(Comings, 1972a). The key to their mode of action is found 1n the 

effect çpf phosvitin, a phosphoprotein-, on the condensed chromatin of 
,-. 

thymocyte nuclei. The phosphorylated form of the proteln decondenses'tne 

chromatln by bindi~g histones and thereby stripping them from the DNP 

fibre (Whitfield and Perrls. 1968). 
, . 

The nonhistone proteins may function as weIL in the condensation of 

the metaphase chromo~ome sinee .the disulfide bridge content in this 

frae tion Is hi~h~r at m,taphase than {i·t interphase (Sadgopal and Bonner, 
-'i. 

l 

1970). 

,ferhaps the most compelling observation eoncernlng the possible 

function of some of t,he nonhistone proteins le that made by AUfrey ~ .!.!.. 
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(1974) and Bekhor et al. (1974) that a specifie fraction of acidic 
-

chromosoma1 protein ls bound ,preferential1y to highly repetitlous DNA. 

A further'insight, ~ossibly bearing on the prevlous one, is tqat the 

distribution of tryptophan containing proteine a10ng the metaphase chrom-

osome,i~ unequa1 (Djondjurov ~ al., 1972). 

Structure of 'the DNP Fibre 

There ~pear to be several orders ?f magnitude of the DNP fibre. 

Electron microscopy reveals fibres measuri~g 50 Â, 100 Â, 200 A, and 
. 

300 - 500 A (DuPraw, 1970; Comings, ,1972a). Ris (1975) catalogues these 

fibres thusly: When the chromatln ls ln the form'of the 200 A fibre it 

is inactive; it can pe unraveled by removing divaient cations with chelat-

ing agents to·produce the 100 A fibre. Treatment of this fibre wlth urea 

disrupts histone - histone hydrogen' bonding, and results in a fibre 2q -

40 A thi~k. El~ctron microacopy cannot as yet elucidate the problem of 

hbw the 20'- 40 k fibre ia arrayed ip,the 100 A fibre becauae the necesaary 

fixation procedures dehydrate ~~omatin ,fibre causing the 

of the tertiary st;ucture in thè ~o A fibre (Ris, 1975). 

collapee 

Kornberg (1974) suggests that the DNP fibre, at' Ha moat basic level, 

Is a repeating subunit of 200 DNA basé parrs, the tetramer (F2~lj2(F3)2, 

and two Molecules each of F2aZ and F2b 8ssoclated as oligomers. Electron 

phOto~icrogr8phs of stretched chroma tin fibres show 60 - 80 A spnerical 

partic1es, "v" bodies. connected to each other by a 15 Â f±lament (Olins . 
and 01ins, 1974). Woodcock ~!!. (1974) show that the filam~nt ià DNA 

and that the presence of the "v" bodies depends on F3 and F2al histone. 

It seems poss:i,b1e that these "v" bodies alOe·structural representations of 

Kornberg'e repeating unit. 

~Jt:. ·i "'f'o;>r~~~, - .. ' '" 
~-; '0-<. l", 
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the basic l~br~'coils to fOTm a 10~Â/fib'e whose tegular tertiary 

s~ructure depends on the presence of F3, F2al, and F2a2 histones (Pardon 

and'Richards, 1972). This ter~iary ~tructure i~ maint~d,bY\histone -

hi~tone interaction~ (R~ 1~75). Gluteraldehyd~ fixati~ ~f chromatin 

leads to the formati~n of increasingly larger ol~~mers lmplying that 

---the histones linearly over1ap each other; the oligomers a,re" m~de __ up of . 
F2a~, F2a1, F2b and.F3 histones (Chalk1ey and HUQt~r, l~)s). Perhaps the 

." '- .... _ f 

histones~in Kornberg's (1974) repeating subunit&,~~ntaih the conform-
(' 

ation of the 100 Â~ibre by overlapping vith the hi~tones of~adjacent 

subunits further along the filament. 

"< 

The 100 A "supercoil" then eith,el' undergoes coiling or el se folds 

back on itse1f to produce the 200 Â fibre (Comings 197)a), Dutraw's 

, " • (1970) photomicFograp,hs of type A (100 Â) and type B (200 Â) fibre~ and 

, , 

his comparisons of the DNA packing ratios (mass/unit 1éngth) in these two 
~ 

fibres favor the view of the 200 Â fibre as a coiled supercoil. •. 

Metaphas,e Contraction 1 

Structurally the pro cess of condensatiort ~nto ttie metaphàse chrom-

oBome a1ters the DNP fibre in two w~s: 1) the fibrè ~ecomeB even more 
-, 

coiled, as evidenced by. the doubling of the DNA l'acking r~tioB' ... forming 

a 300 A' fibre (DuPraw: 1970), and 2) the fibre associates with itse1f 

to produce the shape of ~he, chromatid .• 

" The DNP fibre interacts with itself in longitudinal arrays or as . ~ 

~ 

a "whorl of fQlded, looping fibres" called chromomeres (Bahr .!!. al., 1973). 

The c1assical chromomeres observable ~y light microscopy in the pachy

tene chromosomes of many plant and animal ~pecies appear as small 

/' 

:0 
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darkly staining beads which seem to be strung, semi-regularly, along 

the entire length of the chromosome. Their exact number and pattern 

of distribution along the chromosome is a shared feature of a particular 

chromosome pair. There is, however, a uniformity in the average 
, 

distance between chromomeres of a specific size in man~ species of plants 

(Lima-de-Faria ~~" 1959). It i8 ~Ught that chromomeres are 

"constant e,xpressions of the coiling system which accompanies chromosomal 

contraction" (Swansçn ~ ~., ,1967). Their behavior ~ur;.ing meiotic 

prophaSE matches that of the m1tot1c prophase chromomeres recorded by 
/ . 

)1 ., 

Bahr et al. (1973) in that as ~he chromomeres enlarge. indicating 

condensation of the f1bre. the distance between two consecutive 

chromome~es d~C~ages untfl at metaphase they are not reso1vab1e (Lima-de-.... 

Faria, 1952). Further evidence a1igping Bahr et a1.'s (1973) electron---. 
_/ 

microscopie, mitotic chromomeres with tille "classical" chromomere 1s 
~ ~ - ~ ~ 

the, fact that chromomer~s are present in ..!;.he polytene chromÇls.omes of 

- .-dipteran species and these chromosomes develop from somatic chromatin, 

The condensation process is dependent on chromosomal proteins. 

Actinomycin D competes with chromosQmal proteine for binding sites on' 

the DNA, and was shown to black the condensation of certain chromosomal 

regions (Arrighi and Heu. 19651, The 'proteine which will becobe assoc

iated with chromosomes are synthesized in G2 (Rao and Johnson, 1972) 

and if actinomycin D. which inhibits protein synthesis, is applied ear~y 

enough in G2 it will prevent entry into mitosis altogether (Arrighf 

~ 
and Hall, 1965). 

The metaphase fibre containe twice the amount of protein present 

in an interphase fibre while the DNA content remains the same. This 

, , 
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increase is due in part t~ nonhistone proteins, and probably reJleets 

the presence ,of ribosomal protein as ,a result of the congregation of 

the ribosomes on the metaphase chromosomes (Ockey, 1973). There are 

also some acid insoluble proteins presént in metaphase chromosomes that 

are absent in interphase chromatin (Sadgopai and Bonner, 1970). 

The Fl and F3 histones as well as sorne nonhistone chromo8omal 

proteins are probably involved in Metaphase condensation. Both FI and 

F3 histone fractions are phosphorylated at the G2 /M boundary (Gurley 

!!~., 1974), the F1 phosphoform co-exists. with ,the condenaed 

Metaphase chromosomes (Lake, I973b) and ia dephosphorylated a8 the 

Metaphase chromosomes deco,ndense (Lake ~ ~., 1972). As weIl, the 

sulfur containing residues oq both histone F3 and the cysteine-containing 

nonhistone proteins forro more di8u~fide bridges in Metaphase chromatin • 

than in interphase chromatln (Sadgopal,and Bonner, 

How these alterations influence t~e thromatin 

1970). ~ 

can only be guess~ 
at, however, the following hypothèeis seems to fit the observed facts. 

, 
lt is h1ghly probable that the interphase nucleus 1e h1ghly ordered and 

that the chromatin f~bres maintain specifie, invariant spatial reistion-

ships within the interphase nucleus (Bra'sch and Setterfield, 1974; 

Comings, 1968; Feldman and Avivi, 1913j Wagenaar. 1969), This~patial 

orientation ie probably stabilized by the attachment of the fibres to 

the nuclear membrane (Brasch and Setterfield, 1974; Avivi and Feldman, 

(~973). During prophase the fibres making up each ,chromosome begin to 

condense, due, perhaps, to the phosphorylation of their FI and F3 his-

tone fractions. At a particular ionic concentration, the phosphorylation 

of the two seryl r~sidues.at either end of the apolar segment in histone 
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FI causes a large segment of histone FI ta detach from the-DNA 

(Bradbury!! !li.. t 1975). This free portipn could then interact with 

like regions in other,Fl histones and in this way mediate mitotic 

'~condensation of the DNP fibre. The formation of disulfide bridges 

between the chromosomal proteins could stabil~ze the mitotic coi1. 

The co'ndensation process brings thé fibre within each chromatid into 

cloaer contact to itself producing the shape of the metaphase,chrom-

osome. The intra-fibre spatial relationships during interphase wouLd 

be the same as those in the metaphase chromosome except that in 

interphase the fibre is longer and hence the distances between the 

regions of the ~ibre would be greater. 

Heterochromatin 

Heitz (1928) coined the term "heterochromat1n" specifically to 

differentiate chromatin which stayed condensed in interphase from 

chromat1n which condensed on1y during mitosis. The word itself means 

simp1y - different chroM$tin - and therein lies H~itzts foresight. The 

more that is learned ab~ut heterochromatin. the more heterogeneous a 

category is appears to be, such that Comings (1972a) in his review on 

The Structure and Function of Chromatin was prqmpted to say: "Hetero-

, chromatin is somewhat like human socJ,tty - it is a complex subject and 

simple slogans are inadequate to characterize it." In fa ct so many 

sub-categories of heterochromatin have been established ,based on 
f 

different behavioral, chemical, and structural "criteria that,we have 

almoat come full circle in that there are very few general statemen~s 
l 

that can be made. Heitz' s origina.l structural.definition .till hold's 
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and ta it have been added twa functional qualities" genetie inaetiv1ty 

and a timing of DNA replication that is different from the dominant chrom-

atin species, termed euchromatin (Comings, 1972a). 

Cytogene~ica11y the most relevant of these is still Heitz's observ-

ation on heterochromatin's unique condensa;ion propert1es. Ihis 

condensation appears to be qua11tatively different from that undergone by 

the DNP fibre as it enters mitosis. Prefixation exposure of plants to 

cold allows the e~chromatin in ~etaphase chromosomes to contract but 

r inhibits the heteroehromatin from eontraeting (Boot?royd, 1953). This 

lack of contraction in co1d reactive heterocpromatin-. or "negative 

heterochromatin" (-H), 1s due to protein starvation (Baumann, 1969, as 

quoted by Vosa, 1973e).' Aetin~yc1n D binds in the minor groove of,DNA 

,and eompetes for binding sites with poly1ysine.)seligy and Lurquin, 19(3). 

The FI, or very lysine rieh, histone appear~ be 1inked with the con-

densation of the metaphase chromosomes (Bradbury ~ al., 1975). This 

condensation can be interfered with by actinomycin D (Arrlghi and Hau, 

1965; Shafer, 1973). lt i~ probable the~ that the FI histo~e a1so binds 

in the minor groove. Combined with the above information, the study by 

Chalkley and Hùnter (1975) indicates that the other histone fractions 

occupy the major groove. Sieger !!a1.'s (1971) observation that 

~ctinomycin D can bind ~o heterochromatin at interphase without influencing 

or being influenced by its degree of condenèation imp1ies that protein 

fractions binding 1n the major groove ~re invo1ved in heterochromat1c 

condensation. lt 18 probable that scme protein fractions are active in 

both heterochromatic condensation and métaphase condensation; the former 

depend1ng on enzymatic madifications of different amine acid residues bhan 

: the latter. 
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Those heterochromatins possessing unique DNAs owe their special , 
tertiary ~tructure primarily to the chemistry of their DNA. Much of 

the heterochromatin of the mouse 18 made up of satellite D'NA, 1. e. , 

DNA which has a different base ratio to main-b~nd DNA (pardue and Gall, 

1970). The DNAs in some heterbchromatins are less methylated than 

euchromatic DNA (Comings, 1972b); and finally some heterochromatin 

consists of high1y repetitious DNA (Arrighi =! al., 1970). These 

qualitative differences in the DNA can influence the tertiary structure 

of the DNP fibre (Yun~a and Yasmineh, 1971). Pardon and Richards ~' 

(1972) found that poiy dAT DNA will not form supercoils with a histone 

mixture although calf thymus DNAs will. 'This is related to Bram' B 

(1971) find:l,,~· that the pitch of t;he DNA helix i.o AT-rich (A + T/G + C ~ 2) 

native DNAs.ts about 10% greater than that found in DNAs with moderate . ~ 
>-

or low AT eo'ntent. Bram postulated that "proteins.which bind and operate 

on moderate AT-rich DNA might behave differently with very AT-rich DNA, 

and ~ ~." Verification of this statement is seen in the prefer-

enttal associ~tion of arginine rich histones with GC-rich regions 

(Clark and Felsenfeld, 1972) and lysine rich histones with AT-rich r~gions 

(Combard and Vendrely, 1970). Undoubtedly the pattern ,of base sequence 

in AT-rich repetitious DNA wil~ a1so in!luence the aecondary st·ructure of 

DNA. A fraction of nonhistone ehromosoma1 protein has bèen found which 

binds tightly .t~ DNA and has a high affinity for highly'repetitious DNA 

(Allfrey et al., 1974; Bekhor et al •• 1974). Inactive chromatin fibres -- --
can be deeondensed with urea whieh disrupts the hydrogen bonds between 

histones (Ris, 1975). Th~re is much circumstantia1 evidence indicat1ng 

that the specifie protein - DNA and protein,- protein interactions which 

are assoeiated w1th and due to chemica1 d1fferences along the DNA 
. .. 
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contribute to heterochromatin' s unique condensat'ion. 
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Constitutive and Facultative Heterochromatin 

-
Th-ere are t'lolO subdivisions of heterochromat.:i.."n, facultative and - ). . 

16 

constitutive (Brown, 1966). Constitutive heterochromatin Is a permanent· 
, . 

characteri$tic of a particular 1ength of DNP fibre; barring mutational 

events', lt does not ch"ange from one ceU generation to the next, or itom 

cell to cell in the same individual (Yunis and Yasmineh, 1971). 

Facultative heterochromatin, however, is an impermanent state of a 

particular chromosome. The two classica1 examples of facultative 

heterochromatin are the one inactive X chromosome in ma~alian females 

and the inactive paternal set Qf chromosomes ln male mealy bugs. The 

apparent lack ot' facultative heterochromatin in plants might be re1ated 

to the ab~ence of the F2a2 and F2b histone fractions in plant chromatin 

(Nadeau et al., 1974). --
Localization of Heterochromatin in Plant Chromosomes 

Classically, constitutive heter9chromatin has been localited in plant 

chromosomes by th~effects of cold treatm~nt on mitotic metaphase ch rom-

osomes~which reveals negative heteroèbromatin (-H), and by the examinatioh

ù' of pachytene chromoso~es which may contain pOSitive heterochromatin<of' 

three general types: chromomeres, pericentromeric'heterochromatin, and 

'irregularly distributed blocks of densely stai~in8 chromatin~cal1ed IIknobs" ) , 

(Stebblns, 1971). 

Hete'roleneity of He~erochromaUn . 

The heterogeneity of heterochromat1n 18 evidenced ln ~ny etudies, 

" 
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Comparative electron m~crosçopic studies of the -H fibres'in'Scilla 

sibirica and Fritillaria lanceolata show structural\differences between 
. 

them (LaCour and Wells, 1974). Merritt (1974) in his study of the genus 

Nicotiana picked out four suh-categories of het~rochromatin in pachytene 
\ 

chromosomes depending on their siz~, shape and staining properties with 

propionocarmine. The same block of constitutive heterochromatin in 

different cerl types takes on different forms due to the different 

chemical environmepts (Yu~iS and ~as~i~eh, 1971). _ Takehi~-(l973) 

distinguishes two varieties of heterochromatiTh in chromosomes from Vicia 
~ 

~ root ,tips, whUe Rieger', s (1973) study implies that ~ ~ 

heterochromatin i8 even more heterogeneous sinc~ six mutagens, each w~th 

slight1y differing modes of action, caused aberration c1u&tering in 

different heterochromatic regions. As weIl, the translocation of hetero-

chromatin to a new chromosome caÎl alter its "hot spot" characteristics. 

Some featur~ of the heterochromatin ls affected by its immediate genomic' 

environment. 

• 
One of the great breakthroughs in cytogenetics has b'een the discovery, 

of a genera1 staining procedure for constitutive heterochromatin in 

metaphase chromosomes. 

The'Gi~sa Bands 

.' 
, That the Giemsa bands are heteroehromatic almost 80es without say 

aince they reaèt differently than most of the chromat1n to.,. t;.b~ .p~,e-
r-/'" " 
-~t , 

treatments and stains used. The bands a1so correspond to rel4~s which 
fo ~, .. 1 ~ 

have th~ following characteristics of-heterochromatin: uniq~e DNAs, 1ate 

rep1ication, and differentia1 condensation. 
\ 

. . 
/ 
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The location of Giemsa bands have been correlated with regions 

containing èatel~ite DNA ln man and in mouse chromosomes (Sanchez and 

'Yunis, 1974; Par.due and Gall, 1970), and also to AT-rich DNA in human 
c 

and bat chromosomes (Sçhreck ~ .!l" 1973; Pathak ~ al., 1973b) 1 The 

. pericentromeric region of ~ ~IS M chromosome "is banded with 

G~emsa (Schweizer, 1973; Takehisa and Utsumi, 1973a) and is probably 

A!-rich (Cionini, 1973). 

In Vicia!!!?!. (Dobe1 !!. al., 1973), ~ disco1or (Natarajan and 

Nàtarajan, 1.972), 'Scilla sibirica (Vosa, 1973a). human, (Pearson. 1972) 

and bat (Pathak ~ !l., 1973b) chrç~osomes the Giemsa bands correspond 
.. 

to areas that replicat~:. their DNA 1ate~ than the rest of the chromat1n , 

Gill and K1mber (1974) found that the Giemsa bands account for aIl 

of the knob and pericentrometic heterochromat1n observed in the pachy-

tene chromosomes of rye 1 

Heterochromatin 1s visua11zed in the interphase nuc1e1 of divi,ding 

cells as chromocentera~ that ls, areas which are compact and condensed 
p 

rather than diffuse (Swanson ~!!,,' 1967). The number and/or amount of 

chro~tln involved in these chromQcentre~ correlates positively with the 

number ànd/or ~ount of G1emsa-positive chroma tin in the metaphase 

chromosomes of Tri1lium kamtschatlèum (Utsumi and Takehisa, 1974), the 

mouse (Pardue and Gall, 1970), A11ium cepa (Stack and Clarke, 1973&), and 

Tulip!: . (Filion, 1974) 1 

The cold reacUve -H segments of ~.!!2.!. (Dobe1 .!! .!l,. 1973), 

Sci1la sibirica (Vosa, 1973a) Trillium 8randifl~rum (Scbweizer, 1973), 

and Tril1ium kamtechatlcum (Takehi8à and Ut8umi, 1973b) are,equiva1ent, 
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to Giemsa positive regions although the inverse s~tuation does not hold. 

Giemsa May reveal noncold reactive heterochromatins as in ~ ~ 
, 

(Takehisa and Utsumi. 1973a), Trillium kamtschaticum (Takehisa and 

.Utsumi, 1913b) 1 and ~ mays (Vosa and Marchi, 1972). 

In Nicotiana otophora the Giemsa positive regions are equfvahmt to 

chromosomal regions that are naturally more contracted at prophase than . 

the res.t of the chromosome; Prefixation treatments wi,th colchicine and 

• f 
8-hydroxyquinoline emphasized this naturally oc~urring difference (Merritt 

and Burns,1974). The m~anlsm of 1nducing -H segments by exposur:e ta-

Gold or colcemid is apparently due to this same emphasis of a naturally 

oc.curring qualitative difference between the euchromatin and heterochrom-

atin. The condensation of metaphase chromosomes seems to be superimposed 

on the condensation of constitutive heterochromatin, 

~Giemsa - DNA Interactions 

Studies on the dye -' DNA interactions show how the Giemsa dye re'Veals 

condensed versus less condensed regions of the c~romosome. 

_ The Giemsa stain 18 one of the Romanowsky sta1ns; 1 t 1s a mixture. ,of 

the "basic dye Methylene blue, the oxidation products of ~ethylene blue 

. -namely, Allures, A, B; C. and Methylene violet (:&ernthsen), and th~ acidic 

dye easin Y (Gurr, 1965). Methylene blue and its oxidation products have 

'a tricyclic nucleus structurally .ry s1Jnilar to the t'ricyclic acridine ' 
.. 

nucfeus of quinacrine (Modest and Sengupta, 1973)., S~nce the firat step 

in the ~indins o~ quinacrine to DNA is the intercalation of the tricyclic 

nucleus 'between the bases of the double helix (Casperason .!!. al., .• 1968; 

Selander and de la Chapelle, 1973; Mode.st and Sengupta, 1973) 1 it ia 

thought that m~thylene. b1ue and '1ts ox1dants Àlso interéalate into the 
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DNA hel1x (Meisner !!E. !.!.., 1974). " 

,. 
Sumner and Evans (1973) have'shown that.methylene blue i8 bound t~o~ ______ ~----

the DNA ionically and~ alone, will not produce bands •• When sta~ned with 

a mixture of methylene ~lue and eosin Y, chromosomes stain blue 

indicating that they have picked up methylerte blue; banding occurs only 
.' . 

after a magenta color starts to ,appear. This magenta dye compound is 
/ .. 

composed of a 2:1 molar ratio of methylene blue or possi~ly one of its 

oxidants, and eosin Y (Sumner and Evans, 1973; Meisner!: al., 1974). 

The magenta compound may be formed by salt linkage between the 

positively charged sulfurs in the methylene blue molecules an~ the 

carboxy1ic acid'groups of the eosin Y (see Figure 1). The findings of 

Sumner and Evans (1973) suggest that eosin Y successfully competea with-

D~A for ionic binding sites oll __ the methylene blue and that once ,the eosin 

y - methylene blue compound is fQrmed. it ia held ta the DNA by hydrogen 

bonds. Interaction with ,the DNA must somehow strengthen the bo~ds 

between eosin Y and methylene blue aince once separated from the DNA the 

mageota compound resolves ttself into tts component molecules.' but while 

attached to the DNA lt la lnvulnerable to hlgh salt concentrations 

(Sumner and Evans, 1973). 

À corollary bf this sta~nlng. mechanism 1s that the two methylene blue 

molecules must be the appropriate distance apart in ordèr fot the eos1n 
• 

y molecuie t~ bind to both! This implies that the bands, after the pre

trea~ment8, havé more availabl~ DNA binding sites which are the 'correct 

d1sta~ce apart than have the interbands. This s_patial depend.ency for the 

formation of the magenta dye infers a difference in the degree of • 
condensation between -band and interband règions caused by the differentia~ 
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Fi~ure 1. Possible conformation of the 2 
methylene bIue: l e08~n l, magenta compound (~umner 
and Evans, 1973). The chemical,seructures pl methylene 
blue and eosin Y are" taken 'from Gurr (197l:'r. 
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sensit1vity of these regions to pretreatment - induced decondensation. 

The Induction of Bands 

The reagents with which chromosomes are treated to produce Giemsa 

" bands are chemica11y quite diverse yet the bands ,are highly consistent 

(Kato and Moriwaki. 1972). The only thing 
, -

ia that they aIl affect proteins. 'Trypsin 

these reagents have in common 

(Seabright, 19/0 digests . 
) 

regions of éhromosomal pro teins which are not bound to the DNA (Simps~n. 
r 

1972); ures (Shiraishi and Yosida, 1972) disrupts the H-bonds which 

maintain a helices in the histones and bind' histones ta each other 

(Mahler and" Cordes, 1966); high salt concentrations (Comings et al. t ~973) 

induce structural and interchain interactions in apo1ar sequences. ot' 

histones (Bradbury !!~., 1975); oxidation of disu1fide bridges disrupts 

intra- and inter-protein connectives (Otakoji, 1975); alkali (Schnedl, 

1971) cou~d strip the acidic proteins from the DNA, and, by denaturing 

the DNA , disrupt DNA ~ protein linkages (Comings ~,a1., 1973); act~no-

mycin D competes w1~p specifie proteine for Ge binding sites on the DNA 

(Shafer, 1973) and once bound alters the DNA configuration thereby 1n

f1uencing protei~ - DNA interactions (MÛllér and Crothers, 1968r; Ca++ 

and Mg++ free sa~ine (Dev ~!!., 1972) decondenses chromatin by alter-

ing the charg~?ensity along the ~NA phosphate backbone and destabilizing 

DNA - protein bonds (Ris, 1975; 'Mahler and Cordes, 1966). 

.. 
, Alterin~ the chromoaoma1 pro teins emphasizes the differences in 

~ 

condensation between euchromatin and. heterochromatin. We can look'at the , 

metaphase chromosome as having been formed by at-.l.esst one of two maJor 

levels of coiling, heterochromatic and mitotic; euchromatin has on1y the 

mitotic condensation,'whereas heterochro~atin m1ght have on1y heterochrom~, 

. . 

( 
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atic coiling or bo~heterochromatic and mitotic coiling. Loosening 61 

the' condensation of ouly one level would produce a banding pattern after 

the chromosomes W~e atained in G~emsa. 

When co Id treated Trillium grandifl0.E?~ (Schweizer ~ 1973) and 

Trillium kamtsc aticum (Takehisa and Utsumi, 1973b) chromosomes I1re p're~ , 

treated and the stained with Giemsa •. the less contracted -H segments 

still take up tQe stain more inteneely than the euchromatic regions. If 

the cold treatment ptevents heterochromatic regions from underg9ing 

! 

~itotic, condensation without affecting the heterochromatic coiling of the 

DNP fibre, then pretreating the chromosomes witp reagents which loosen 

only mitètic coiling will result in the positive Giemsa staining of 

heterochromatically-coiled chromosomal regions. 

As the preceding impHes 'r~ fibres of Giemsa-positive regions are 
r 

more intensely st~ined th~ the fibres of the interband regions (Ruz1cka 
'" 
and Schwarzacher. 1974). The intense staining of banded regions 18 due 

, 
f. 

to a higher concentration of dye in the fibres of the bands rather than~~_ 

higher concentrati~n of fibres in the bands. ~ 

The preferential loosening of one levei df the DNP fibre'e contract-
" 

iori probably depends on the relative vulnerabilit~ of the proteine 

maintaining the contraction, and this vulnerab11ity cou1d be due tQ struc-
.. 

tural or chemlcal factors. A higher ord~r of condens~tion might ~fford 

the proteins assoclated with it protection from enzymatlc attack. Fibres 

from in~.tlve chromatin are 200 Âwhereas acti~e chromatln fibres measure .. 
100 Â.at interphase (Ris, 1975). The larger fibre size la due to a 

higher degree of compactlon (DuPra~, 1970i Ris, 1975). Both fibres are 

subjected to the toiling of metaphase; for the 200 Â fibre thls la a third 
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level of compaction, ~or the 100 Â fibre i~ is, only a second levei. 

Being less'cômpacted cauld make the proteins of the euchromatic regian, 

in general, more vulnerable to disruptian by pretreatment, thereby 

loosening the condensation. 

, Trypsin, a chymotrypsin, pronase, protease (Dutrillaux, 1973), 

and collagenase (Trusler, 1975) have all been used as pretreatments 

to induce Giemsa bands and the patterns they reveal are consistent with 

each other, implying that substrate specificity is not a factor in 

enzymatic band production. 

The Fl histone fraction is implicated in mitotic coiling and is 

also the first fraction to be digested by proteolytic enzymes (Ockey, 

1973). These enzymes seem to loosen mitotic coiling by preferentially 

digesting Fl histone. If chromosomes are left in trypsin too long, the 

heterochromatic regions also lose their stainability (Comings ~ al., 

1973; Éurkholder, 1974), i.e., their condensation. lt is tikely then 

that the Fl histone is removed first because it ~ initially more access-

ible to attack than the proteins responsible for heterochromatic -condensation. 

Giemsa bands are a1so produced in human chrOmosomes with pretreatments' 

which oxidize'disulfide bridges (Utakoji, 1973) th~reby-loesening the 

DNP fibre$ structure preferentially in the interband regidns. Sumner 

(1974) found th,at the Giemsa bands were rich in disul'fide bridges whèr as 

interband regions were rich in sulphydryl groups. 
/ 

These findinas infer 

that the disulfide bridge~ within the band regions are 1ess v.ulnerable te 

attack by pretreatment agents • 

.J. & ... ct' 
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Mamma1ian Chromosome Banding 

In mamm~ls there appear_ to be ~wo distinct 1evels of heterochrom-

atin revea1ed by Giemsa banding techniques. These are the G- and R-

bands which revea1 intercalary heterochromatin and the C-bands which 

revea1 centromeric heterochromatin (Comings, 1973). 

G- and R-Bands 

Mi1d pretreatments or exposure to 90°C phosphate buffer prior to 

staining differentiate the interca1ary heterochromatin. Structura11y, 

these bands behave simi1ar1y to chromomeres in that genera11y a broad 

band in a metaphase chr~osome is sean to consist of two to 

narrower ~ands at proPhas~. This behavior'is seen in human 

three 

(Chen and 

Shaw, 1272), Muntjac ,(Patterson and Petriccian.1, 1973), and Rattus 
1 

norvegicus (Unaku1 and Hsu, 1972) chromosomes. A1so comparisons between 

the size of the G-bands and their distance from each other at metaphase 

in Chinese hamster· (Kakati and Sinha. 1972). severa1 species of Peromyscus 

(Pathak ~ al., 1973a), human (Pearson, 1972), Muntjac (Brown and Cohen, 

1973) and Rattus norvegicus (U~akul and Hau, 1972) chr~m~omes rêveal an 

at 1east superficial uniformity. Taking~é~measùrements from e1ectton 

photomicrogtaphs. Bahr !!!!. (1973) estimated that there are 2 msjor 
... 

chromomeres to 1.07 G-bands and 8uggested that the G-bands are due to 

the "effects of various methods influencing and Tearrangi~8 (the) basic 

organizatlôn" of the chromomeres. This wou1d explain the stroog correspond-

enée of the G-bands and the chromomere pattern of pachytene bivalents 
." > 

found by Okada and ComL~8s (1974) in the Chinese hamster. 

Considerable evidence has accrued which implies that the G-bands 

.. 
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conta in AT-rich DNA (Comings, 1973; Schreck ~ !l., 1973; Miller ~ al., 

1973; Pathak!!. al., 1973bj, Shafer, 1973). G-bands are virtually 

equ~valent to the fluorescent banos produced by quinacrine (Pearson, 

1972). lt ia probable that the fluorescence of the Q-bands ia due ta 

interactions between AT-richness, a specifie sequence and degree of 

base repetition, and the structure of the DNA helix (Weisblum and 

DeHaaeth, 1972; Selander and de la Chapelle, 1973). Lysine-rich histones 

might be preferentially associated with G-bands by virtue of their 

association with AT-rich DNA (Combard and Vendrely, 1970). 

C-Bands 

C-bands are differentiated if the chromosomes are exposed for longer 

periods of time to the G-band inducing pretreatment reagents. While 

G-band treatments extract very litt1e pNA or protein (no.t more than 9,% 

of the former and 13% of the latter), C-band techniquts often extract 

up ta 58% of the DNA and 28% of the protein (Comings et al., 1973); the 
< --

DNA is preferentially removed from non C-band areas (Alfi 'et al., 1973). 

The production of C-bands does not depend on DNA ex~raction aince 

prolonged expasure to 0.0005% .trypsin: produces C-bands 'without ex'tracting 

any appreciab1e amounts of DNA (Cominge !l!!., 1973). However, another 
, 

1evei of condensation is being affected by the C-banà techniques; they 

often dls~upt.the interpand DNP fibre at the level of the secondary 

structure of DNA while the ~-band and R-band techniques decondenae the 

coil at levels higher than this, preservlng the DNA double helix. 

perhaps the invu1nerability of the C-bands le due more ta the chemistry 

of their DNA and proteine than to the 'structural protection Qf these 

proteins. 

.. ' 
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The C-band heterochromatin seems to be even more condensed than 

the G-bands. The C-band 10cated at the secondary constriction id the 

10n8 arm of chromoso~e 9 of man does not stain pQsitive1y after G-band 
/ 

techniques (Paris tonference. 1971). It is possible that this r~gion 
1 

is so contracted that the dye molecules cannot effectively penetrate 
; 
; 

it even after G~anding. Optimal magenta compound formation would 
, 

depend on the ~e18xation of this region prO,vided by the C-band pre-

1 
treatments. /' 

, 
Highly repetitious DNA has been loca1ized in the C-bands of~an 

1970) .~ (Sanchez and Yunis, 1974), Microtus agrestis (Arrighi ~!l., 

and Seba's fruit bat (p~t~ak!! al., 1973b) chromosomes. The fraction 

of nonhistone protein associated with highly repetitious DNA (Allfrey 

!! al., 1974; Bekhor ~ al., 1974) might be responsib1e for the coiling 

which gives the C-bands their relative i~vu1nerability. 

Plant Chromosome Banding 

Bands have been produced in plant chromosomes by some of the same 

techni4ues'that have produced bands iü'animal chromosomes. By fB~ th~ 

m~st frequently used technique for plant chromosome banding 18 the one , 
based on the Barium-Saline-Giemsa (BSG) technique (barium hydroxide', 

2XSSC incubation) used by Vosa and Marchi (1972). It is a modification 

of Sumner !!~.'s (~971) C-banding technique for mamma1ian,chromosomes 
. . 

and,has been used s~ccessfully on rre (S~rma and Natarajan, 1973; Gill 

and Kimber, 1974; Hadlaczky and Koczka, 1974; Verma and Rees, 1974), . , , 

Allium ~epa. Ornithogalum virens (Stac~!l!! •• 1974). SCftla aibirica ...... 
(Vosa, 1973a); six species of Anemone. Hepatica nobilis (Marks and 

Schweizer, 1974). and three Tulip! cultivars (F1110n. 1974), A s1mi1ar 
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technique usi~g NaOH instead of a saturated solution of BaOH was us~d 

on· Trillium kamtschaticum (Takehisa and Utaumi, 1973b), ~ Qisco1or 
.r . 
(Natarajan and Na~arajan, 1972), and ~ faba (Takehis.a and Utsumi, 

1973a) chromosomes • 

.Most of the technique,s used on plant chrQlllOsOOles can be 

eategorized as C-banding techniques although Dobel et al. (1973) used a 
~ , .!:! --

G-banding technique to produce bands in ~~ and Schweizer's (1972) 

technique would best be qualified as "Intermediate"; he used overnight 

incubation at 60°C in 2XSSC, while C-bands were produeed in mouse chrom-

OBomes with overnight incubatiQn at 60°C in 6~SSC (Comings et al., 1973), --
and G~bands ~oduced in mammalian ehromosome~ by incubation for one 

.---' ----
----~ . 
~ at 60°C in 2XSSC· (Sumner ~ al., 1971)., Stack and Clarke (1973b) 

---------_____ --- and Stack et al. (1974) used an R-banding technique ta reveal pericentrom----- --

. ~. , . 

erie heterochromatin in Ornithogalum virens, Plarttago ~ and êl1ium 

ce2a . 

~ Whichever technique has been used, nbt~ing really equivalent to 

G-bands has been observed in plant ch~o~somes although plant pachytene 

chromosomes have chromomeres. POBsibly, as Natarajan and Natarajan (1972) 
If 

have suggested, the rather extreme squash techniques nec~Bsit8ted in 

cytologieal preparatioœ of plant cella, as a result of the presence of 

cell walls, destroy the more sensitive G-bands. 

There is no consistent correlation between the Giemsa-induced bands 

and thoae ,produced by quinacrine in plant chromosomes. Vasa and Marchi 

(1972) found three types of heterochro~tln differentlated by quinacrine 

'and Giemsa staining: Giemsa positive,vquinacrine red~ced (Tulbaghia 

1eucantha>; Giems4 pos~t1ve, quinacrine enhanced (Allium carinatum); 

Q -

A; 1~i~tJ:~"..~!~~~1~ ~ ):~~1:if~1iiJlt§liiitI~.l.~.t'~; ... 

.-_----

t. 
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Gie~sa positive, undifferentiated by quinacrine (~mays). The quench

ing of quinacrine fluorescence has ~een accredited to higher' GC contents 

(Weieblum and DeHsseth, 1972) ao that pos'sib1y in Tu1ba.ghia leucantha 

the heterochromatin is GC-rich. The heterochromat1n of Al1ium tarinatum 

might th~n be relative1y At-rich, while in ~ mays-thè heterochromatin 

might have an AT IGC r:,atio identica1 t,o that of euchromatin. Cionini 

(1973)' has shown in Vicia faba thlilt the pericentromeric region of 

the M."chromosome ie AT-rich; there are three bands in this region which 

are Giemsa positive after certain pretreatmentà (Takehisa and Utsumi, 

1973a) and quinacrine enhanced (Casper8~on et al., 1969), -,-
Extraction of all the histones using polystyrene sulfonate prior 

to quinacrine staining prevents the enhanced fluorescence of hetero
'\ 

chromatin in human chromosomes (Kitchin, 1973). Overnight exposure of ..,. 
human chromosomes ta 5 N HCl at 4°C extracts histones and a1ao causes a 

loss of Giemsa-banding potentia1 (Bobrow" 1974), Histones would seem 

ta have an import~nt ro1e ~n band pro~uct~on in mammalian chromosomes. 

They may be more dire~tly and specifically involved in the banding of plant 

chromosomes. In bath Secale cereale and Vicia faba there ia a category 

of Htl s~nsitive p~ricentromeric heterochromatin (eee Tables l and II), 

The condensation of this region may be dependent on histones. In rye 

most of the interstitial heterochromatin is a1so HC1 sensitive, whereas 

the knob heterochromatin and Nuc1eolar Organizing Région (NOR) chroma tin 

are not.. In ~ ~ the NOR ~epends on hôt HCI treatment to be con-
'li 

sisten~ly differentiated., This might be another case of over1y contracted 

chroma tin where the removal of the histone fraction decondenses the chrdm~ 

atin enough'to allow intense staining to occur. 
," 

, -

. \ 
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TABLE 1: The eff~ct of hot Hel 
macerat10n on the 

- -;' p'resence of Giemsa- _ 
positive ba'nde in 
~cale·eereale after 
Barium-Saline-Giemsa 
technique 

Hot Hel Maceration BANDS 
• Pericentromeric 

_":" .. 

f 

, . 
Interstitia1 Telomeric 

~---- .------- "}" 

Sa~ and Nata%&jan(1973); 
Vermé and Rees (~973) 

Gill.and Kimber (1974); . ~ 
Hadlaczdy and Koczka (1974) 

lNucleolar Orlanizing Relion 
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± + 

+ + 
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NORt 
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Au~hor 

-Tàkeh~sa and Utsumi 
(l-973.) 

Dobe1 et aL (1973) 

t 

Mataui (1974) 

lNuc1e~lar Organizing Region 

~ 

~ 

~-

TABLE II: The effect of hot Hel 
on the presence of 
Giemsa-positive band~ 
in Vicia faba ---

Hot Hel BANDS 

Pericentromeric 

a) NaOH + 
b) 6XSSC 

a) Urea 
b) Sorenson's- + 

buffer ' 

a) ..... ?% ~CA, 90°C + 

" t 

' . 

--

-H 

+ 

'--

+ 

ft ..._ 

e 

NOa.J 

± 

+ 

+ 

-.~ 

W 
N 

.... 
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, 
The hot Hel sensitivity of the pericentromeric heterochromatin 

-
from two quite divergent species-might indicate that hot HC~ sensitivity 

ts a ~niversal featùre of plant pericentromeric heterochromatin • .. 

, 
'.-

\ 
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MATERIALS AND METHODS 

Hordeum vulgare 

Seeds pf barley (Hordeum vulgare L., cultivar Montcalm, obtained 
~ . 

from the Department of Agronomy, ~cdonald College) weTe'placed on wetted 

filter paper in Petri dishes and allowed to ger.minate in the dark at 

room temperature (ca. 20°C). To aid in obtaining a suff1cient number of 

condensed chromosomes a solution of 0.05% colchicine or 0.002 M 8-) 

hydroxquinoline was added to the germinating seeds between two and four 

hours prior to harvesting the root tips. The root tips were fixed ~n 

Carnoy's solution (6 parts absolute ethanol: 3 parts chloroform: 1 part 

glacial acetic aeid). or ethanol-acetic acid (3 parts 95% ethanol: l 
, 

part glacial acetic aCid), overnight. They ~er,e washed with distilled water 
• 

and th en macerated by one of the four'techniques outlined in Table III. 

The root tips were stored in 70% ethan~l in the refrigerator until used. 

The meristematic region of the'root tip was excised, placed in a 
, 

drop of 45% aeetie acid oa a sub~~d sli~ and cbopped up. A,coverslip 

was placed on the preparation'and the' slide was gently heated over an , 

alcohol. Iamp prior to sq~ashing. The preparation was then thoroughly 

examined microscopieally, and the co-ordinants of any' appropriate meta-

phase spreada were reeorded. The coverslips of well-prepared slides were 

removed by the quick freeze method of Conger and Fairchild (1~53) with the 

following al~rations: Cryokwik was sprayed on the eoverelip before its 
\ 

removal. and after the aleohol washes the slides were al10wed to air dry. 

Five methode were used to induee banding: 

1. Incubation in Sorenson's buffer prior to stainins in Giemsa 

, , 

, -
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Acid 

\ 
Entyme 

Acid-Enzyme l 

}J _ Ac1d~Enzyme II 

,0 

, ' 

,TABLE III: Maceration techniques 
used on Hordeum vulgare 
and Vicia fAba --

6 hours .(~ faba), 30 minutes '(barleyh 
90% acetic acid. room temperature. 

Wash in distilled water. 

3 hours (Vicia faba), 1 ho ur (barley), 
- 5% P e ët'IOa"s ë."30.o C • 

Wash in distilled water. 

l minute, l N Rel. room temperature. 

12, minutes" 1 N HCI, 40°C. 

1 minute, cold lN Hel. 

Wash 1n distilled water. 

60 minutes, 5% pectinase, 40°C. 

W~sh 1n distilled wa~er. 

30~40 minutes, 70% acetic acid, room temperature. 

Wash in d1stilled water. 

25-35 minutes, 5% pectinase, 35°C. 

15-20 minutes, 5% cellulase, 35°C. 
\ 

Wash 1n distilled water. 

.' 
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(Kato and Moriwaki, ~972) .• 
" 

7. Incubation in 2XSSC Erior te staining in Giemsa (Schweizer, 

1973). 

• 
r. 3. Trypsin1zatien prior to staining in Giemsa •. (Wang ~ al., 

1972) • 

4. Immer~ion in ~2PO~ fo11owed b~ flooding with a mixture of 
t < 

Giemsa and try;!}!in in KH2POit (Sun.!!.!l. " 1973). 

5. Exposure to a saturated solution of'aaOH followed by 
_ '}-J 

incubation in 2XSSC. prior to staining in Giemsa (Sarma and N~ara 
1 ... 

1973). The details of the p~treatments and stainlng procédures 

are listed in .Tables IV-VIII. 

, '. 
Vicia faba --

Seeds of Vicia~, cultivar Broad W1n~or Long Pod, obtaine from 

Stokes Seeds and treated by this company with fungicide Ar~san, were ~ 

planted in soil and grown,in the 'ire~nhouse. Root tips were taken from 

six-week-old plants and fixed immediately in ethanoI-acetic acid or 

-----expëSed to a 0.05% colchicine solution for two hout;'S prier to fixation. 

After 18 to 24 hours in fixative, the root tips were washed in distilled 
,. 

W$ter and macerated 1n either 70% acetic acid, Or 5~pectinase (TAble III). 

They were stored in 70% ethanol'in a ·refrigerator until used. 

" 
The procedure the root tips and removing.th~ coverslips 

was identica1'to th t used on/barley. 

AlI v. faba pr stained according to the trypsin-Giemsa 

techoiques detailed in Table IX. 
i 
1 

/ ! . 

,1 
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Expt.· Maceration 
no. 

l 

2. 

.' , • ..!~ 

Ac id
Enz •. l 

Acid- • 
Ellz. l 

• a 3' ... Acid-. 
'Enz. l 

~ 

·pH .. 

6.8 • 

6.95 

6.8 

._\ 

TABrE IV: Banding techniques: 

STAINING 

Staining 
solution 

S orenson ' s 2 

H20 
Giemsa 

Sorenson's 
H20 
Giemsa 

Sorenson's 
Giemsa-

• 

Hordeum vulgare 
pretre,tment with Sorlhson'a 
buffer 

------~_.~ 

Concentration pli 
(ml) (%) 

20 6.8 
30 

1 2 ~ 

20 6.95 
30 • 
.l-~, 2 

40 6.8 
1 2.5 

... 

, 

Time 
(min) 

60 

30 

45 

lpretreatment time was 30 minutes, and pretréatment temperature~s 37°C for aIl experiments. 

2 This staining s?lu~n was taken from F~ey ~ al. (1972). " 
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PRETREATMENT 
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TABLE V: Banding techniques: 
Hordeum vulgare 
pretreatment with 2XSSC 

... .: .. -----" 
. " " . 

S~~G 

,. 
• 

----,--- ----- ---- -----..---- ---

-pH Time 
(min) 

Temperature Staining 

80lut~. 
Co,~entration 

(OC) (ml) \}%) 
, , ~ 

7.0) 60 &~ 60 Sorenson'sl 20 
H20 30 
Giemsa 1 2 

) 

pH 

6.95 

lThia staining solution was' taken frO-:-Fre; et al.~9J2). , 

'"<.-~,,,," II' 

~ 

.. 

~ 

-" ~ 

\ 

Time 

(min) 

45 

"' 

/ 

T~erature 

(OC) 

1 

1 

, 

20 

\. 

w 
(Xl 

"\ 
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TABLE VI: Banding techniques: 

Hordeum vulgare 
pretreatment with trypsin 1 

t 

" .. 
Expt. Maceration PRETREATMENT STAINING 

j 

no. Reagent pH Time Stain1ng Concentration pH Time Temperature 
(min) solution ' (ml) (%) -- (min) (OC) 

fil' 

1 Acid Saline 85~ 40 ml 2 
7.~ 3 Phosphate 5 20 

EDTA-2Na à.08g buffer 3 
40').ç 7.0 

Trypsin. 5% 2 ml Gre~sa 10 25 

2 Acid Saline 85% 40 ml 2 7.2 2 Sore~sonlslt 20 6.8 60 20 
-.-.. EDTA-2Ne O. 08g HzO 30 

Trypsin, 5% 2 ml~ Giemaa l 2 

3 Ac id- Sorenson 1 a 40 ml 6.8 3 Sorenaon 1 s 40 " 6.8 5 20 
Enz. II Trypsin, 5% 2 ml Giemsa 10 25 

.. 
IAII pretreetment solutions had e final trypsin concentration of 0.25%; aIL preparations were incubated 

in the pretreatment solutions at 34°C. \ 

.~ 2 This pretreetment solution is a modification of Wang et al. (1972). 
toi 

3Th1a staining solution 1s taken from Ray & Hamer~on (1973). 

ItThis-stain~ ablution ia taken from Frey ~ al. (1972). 
~ 0 

--. 

.. 

" 

.. 

l.oJ 
\0 
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TABLE VII: Banèing techniques: 
Hordeum vulgare 
trYPSln-Giemsa i 

"l.:"tt., • 

D ft.... 
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PRETREATMENT 

. Macera tian Reagent 

Ac1d
Enz. II 

a) BaOH, sato 
b)2XSSC 

--~ 

pH 

'" 

Time 
(min) 

5 
120 

'" 

AMJO,'4$,1 ., ... ~'Yl'J'-,'rr:"'·'GUtp p," ,-; 

TABLE VIII: Banding techniques: 

Temperature 
(OC) 

20 
66 

.. 

Hordeum vulgare 
Barium-Saline-Giemsa (BSG)l 
'--

STAINING 

Staining 
solution 

Sorenson's 
Giemsa 

\-

(ml) 

40 
2 

Concentration 
(7.) 

5.0 

ITechnique of Sarma and Natarajan (1973). 

., 

~ 

JI 

l, 

"" ~. 

pH Time 
(min) 

6.8 20 

• 
'f-

Temperature 
(OC) 

20 

if; 

~ 
1-' 
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'" TABLE IX: Banding technique: 
Vicia faba 
-- l trypsin-Giemsa 

= 
Maceration STAINING2 Expt. 

no. 
Staining 
solution 

Concentration 

1 . Acid I<H2PO .. , 0.025 M 
Methanol 
Giemsa 
Trypsin, 0.1% 

2 Enzyme KH2PO ... 0.025 M 
Methanol 
Giemsa 
Trypsin, 0.1% 

3 Enzyme KH2P0't, 0.025 M 
Methanol 
Giemsa 
Trypsin, 0.1% 

(ml) 

36.50 
12.50 
1.00 

',0.25 

36.50 
.p.50 
1.00 
0.25 

34.00 
12.50 

1.00 
2.50 

(%) 

2 
0.0005 

2 
0.0005 

2 
0.005 

l,This pretreatment and staining technique 16 based ott the te,chnique 
us'ed by Sun et.!.!.. (1973). .,' . \ 

.....,.~ 1. 

preparations wêre pretreated by;, incubating them in '~ 
0.025 M KH2P~It, pH 6.8, for ~mi~utes at 56°C, and- then 
were exposed to atai~ing sol~~ions adjusted to pH '6.8 for 
10 minutes, at about. 20°C •. 

j " '~". ~ ,'" 
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~ pedunc~latus 

Seeds from Lotus pedunculatus and the backcross between 1. peduncul-
:-- ; 

atus (female) and the primary trisomie (male) for chromosome number 5 

(Chen and Grant, 1968) were germinated in Petri dishes and the seedlings 

planted in soil. Since a l6-hour day length causes flower formation which 
'. 

lowers ,the mitotic activity of the root tip meristems, the plants were 

kept in a growth chamber during the summer in which a l2-hour clay length 

was maintained. In the fall the plants were transferrecl ta a greenhouse. 

After brief experimentation with various times of expasure to 0.002 

M 8-hydroxyquinoline and 0.05% colchicine. a prefixation treatment using 

0,05% colchicine for one 'hour was judged to give the greatest number of 

metaphase cells with optimum chromosome cbndensation and was ùsed in aIl 

further experiments, After fixation in fresh1y prepared ethanol-aeetic 

acid for 18-24 hours the root tips were washed in distil1ed water and any 
( , 

remaining soil W8S removed with diss~ction needle~' 
1 

A modification of the maceration techniqU~USed by Gill and Kimbèr 

(1974) gave good cellular sep~rations and virtua11y cytoplasm-free 

chromosome lapreads: The root tipa were left for 1 - 2 hours at room temp-

erature in a solution of 5% pectinase and 1.25% cellulase to which three 

drops of 1 N Hel per 5 ml had,been ad~ed. The root tips ,were then washed 

in distilled water and stored in 70% ethano1 in the refrigerator until 

squashed. The squash technique used for L. pedunculatus was the same as 

that used for bar1ey and Vicia faba, --
Ta preserve the squashes f~om deterioration due to humldity, the 

alides were stared in an oven kept ~t 60°C unt~l atained. !able X details 

the four Giemsa staining techniques tried ca L. pedunculatu8; three were 

,\ 
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based on techniques successfully applied te plant chromosomes by 

Schweizer (1973), Dobel .!.t al., (1973), 'and Venna and Rees (1974); one 

was a modification ef a technique used by Sun!:.! aL (1973) on human 

chromosomes. 

General 

Rehydrated Bacto-Tryp~in from Difco Labs was used in concentrations 

ranging {rom 0.005% to 0.25%. All Giemsa solutions were made with G.T. 

Gurr's Improved R66 Giemsa Stain. Sorenson's buffer and 2XSSC were made' .. 
according to the formulae of Frey ~.!!.. -(1972) and Craig-Holmes and 

, 
Shaw (1971), respectively. 

After staining, aIl slides were washed in either distilled water 

alone or in .. a Methanol rinse followed 'by distilled water and a110wed to 
,', 

air dry. They were mounted in Euparal or immersion oil (Waqg e~',al., 1972). 
_ ""'r -

. ~ 

AlI photomitrographs were taken with a Zeiss photomicroscope uB~n8 
" 

either Kodak Photomicrography Monichrome Film 80-410 or Kodak ~s-X 

Pan Film. 

.'- .... _-
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Expt. PRETREATMENT 
";-.'1:10. 

~. 
Reagent Concentration pH 

! 2X$SC 7.0 

2 -~ utea' 6 M 
b) Sorénson's 7.2 

3 a) BaOR Sato 
b) 2XSSe 

4 KH2 PO .. 0.025 M 6.8 

TABLE X: Bandi~g techniques: 
~ pedunculatus 

STAINING 1 

;;~~~J~ .. .. ~_ ·l\.;t;~"~-l' 

Time Temperature 
(OC) 

Staining 
solution 

Concentration pH 
(ml) (%) 

24 h 65 Sorenson's 50 6.9 
Giemsa 1 2 

30 min 20 Sorenson's 50, 6.8 
5 min 20 Giemsa 1 2 

5 min 20 Sorenson's 50. ~ 6.8 
l h 60 Giemsa 1 '2 

10 miu S6 KH 2 PO ... 0.025 M 34 6.8 
Methanol 12.5 

~ Giemsa ! 2 
Trypsin. 0.17. 2.5 0.005 

lA!! -staining was done at room termper1iture. ca. ,.200 e. 

'-

n. 

. - ",,, ..... "",~--~ .• ~- '.;"'~"~'1'~~ 
_ .f "!.r~~....,.~ ;1t<1.~'t1·'~·>,_ ~ M,iti:IfI~ ,i!'" 1 (~"il ",'" ,~ .. ~ 
~- ~.l"'{~._.~..., ~~-i;I 

Time 

24 fI 

12 min 

10 min 

10 min 

• 
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RESULTS 

Effects of Maceration Procedure 

When aIL other steps in the pretreatment and staining procedures 

were equalized, acid macerated prepatations gave clearer chr"omosomal , 

banding than did enzyme macerated I!l4terial in both barley and .Y.!..s!!. ~ 

root tips (Fisures 2-5). 

Effacts of the Degree of Condensation On TrY2sinization 

Chromosomes, at different ,stages, of condensation, exposed under the 

same conditions to' 0.25% 'trypsin for three minutes, are pictured in 

Figures 6-8. The prophase chromosomes were diffuse and the!r stainab!lity 

was very reduced (Figure 6). The ares around the centromeres and ~ few 

spots in the arme retained, relatively undiminished. their ability to 

take up the Giemsa stain. In the normal metaphase chr~osomes (Figure 7), 

the ~hromatids had fused as had chromosomes touching each other. The 

general chromos omal structure was maintâined; the satellites were cleariy 

visible as was the outline of solitary chromosomes. C-metaphase chromo-
1 

somes (Figure 8) ret8in~d even more of their struc~ure; the chromatids of 

several chromosomes had ?ot fused. an~. although there ~ere clusters of 
cr 

chromosomes, there W8S no fusion, and each chromosome waa easily 

distinguish~ble. 

Effects of the Different Techniques Used on Y!s.!!. !.!l?! 

Although the combination of Sun!! al.'s (1973) technique with an acid 

mace~ation sho,ed the most pro~is1ng bands in ~~ chromosomes 

<, 
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Figures 2 to 5. Effects of the maceration 
procedure on ~rypsin-Giemsa-banding in Hordeum vulgare 
and Vicia faba chromosomes. ---
Figure 2. H. vulgare. acidJmaceration (T~b1e VII. v 

Expt. 2). X 1035 

Figure,3. H. vulgare. enzyme maceration (Table VII. 
Expt. 3), X 1035 

Figure 4. V. fâba, acid maceration (Table IX, Expt. 1). 
, X i9"o 

Fig1,1re 5;t'_ V. faba, enzyme maceration (Table' IX .. Expt. 2), 
x i9"o-

/ 

.. 

o 
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Figure 2 Figure 3 

-
1 

Figure 4 Figure 5 



ait 

Figures 6 ta 8. The effect of tryptic digestion 
on Hordeum vulgare chromQsomes at three different stages 
of condensation, X 815. . .. 

AlI preparations were exposed to 0.25% tryps1n 
f~r 3 minutes prior. to staining in Giemsa. 

, Arrows indicate interstitial (.arge arrows) and 
pe!icentromeric (small arrows), Giemaa~positive heterochromatin. 

Figure 6. Prophase 

Figure 7. Metaphasl!' 

Figure 8. C-metaphase 
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Fig~ 7 
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Figure 8 
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(Figure 9~, thé best analyzable metaphase spread was the result Qf an 

enzyme maceration and Sun ~ al. 's (1973) technique (Figure 10). The 

bands appeared as bulges in the contour of the chromosomes a~ weIl as 
/ 

darkly staining regions. This te characteristic of Sun ~ ~.' s (1973) 
." 

technique, used originally on,numan chromoso~es. With an acid maceration, 
,,' . . .: 

the buige~ disappeared and the bands became darker. Raising the con- . 

centration of trYPs,iI]- in the enzyme macerated material from O. OQ05% ta 
1 

.~ 

0.005% !;Iwelled the 'chromtlsomes; thé bulges were no lO~F obviol,1"S and 
f~~~~:" ... 

some of the bands became pale or 'disappeared altoge~r (Figure Il). 
~ 

\ 

Karyograms Of(the two types of band~ng observed in ~~ ~ f~~ls 

\ 

study are compared with an idiogr"am of nobel et al."" s (1973) banded V. faba . --' --
chromosomes (Fig~re 12). The two major differencls were in the reactions 

of the Nucleolus Organizer Region (NOR} on' the M chromosome and the peri-

centromeric re'gions on thè long arms of the S· chromosomes and the M 

chromosomes. nobel et al.'~ (1973) technique banded the NORs and not --
the pericentromeric regions, whl1e the trypsin-Giemsa technique (Table IX, 

'Expt. 2) banded the peri.cent rOlIleric regions, and not the NORs. The peri~ .. 

cen~romeric regions in some of the chromosomes lost ~heir bands with the 
... ,'.' 

hi'gher tryps.in concentration' used. in Expt. 3 (Table IX)" 

1 
Anothar.difference was that neg~tive bands appeared in the'trypsin-

Gi:msa preparatious. There were fo~r categ~ries 

1. Subs~itutions. Some of the irtterstitial 

of né'ltive bands observed: 

bands'~h Dobel ~ .!!.. ' s 

_. (1973) chrom.osomes 'showed up as negative bands in the trypsin-Giemsa 

techniques, notably the band in S3 ,and 55. 

\ 

( 
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Figures 9 to 11, The effect of different ma~eration 
procedures and trypsin concentrations on th~ Gi~sa-6anding 
of ~ faba chromosomes, X 790. ., 

1. 
Figure;, 9. Acid màceration, 0,0005% trypsin (Tabli.IX, 

Expt-. 1) 

_ Figure 10. Enzyme maceration, 0.0005% trypsin (Table IX, 
Expt. 2) 

Figure 11, Enzyme maceration, 0.005% trypsin (Table IX, 
Expt. 3) 
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Figure 12. Comparison of the bands induced in 
Vicia faba chromosomes by three Giemsa-banding techniques, 
~~uthor's study), and, b (D~bel ~ al., 1973), 
x 1400. 

5 - "Substitutions," l
A - "Adjacents," U - "Uniques." 
explanation of these categories. 

"Interchange-a.bles," 
See the text for an 

a. Enzyme maceration, trypsin-qiemsa technique (Sun et al, 
1973); 0.0005% trypsin (this study: Table IX-,--
Expt. 2), 

b. Hot HGl maceration, incubation in 6 Mures, 30 minutes, 
fol1owed by incubation in S~renson's buffer, pH 7.2 
for 5 minutes, followed by staining in Giemsa. 
~diogram taken from ~bel ~~. (1973) 

• c. 
1 

Enzyme maceration, trypsin-Giemsa technique (Sun 

" et al., 1973); p.OOS% trypsin (this study: 
Ta~le I~;~pt. 3) 
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2. Interchangeables. Negat,ive b~nd' and 'dark banill appeared to be 

interchang~ab1e in sOme instances; on, the S 3 chromoBom n the trypsin-

f 
Giemsa preparation (Figure 12, c) one chromatid had areg tive band where 

the other had a positive b~nd. 

3. Adjacents. Negative bands often appeared adjacent to darker 
r 

bands as in S2' SIP and the long arm of M. /' 

4. Uniques. TheBe were negative bands in the ong arm of the M 

\ 
\ 

\ 

chromosome that did not corre1ate wit~1 any bands 
1 

(1973) technique. 

ptduced by Dobel !.!: al.'" 

! 
Effects of the Different Tethniques Used on ~otus peduncu1rtus 

- 1 , 

Of the four banding techniq~es applied to ILotus peduncu1a7'ts chrom-

osomes (Table X). the only one which produced clear bands in mètaphase 

chromosomes was Schweizer's (1973) (Figure 13). The other three techniques 

produced uniform1y stained metaphase chromosomes (Figures 14-16). The 

chromosomes in the bande~BPread were more contracted than thoBe in the 

other three preparations. 

In the pr~paration stai~ed according to Schweizer (1973), ~he dis-

\ 

tribut ion of bands and the m~phology of the chromosomes allowed an exact 

visual pairing of the .chromosomes without the neces~ity of making detai1ed 
1 

measurements (Figure 17). One of the two sma11est pairs stained intense1y 

along its ell~ire ,length. At prophase thi~ pair wa,s already fully 
~.... ~ .. 1 

condenaed whereas the other chromosomes were not (Fi$ure 18). 

One of the 1a~ger proAse chromosomes, '3 (Figure 18), showed large areas 

of perlcentromeric heterochromatin and smal1er areas of te10meric hetero-
.. tU 

chromatin; a pattern which was repeated in t. penduncu1atus chromosome 3 

" - ~ -- . 
.(1. 
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Figures 13 to 16, Effects of different techniques 
on Giemsa-banding in ~ peduncu1âtus chromosomes, X 840, 

Figure 13. Table X, Expt. 1 (Schweizer, 1973) 

Figure 14. Tab1eX, Expt. 4 (Sun!:E.a1.,·~973) 

Figure 15. Table X, Expt. 3 (Verma and Rees, 1974) 

Fgure 16. Table X, &cpt. 2 (Dobel !:! al., 1973) 
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Figure 13 

Figure 1S 
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Figure 14 
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Figure 16 
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Figure 17. ~ peduncu1atus metaphase chromosome.s; 
Table X, Expt. 1 (Schweize~, 1973), X 1792. 

Numbers'indicate chromosome pairs. 
Arrow is point~nt at a faint band in the short 

arm oL the 1arger satellite chromosome. 

Figure 18a. L. pedu~culatus prophase chrom?somes; 
Table X, Expt. 2 ,(Dobel et al" 1973), X 840. 

Arrows indicate int;rchromosoma1 connectives • 

. Figure '18b •. Aline interpretation of the 
chromosomes in Figure.lBa. 

Numbers indicate/chromosome pairs. 

• Figure 19 to '20. ~. peduncu1atus trisomic6 
(Chen and Grant, ~. unpretreated and unstained, phase 
contrast. X 840. ' 

Arrow in igure 19 indicat~s chromosome 2 which 
has a block of,heterochromatin i~ the short arm • 
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1 

stained according to Schweizer's (1973) technique (Figure 17) •• 

Effects of the Different Techniques Used on Hordeum Vu1gare 

... 
Two levels of comparison were use~ to analyse the barley results: 

Within Treatments and Between Treatments. 

Within Treatments 
, 

Pretreatment with Sorenson' s Buffer~ Table IV .-
The maj or variable here was. the time of immersion ip the Giemsa 

stain. The staining time whic,h produced optimum chromosome banding was 
' .. 

30 minutes (Figure 21). Although bands were discernible in metaphase 

chromoso~ stained for 45 (Figure 22), and 60 minutes CFigu.e 23), there 

was little distinction in the intensity of the uptake of the stain 
" 

between banded and nonbanded areas. Prophase chromosomes stained for 

longer than the optimum time and the optimum time gave no evidence of· 

banding (F~UreS 2~and 25, respective1y). Thé prophase chromosome 

~ucture in ~~~~ pre~arations was distinct and c1early showed that 

proximal areas were more condensed than the distal ones • 

Pretreatment with Trypsin: Table VI 

, Comparison of chromosome .!'fnding techniques "'t'esulting from Expts. 1 

and 3 showed 86m~ significant differences in quality and deg~ In 

Expt. 1. the chromatids fused. the bands stained darkly, ~d the lnter-

\ 

bands remained unstained (Figure 26). In Expt. 3. the ~hromatids dtd.not .~ 

fuse and al'though banding was present there was less difference in thè· 

intensity of stai,n between the bands and interbands . (~gure 27). Both 

prepa:ati~8 were exposed to 0.25% trypsin for ~e minutes and then 

stained for five miqutes in 25% Giemsa. , r 

• 
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Figures 21 to 25. Effects of Soren~on's buffer 
on banding in Hordeum vulgare chrIDmoBomeB; all preparations 
pretreated in Sorenson's for 30 minutes. 

Figures 21 and 25. Metaphase and prophase chromosomes, 
respec~ively; 30 minutes in Giemsa (Table IV, 
Expt. 2); arrows indicate satellite chromosomes, 

/J 
X 1035 

Figures 22 and 
X 815, 
Giemsa 

24. Metaphase. X 1035, and prophase, 
chromosomes, respective1y; 45 minutes in 
(Table IV. Expt. 3) 

... 
Figure 23. Metaphase chromosomes; 60 minutes in Giemsa 

(Table IV# Expt. 1), X 1035 
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Figure 23 

.. Figure 24 Figure 25 
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~ Figures 26 to 28. Effects of pretteatment with r 
0.25% trypsin on banâing in Hordeum vulgare chromosomes, 
X 1035. • 

Figure 

Figure 

26. Three minute exposure ta trypsin solution 
cdntaining EDTA in 857. saline (Table VI, Expt. 1) 

27. Three minute exposure to trypsin solution 
consisting of Sorenson's buffer (Table VI, Expt. 3); 
arrows indicate satellite chromosomes 

Figure 28. Two minute exposure ta trypsin solution 
containing EDTA in 85% saline (Table VI, 'Expt. 2) 
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The maceration techniques were different, but both included a 30 minute 

exposure ta 70% acetic acid (Table III). 

• The differences between these two techniques were in the preparation 

and pH of both the trypsin solutions and' Giemsa solutions. The difference 

in pH between the so~tions in Expts. l,. and 3 was only 0.4 for the trypsin 

solutions, and 0.2 for the staining, solutions. The s taining solution in 

Expt. l was made from Gurr's buffer tablets (L654), while the sta~ning 

,.solution used in Expt. 3 was diluted Sorenson's buffer. 

The major ~ifference in the make up of tne trypsin solutions was the 

presence of the chelating agent (ethylenediamine tetracetic acid (EDTA) 

in EXPf. 1 and its absence in Expt. 3. The sodium ion concentrations were 

also a source of variance; the concentration~in the trypsin solution from 

Expt. 1 was'ab§ut 14 ~ whereas the concentration in the solution from 
"!> , 

Expt. 3 was maxtmally 0.2 M. 

Treatment of chromosomes'for two minutes with the high salt, EDTA, 

trypsin solution (Figuré 28) produced fusion of the chromatids 
....... 

but the dJsSjnction betwe~ter~~~~_and banded areas was not as vivid 

in thosekhromosomes treated for three minutes with the same trypsin 

solution. ~he staining technique for the, former was different and 

a 60 minute incubation in 2% Giems~ather than the five minute inc 

in 25% Giemsa used in the latter technique. This may havi' had some , ... .... \ ') ~ 

on the relative stain intensities of band sad interband regiQns. 

\ 
Trypsin-Giems'a: 'hable VII 

Experiments 2 and 3 are identical exc~pt for the maceration pr .. 
used., Wh7t'l acid was used, bands,were produced; when 57. pectinas was usec!~_ 

" 

• 

• 
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no bands weLe produced (Figures 29 and 30). The on1y banding observed 

when an eniym~maceration was used was after the concentration of 

, . 
trypsin had b~en increased 40 fo1d (Expt. 4; Figure 31). 

In Expts. 1 and 2, the effect of th.e time of exposure ta the 

trypsin-Ciernsa staining solution can'be seen (Figures 3~, 33, 29). 
l' 

1 There is sorne difficulty in com~aring the effec},~! these two Èreatments 
.; 

since the chromosomes exposed to the trypsin-Giemsa for 15 minutes 

(Table yI!, Expt. 2; Figure 29) were more condensed than the chromosomes 

exposed for 10 minutes (Tabl!,! VII. Expt. 1; Figures 3,2 and 33). A 

comparison of the Total Chromosome Length (TeL) in the two karyotypes , 
, \,. 

(Figures 29 and 33) showed that the chromosomes iij'Figure 29 werè 18% 

shorter than the~chromosom~a in Figure 33. Therefore, the increase in 

width of almost 100% in the chromosomes treated for 15 minutes with the 

trypsin-Ciemsa solution (Figure 29) cannat whol1y be account'ed for by 

condensation and must be due in part to the longer time of exposure to 

trypsin. 

, 
The te~mere~ were more obvious1y stained and the pericentromeric 

regions less obvious1y stained in the 1ess condensed preparation 

---~~ 
for 10 minutes ~Figure 33) than in the more condensed preparation 

for 15 minutes (Figure 29). Both prepara~ions had about the sarne number 

of countable bands. 

'f Between' Treatments 

~ ) 

, 

AlI chromosomes in the barley karyotype were either metacentric or 
~ , 

submetacentric, and the shortest chrom6some,was 77% of the length of the 

longest. This symmetry made the resQ1ution of chromosome pairs rather 

·d~ficUlt. especially in incomplete rnetaphase spreads. As mentioned in 

... 
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Figures 29 to 33. Effects of the trYPSi~~iem~ 
technique (Sun ~ a1.., 1973) on Hordeum vulgare chromosomes, 
X 1035. ~ 

Figure ~9. Acid maceration, O,0005%~ypsin. 15 minutes 
(Table VII, Expt. 2); arr~indicate satellite 
chromosomes 

." 
Figure 30. Enzyme maceration, 0.0005% trypsin, 15 minutes 

(Table VII. Exp~. 3) 

Figure 31. ERzyme maceration, 0.02% trypsin, 10 minutes 
(Table VII. Exp t, 4) 

" Figures 32 and 33. Acid maceration, 0.0005% trypsin, 
10 minutes ( ~ble VII, Expt. 1) 
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) 
the'MATERIALS AND METHODS sect~on, to facilitate pretreatment and 

staining it was necessary to f~atten and spread out the ChromfPomes' 

which sometimes caused a distortion of the chromosomes CFigu;fe 21) and 
1 

incomplete metaphase complements (Figure 34). Barley chromosomes also 

seemed to have an unsettling propensity to stickiness in these exper-

iments making identifièation of chromosome pairs even more difficult. 

The only easily distinguis~able chromoso~s in the barley karyotype 

were the two pairs of satellited chromosomes, and it was'relatively 
) 

easy to te:ll them apart: the larger one was sub~tt&entric and had the 

• , àhorter satellite, ~hile the smailer one was metacentric and had the 

longer satellite \(Figpre 35). Therefore, the different ban ding techniques 

were compared on the basis of the number of bands present on the two pairs 

of satellite chromosomes (Figures 21, 34, 36, 37, 27, 29). the technique 

which e licited 'the most bands with the highest degree of contrast 

b'etween banded and nonbanded areas with the 1east destruction of chromo-, 
some structure was determined the best. The results of this comparison 

. are presented in Table XI and suggest that the pretreatments' with 2XSSC 

(Figure 34} or trypsin (Figure 27). gave the best banding. 

The Chromosome Bands 

Severa! Qbservations on the patter~ of chromosome banding and on the 
~ 

nature of the bands themselves can be made. The bands were characterized 

in these preparations as being intense or faint. The five different 

techniques used on barley chromosomes produced at lea~ee different 

patterns (see Table XI). r 

The trypsin, trypsi'n-Giemsa, and 2XSSC techniques (Figures 27, ,29, 34-
:1< 

'-

'1 
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Figures 34 and 36. Effects of 2XSSC on banding in 
Horaeuro vulsare chromosomes (Table V J, X 1035. 

Figure 35. A diagram of the two satellite 
chromosomes of ~. vulgare taken from the U. S. Departrnent~ 
of Agric~lture, Agricultural Handbook No, 3li (1968); 
r. 1. - relative length. ,~ 

o 

Figure 37. Effects of the Bariurn-Saline-Giernsa 
technique (Sarma and Natarajan, 1973) on banding in ~. 
vulgare chromosomes (Table~II), X 1035. 

Arrow~ ~icate satellite chromosomes. 
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Table Technique 

BAND LOCALES 

Chromosome 3 
• 

TABLE XI: Bandin~ of the 
satellite chromo
somes in Hordeum 
vu1gare 

Pericentromeric Long 
arm 

NOR I Telomere 

II Sorenson's butter 
see Fig\ire 21 

III 2XSSC 
see Figure 31 

IV Trypsin .... 
see Figure 27 

V Trypsin-Giemsa _ 
see Figure 29 

VI BS(;2 
see Figure 37 

1 
INucleolar Organizing Region. 

l' 'B.rium-llYdroxide-S.lin,e-Giems. 

'. 

+ 

+ + - + + -

+ + ~ + -

+ + + - +-

- + + + + 

Chromosome 5 

Pericentromeric 

+ 

+ 

+ 

+ 

~--

'.1 

...'!:--

Long 
arm 

+ 

? 

+ 

+ 

NOR I 

+ 

+ 

+ -

+ 

• 

Telomere 

+ -

+ 

+ -

-..J 
W 

~ 

... 
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and 36) produced ma~imum ban~ing. The pericentromeric bands were 

uniformly faint. The trypsin and trypsin-Giemsa techniques e licited 

banding patterns that differed from each other only fn degree: if a band 

was faint in a tryp'sin preparation it wes even faJnter in a trypsin-Giemse 

preparation. The quality of 

difference between the 2XSSC 

the interstitiel ban~as the only ma1~J 
treated preparation anl'the two trypsi~; 

{\ ~ ~ 

treated preparations; i t was very fa~ in the forme,r and intense 'i-h· the 

latter. The ~repàrations pretreated in Sorenson's buffer (Figure 21) 

gave no banding at the NOR. the telomeres of the satellite c~romosomes or 

interstitia~ locales. However, it did produce pericentromeric bands. 

The inve'rse situa'tion was observable in the barium hydroxide treated 

preparation (Figure 37); the NOR, and the telomeres of xhe satellite 

chromosomes and interstitial areas, were banded whereas the pericentromeric 
,1 

" 

The Banded Chromosome 

\ 

\ 

The banding a barley karyotype ere determined as follows. 
. \ 

A weIl spread barley chtomosome complement was isolat~d, treated with 

trypsin-Giemsa, then mèasurements of ~ach chromosome were taken and the 

centromeric index calculated for each chromosome. Photomicrographs of one 
1 

Metaphase (Figure 29) were distributed to sèven pepple who were asked to. 

independently pair the homologous chrpmosomes. Pairing was based Gn 

similarities of size, shape, and banding patterns. There w~re three pairs 

of chromosomes ~hich five people agreed on (pairs 4, 6 and 7; Figure 38), 

and one pair wh1ch four people agreed on (pair 1; Figure 38). The peiring 

of the 1ast six chromosomes was accomplished by comparin 
;J 

the relative 

, , 
l, ~ 
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Figure 38, The bànded karyogram of Hordeum 
vulgare (n = 7) . 

Bands are numbered fl;',om the l'roximal to the v 

distal part of each armj the distance from the c.~ntromere 
to each band i8 reéorded in Table XIV. 1 --'; 

, C '- centro1l1~re, * - Nucleolar Organizing Regio~, 
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.. lengths and centromeric indices of each poss~ble karyotyp~,with the 

same values for barley publlshed in the U.S. Department of Agriculture, 

Agricultural Handbook No. 338 (1968). The final karyotype arrived at 

h~d an average ~eviation from the handbook measurements of 0.05 per 

measurement (aee Table XII). 

An idiogram (Figure 39) of thia met~phase,waa constructed, the units ,-
O~iCh were based on relative lengths of the chromosomes. The bands 

('ere localized on the idiogram by measuring the distance in millimeters 

from the centromere to the centre of the band and converting this value -
into unite of relativ~, length according to the formula in Table XIII. 

The letters "a" and "b" refer to each chromosOile in a pair and correspond 

to the "ail and lib" in Figure 38. The intense bands. except for one paii' 1 

-were consistent between two homologues; a band might be intense in one 
1 

1 

chromosome and faint in the other but it would always be present in both 

if it was intense in one. 

"Ring" Chromosomes 
i 

.,1 • 

A pair of chromosomes forrn,ing two rings was pr-esent in three of the 

less contracted metaphase spreads (Figures 40,41, and 42). The rings 

did not appear ~n preparations in which the chromosomes were more highly 

condensed (Figure 27). There were suggestions of a ring in a prophase 
r 

squash (Figure 24) where two chromosomes were bent over 'onto themselvea, 

one At 1200 hours, the other at 0700 hours. HQwever, thére did not seem 

to'be any actual attacQments between the two arma of either chromosome, 

while there waa some sort of fusion in ~ other rin~s. The rings were 

seen only in trypsin treated preparations which suggests that the trypsin ,. . 

was responsible for their formation. 

. 
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Chromosome number: 1 2 

A~ B2 A 

R:eia ti ve leng th: 1.00 1.00 0.96 

Short a~/long arm: 0.75 0.79 0.86 

L . 

~-

v~ 

TABLE XII: Statistics on the 
Hordeum vulgare, 

,chromosome com
plement 

3 4 

B A B A B 

0.92 0.92 0.90 0.89 0.87 

'0.86 0.60 0.11 0.92 0.99 

" 

~ 

5 1. 6 
-.... --.., 

"t 
"" A 'B A B 

0.88 0.86 0.87 0.84 

0.94 0.95 0.77 0.95 

~----~ -- ---'--------- < 
l"A" measurements were taken from,U.S. Department of Agriculture. AgIiilcultural Handbook No. 338 (1968). 

2"B" measut"ements were t~ken from t~e barley karyogram in Figure 38.' 
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TABLE·XIII: Band location 
\ -. --- on Hordeum vul~are 

1 
chromosomes 

1 

i l- aI b l 

t 
Chromosome Region Band 

no. Xl X2 ~ 2 -1 
Xl Xï c.l. r.1 -Zx r .1,.2 Xl X2 c.1. ~r .1 2 X rolo 1 

! ë:'"l ë:T:-

l long arm l 3.00 
-/ 

'2.75 22.50 • l. 00 0.13 2.00 22.75 1.00 Q.n9 
2" 5.00 4.75 22.50 1.00 0.22 5.25 22.75 1:00 0.23 -

3 8.00 '8.25 22.50 1.00 0.36 7.25 ; 7.00 22.75 1.00 0.31 
4 22.50 1.00 9.25 9.75 22.75 LOO 0.42 

~ short arm 1 2.50 2.75 22.50 1.00 0.12 2.00 22.75 1.00 0.09 
2 4.25 4.50 22.50 1.00 0.19 3.50 3.50 22.75 1.00 0.15 
3 6.00 6.75 22.50 l.00 0.28 5.7 S, 7.25 22.75 1.00 0.29 

centromere 2.00 2.50 22.50 1.00' 0.09 2.00 22.75 1.00 0.09 

2 long am 5.00 3.00 
1 

0.92 0.18 3.50 3.50 21.25 0.92 0.15 ) 1 20.50 
2 8.50 6.75 20.50 0.92 0434 6.00 5.75 21.25 0.92 0.25 

short arm 1 2.50 20.50 0.92 0.13 4.00 21.25 0.9.2 0.17 
-centromere 3.50 3.25 20.50 0.92 0.17 2.50 3.00 21. 25, 0.92 0.12 

,. 3 long arm 1 3.00. 3.00 21.75 0"90 0.12 3.00 2.25 18.75 0.90 0.13 
short arm 1 4.50 3.75 21 .• 75 0.90 0.17 3.75 3.00' ..... ,18.75 0.90 0.16 

NOR 3 
6.25 21. 75 0.90 0.22 4.75 ' 18.75" 0.90 0.23 

• centromere S. 2.00 21. 75 0.90 0.08 1.50 18.75 0.90 0.07 
L. 2.25 21.75- 0.90 0.09 1. 50 18.75 0.90 0.07 

4 . . 
long am 1 2.25 19.00 0.8'7 0.10 3.75 2.75 20.25 0.87 0.14 

2 4.75 19.00 0.87 0.22 4.50 5.00 20.25 0.87 0.20 ...... 
'-'=' 

3 6.75 7.00 19.00 0.87·0.32 8.00 8.75 26.25 0.87 0.35 .. 
short arm 1 ., 3.00 2.75 19.00· 0.87 0.13 . 2.25 2.75 20.2' (J.87 0.11 

2 5.00 5.00 19.00 0.87 0.23 4.75 3.75 20.25 0,87 0.18 TABLE XI'II 

. • " ,- !,enrrQmere ~ 3,00 ~9.00 0,87 0.13 2.50 20.25 0.87 o.n continued 
,.,. .. ~«(Pt '0' 67t~'i«JA"fI.'- , __ ro.~ .. - /' 
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TABLE XlII continued 

5 ~ ~ 

6 

',.>, 7 

l~ arm 

short anu 

NOR 3 

centrOm.ere 

l'orra arm 

ahort arm 

centromere 
~ 

long arm 

ahort arm 

centromere 

la and b represent the two chromosomes in a ~omologouB pair and correspond to a and<b in Figure 38. 

LXI = 1 

distance from eentromere;f.n mm, chromatid 1. 

XL = distance from centromere in mm, chroma~id 2. 

c.l. = length of chromosome in'mm. 
, 

r.l. = relative l~ngth = c.l./c.l. ef the longest chromosome. 

(Xl+XZ) 
~ X r.l. = Idiogram value in terma of relative length. 
~ 
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Figure 39. A banded idiogram for Hordeum • - . 
vulgare chromosomes. 

Location of the bands was determined independently 
for each chromosome, "a" and "b~" in a pair; see Table 
XIV and Figure 38. 

* - Nucleolar Organizing Region. 
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The formation: of rings WAS. not an arbitrary phenomenon. As the , . 
following evidence' éugges ts. the rings were formed from the same chromo-

some pair in aIl three preparations. In the complements which had two 

,obvioua rin&s (Figures 40 and 42), both rings were identical in length. 

The five rings observed from the three different preparations were 

practically the same 1ength, messuring from 14.0 ~ 14.5 mm •. As weIl, 

they shared a similar banding pattern - two dark bands in the long arm, . ~ 

one large or two smaller bands in the shorter arm, and a centromere which 

stained less inte~sely than the interstitial, bands. Measurements taken 

from Figure 41 suggest that the rings were formed from the chromosomes 

of pair six; the long satellite chromosome was 19.5 mm, the short satel-

lite chromosome was lS mm, the ring chromosome was 14.5 mm, and the 

shortest chromos~me wes II mm. The bending pattern al\o corresponded 

~losest to that represented in the idiogram (Figure 39) for chromosome six • 
. ' 

Pair Seven· 

y The lut pair was het~romorphic.; "a" liad no band on .the short arm 
\., 

but had two intense bands on thé long arm, while' "b" had an intense band 

op the short arm and only one intense band on the long' arm (FigQres 38 and 

39), 

. 
Order Within The Interphase Nucleus 

Ph<?tomicr,ographs of prophase nQclei (Figures 43 and 44) snow:ed a" 
. 

distinct po1arization of the ch~omo8omes; centromeres were a1l adjacent to 
, ' 

each other at one pole and the te10meres extended towards' the opposi te, 
. . . 

pole. Arma from the 8ame chromosome we~e cl~e t~ each other (Figure 43). 

In Figure 45 tWQ telophaee .. nuclei and a prophase nucleus share the same 

\ 
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.;Figures 40, to 42. The "ring" chromosomes in 
trypsin-treated Hordé~ vulgare prometaphasè chromosomes 
(Table IV, Ex~t. 3), X la~5. 

Arrows point to "ring" chromosomes. 
Numbers identify the two satellite chromosomes 

(3 and 5) and the smallést chromosomes (7)'; see Figures 
J8 and 39. 
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Figures 43 to 46.. No?,random chrome/somal ~rrangèments 
in Hordeum vulsare, X 815. 

\ -• 
Figure 43. L&te.prophase 

~xpt. 1) 
ehrom090mes, polar view (Table II, 

, ~ / -
Figure'44. Early prophase 

Expt.l) , 
chromosomes, side.view (T~ble VI, 

~ 
Figure 45. Late prophase ~nd anaphase cells showing 

chfOMosoma1 polar~zation. Feuigen ~tained 

,Figure 46, Metà~hase chrolDosQlDes (Table Y', Éxp t·. 4)" 

Arrows incU,cate inUrchromosolDAl connec Uves. 
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polari~ation of ch+omosomes and arrangeméni: of chromosome arme. /rhis 
, • Q 

- / " 
condistency ia mo!!~,~J..y---expla1ned b'y assuming that the chromosomes 

remained polariz~d throughout inter~h8se, 

. \ -,---

A'l(90ugh thecsame prefixatiun treatmerits -and fixatives were used on 
, . . 

~ -fab~, ~ pedunculatus, and tiordeum,vulgare! only. the metaphase 

" 

. / 
( 

~" , , 

1 
1 • 

f. 
;-

1 

chromosomes of· the lat.er wer,e noticeably' sticky.. , 
,\:) 

In two 'c~~p1ements of 

barley chrFoaomes a di~nct connection was obse~ved between the '1 
/ 

t.lomeré of o~e 511romBtid ~nd ~n 1ntér.tit1Bl ~reB1on of B Ch~oma~1d frJ

another chrom'osome (Figure 43, 0900 hours. and Figure 4~, 1000 hours). / 
j.. 

Connectives were dso seen between the prophase chrom~somes 

~ peduncùlatus (Figure' 18)' althoug~ no metapha~e attachments 

observed and the condensed chromosomes were not sticky. Most of 

attachments were end-tc-end. 
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DISCUSSION 

'" 
Mac'eration 

... 

Compa~is'ons betweeri acid':'macerated and eniyme-maceraped. Giemsa-

banded ~~ and Hordeufu vulgare (barley) chromosome preparations 

substantiate Schwiezer's (1973) contentlbn thàt an acid pretreatment 
~ . 

facilitates chromosome banding in some plant species (see Figures 2-5). 

A hot HCI macer~tion ~i11 render~the pericentromeric heterO€hromatin 

unbanded 1n b,th rye (Sarma and Natarajan, 1973) and l. ~ chromosomes 

(DHbel ~ al., 1973) whi1e in~. faba a rigorous acid pretreatment 

preferent1a~ly induc~9 the Nuclear Organizing Region (NOR) to band 

(Matsui. 1974). C1ear1y an acid-sensitive chromosoma1 èonstituent i8" 

p1aying a very important ro1e ln t~e G1emsa-banding of plant species. 

If Hordeum vulsare chromosomes are'macerated in acid the con-

centration of trypsin needed to induce bands Is much lower (compare 

Figures 29, 30 and 31), The acid maceration must therefore be affectlng 

chromosomal proteinq, by hydro1yzing them and/or by removing some of the 

aci-d-so1uble protelns, e. Bi the. histones. 

Pretreatments 

De,spite th~ équ1valency of trypsin concentrations and exposure times 

in Experimenta 1 and 3, Table VI, there i8 a rather large, difference in 
7 

the quallty ~f bandlng between the barley chromosomes in these experimen~8 

(see Figures 26 and 27); This difference,ia most probably due to t~e 

preaence of. the cheîating agent, et~ylenediamine tetraacetic acid (EDTA), 

in the high saline solution of trypsin in Expt. 1, although the small 

differencea in pH and compos~tion of the Itaining solution m1ght play a 

, i 
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m1por rol~. The decondensat1on ~f the DNP fibre caused by the removal 
• , 

of divalent cations (Ris) 1975; Huberman and Attar,?i, 1966; Olins and 

Olins, 1972) must be preferentially occurring in the nonband regions 

i+ i+ . 
sinee Ca and Ma, ' free saline induces G1~msa bands (Dev !! al.. 1972). 

This Ca++- and Mg++-free-saline-induced'decondensation woul~ make the 

t , 
chromosomal proteins ln the,1nterband regions more vulnerable to tryptic 

digestion., decondens1ng the fibre even furt~er, and thereby explainin~ 

the exagserated _:I,.nt~rband loss of sta1nability observed in the chromosome 

p~~para~ions from Expt. l, Table VI (see Figure 26). 

: 

Condensation 

AsO has been previously explained,. the mechanism of staining dep~nds 

on the COkrect spatial rela-tionship between bound methylene blue 
\ 

molecules along the D'NA helix (Sumne:;- and Evans, 1973). The degree of 

coiling of, the' DNP 'fibre will influence th1s paraJlleter. lt was postulated 

1n the LITERATURE REVlEW that a higher degree of coiling protects the 

associated proteins from_d1sruption by band 1nducing agents thereby 

preserv1ng the condensation-~nd hence the stainability of the chromat1n. ---..---- ~/ 

Th1s_~B-~11û8t;a~ed in Figures 6-8 where the effect of trY~in on three 

different stages of mitotic condensation is seen. The more condensed 

the barley chromosomes :are st the time of trypsin pretreatment, the more 

their stainability and structural detail are preserved. This implies 

that the condensed state protects the ~hromoaoœal.prote1nB fTom trypsin 

-digestion. ~~ 
Proteolyèis removes 

----..--~ 
e FI histone f~tion first (Ockey, 1973); it 

-~ 

~ 

hougll-~ be .!.nvol'!'ed in mitotic condensation. 
,,~~ . l 

ls this 

ke, 1973b; .~t~e .!!. al.. 1972). Perhaps lt i8 

-l 
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this fraction that ie both responsib1e for the ~itotic condensation' 

and re1atively prot'ected by it once the chromosomes have fully con-

densed. 

" 

, ' ~ 

T1ie constitutive heterochromatin in the band~ maintains its stain
\ 

ability throughout the condensation process ind~cating that it ia 
. 

qualitatively different from the èuchr~matin (Figures ~-8). Theae areaa 

~ . " 
are somehow resistant to trypsinization,either because they are more 

hi,ghly éontr8cted to begin with or because their proteine are 

re1atively resiat:ant to trypsinization. Trypsinization' of rapoit liver 

L 

chrOl:natin digests aIl but a smaii frac,tion of nonhistone chromosoma1 

prot,ein comprising about 2.5% filf the tot,a1 native c'hromosomal protein 

(Simpson, 1972). Uniese barley chromatin contains this fraction in 

large enough quantities to cover aIl its constitutive heterochromatint~ 

tihe former explanation seems the most reasanable. 
1 . 

• 1 Th.iS differential condensation of heterochromatin at p~oPhase is 

~een a1so in at leaet one of the ~ pedunculatus chromosomes 
,~I 

1 

1 (Figure 18a) where the 'pericentromeric and telomeric heterochromatin 
~ 

~lready weIl condensed while the euchr~tin is still'uncondensed. 

Heterochromatin' 

Lotus pedunculatus ~ 

Although Dobel .!!.!!.. 's (1973) pre~reatment (Tab1e~', Exp • did 

e 

not elicit bands in ~ pedunculatu8 chromosomes at metaphase (Fi,u~e 

"16), regions which sbin more intensel~ with Giemsa were clearly visible 

in at least one of the prophase'cbromosomes pretr~ated in the same w~y 
. 

(Fi~ure 18a). The location of the bands in prophase chromosome 3 

• • 
fi 

... 

, , 
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.l, 

• .,' , 
(Figure 1880) i"8 identical to the location of the Giemsa-bands in .,' 

1 

metaphase chrom080me 3 (Figure 17) successfully pretreated wit~ 
\ 

Schweizer's (1973) technique' (Table X,. ExpJ:. 1). ,ln a11' of' the banded , ~ 

chromosomes there are distinct pericentromeric bands· and less distinct 

; ~ telomeric bands. Alsl!; 'one of the larger sa"tell,ite chromosolnes in an 

unst~ined, unpretreated 1.,peduncu!atus cell has a block o( heterochrom-
\ 
1 

atin in the proximal r~gion of its short arm (Figure 19) which is 
"1 ~1 l 

Giemsa-banded in the p'reparation treated açcording tô Schweizer (1973) 
, 

(Figure, 17). The corlgruity of what i9 possibly a· natura11y occurring 
~ . ' 

hetero~hrOl,Uatic, ·éo~den8ation visualized in prophase and in an 'Unsta,ined, 

unpretreated metaphase chromosome with the Gi~msa bands in ~etapha8e 
.f,. 

ch~osomes adde verification to the gener~lly held belief t~t the 

bands ref1ect'areas ~f heterochromatin. and, that hetero~hromàtic conden-

sation is qu~litative1y different from mitotic condensation. Merritt 

and Burns (1974) .press'ed home this idea in their st.dy on bands in, 

Nico'tiana otophora where they were able to see band13 in unfixed, unpre-. ' 

treate4, unetained prophase cqromosomes. Their ~onteçtion was that the 

prefixation exposur~ to the super-contracting action of C-mitot1~ agents 

and o postfixation pr$treatments emphasized natura1ly occurring differ~nces 
~ - \ .. \ 

in the condensation of euchromatin and heterochrome,tin ' in prophabl? " 
,/ 

chromos'Ollles. 

lt is perhaps signi~icânt that the banded metaphase c~romoso~es . 
," ~ 

(E'xpt. l, Table Xi Figure#13) were more conç:racted than those \pretreated 1 
\ 
\ 

according to the other three' techniques (Expts. 2-4. Table Xi Figurea 14~ 

16). The extra contract~on in the chromosom~s.which were by chance 
) 

treated w1th Schweizer',8 (1973) tec~1D1que might have been a determining 

factor in whether or not bands were 1nduced in L. pedunculatus metaphase 
.-,.: -

\ .\ 

.' 

.. , 
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chromosomes. If thls 18 the case, the other three procedures cannot be 

;total1y ruled out ss potentially successful band lnducers. 

As ~as been noted ibe RE~ULTS" the two ~smallest ch~somes in 

the L. peduncuiatus genome seain intense1y along thei~ire lengths at 

'c-metaph&se (Figure 17) and are prematurely fu11y condensed \t prophase 
~ 

(Figure 18a and b). This behavi9r intimates that thase two chromosomes 

are heterochromatic. A,practical ap~cation of this finding would be in 
( 

the easy identification of the four""' smallest chromosomes in the!:.. ped-

unculatus karyotype. Their closeness in size and morphology has made l 

resol~ion of the extra smaii chromosome in certain~. gedunculatus trisom-
. , 

ies (Chen an~Grant, 1968} difftcult (Figures l'and 20). By facili~ating 

the identification of these chromosomes and by providing new morphological 

• l ' 
features tne Giemssrband1ng techniq~8 could further cytogenetic studies 

in the genu' ~ as they have dO~ in Anemo~. (Marka and Schwei,er, 1974), 

Scilla sib1rica (Vosa, 197'a) Tulipe (Filion, 1974) and Triticale (Darvey 

and Gustafson, 1975; Sarma and Natarajan, 1973). 

Hordeum vulgare, 

Iwo types of constitutive heterochromatin were resolvable in barley 

-
wi th the band-inducing techniques used ~n this s tudy. The Urst tYP,e was 

found i~ the pericentromeric regions and the second' type was found ~ the 
, 

inte'rstitial and satellite regions (see Table XlV). While trypsin ' 
1 

(Figure 27), trypsin-Giemsa (Figure 29), and 2XSSC (Figure 34) stsined 

both types, the satellite and interstial bands weze" lighter' than the peri-

centromeric bands. Pretreatment with Sorenson's buffer (Figare 21) 

resolved only tpe pericentromeric het~rochromatin of the satellite chrom-' 

~ osome, and barium hydroxide (Figure 37) brought out only the interstitial 
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TABLE XIV: Giemsa-staintng . 
prope~ties of h~te~ochromatin 
in Hordeum vulgare 

Technique 

L Trypsin 
Trypsin-Giemsa 
2XSSC 

. 2. Sorenson's 
buffer 

3. Bariumpydroxi~e 
'" 

satellite chromosomes 

Pericentromeric 

~ 

~ 
intense 

intense 

\ 
\ 

Interst1tial 

faint 

intense 
i-

Satellite 

faint 

intense 
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-. 
land satellite region~ (TapIe XI). 

F~om my interpretation of the literature, the banding behavior of 

pericentromeric heterochromatin appears to"be different from the rest 

of the heterochromatin in Seca1e cereale (Gill and Kimber, 1974; Sarma , 
and Natarajan, 1973), Vicia faba (Dobel et al., 1973; Takehisa and 

, ------ --
Utsumi, 

1974) . 
\ 

1973a), and Alli~ cepa and Ornithoga1um 

This atudy demonstrat~hat the same i8 

virens (Stack et al., 

true for the peri-

centromeric heterochromatin of Hordeum vulgare (see Table X~V). 

The macerations and pretreatments which combined to either produce 

\ or prevent pericentromeric banding are listed in Table XV. Aithough the 

information comes from work done on four different species, aIl of the 

.species tabulated are Monocots: ,Hordeum vulgare 

both from the Graminae while Allium cepa and._O~ _____________ _ 
if -

'from the Liliaceae. The peric~ntromeric heter 

~pecies sharlS~ consistent respànse to the ~cerations and 

app1ied (com~re lines 3, 4, and 9, and Linas 7 and 8, T 
,. 

The~efore, it Beems safe to make the fol~owing genera zations about 

perieentromeric heteroehromatin at least in Monée s: 

, 

" 

1. A strong, or hot, acid maceration does nQt ,prevent pericentromeric • 

.\ 

banding if it ls follow~ by a pretreatme st a neutral pH "(lines 5-8. 

Table XV), 

2. Perleentrom~rlc heterochromstin is se,ns1tive to barium hydroxide 

(possibly to any alkaline pretreatment?) after a hot, or stro~g, aeld 

maceration (line 1-4, Table XV).' Although the BariUlll hydroxide-Sal1ne

Giemsa (BSG) technique ~nvo1veB incubation in 2XSSC as weIl as in barlum 
) 

hydr~xide. incubat n ln 2XSSC alone sfter a strons aeid maceration does 
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Source 
-. 

1. Gill and Kimber, 1974 

2. Radlaczky and Koczka, 
,~ 1974 

, 
3. Sarma and Natarajan, 

1974 

4. This study. 
Table,VIII; -FiS.37 

5. This stuCly. 
Table V; Fig.34 , 

6. ~is study, Table VI, 
Expt. 3; Fig.27· 

7. This stUdy, Table IV~ 
~p~. ,'2; Fig.2l_ 

/,/ "1 
.... ./'8. 

,/-
Stack et.!b.-. 1974 . 

/,~ '/' ), 
./ Stack and Clarke, 

!~, 1,973~ C> 

'~ 

( • 

. TABLE XV:-nependency of pericentromeric
banding on pretreatments and 
mac erat ions 

Material MaceratioIi Pretreatment 

Secale cereale mild acidl a) BaOH 
enzyme b) 2XSSC 

S. cereale enzyme a) BaOH 
b) 2XSSC 

~ 1. cereale hot acid a) BaOH 
/ b} 2XSSC 

Hordeum strong acidl a) BaOH 
vulgare enzyme b) 2XSSC 

H. vulgare hot acid{ a) 2XSSC 
enzYDJ.e 

" 
~ 

~ 
"-
~ 
'~ 

~ 
~ 

pH pericentromeric 
bands 

alkaline 
neutral + 

alkaline 
neutral :r 

alkaline 
neutral 

alkal1ne 
neutral l-
neutral + 

R. vulgare ' s~rong acid/ a) 0.25% trypsin neutra! - + 
enzyme 

.!t. vulgare hot acidl aJ Sorenson's neutra! + 
enzyme \. hhosphate 

uffer 
Allium ceps, acid a) Phosp-hate neutral + 
Ornithogalum _ buffer 
virens 

A. c.epa acid a) BaOR alkaline . 
b) 2XSSC neutra! . 

'" 

• 
" 

'e 

oth.er 
ban 

+ 

+ 

± 

+ 

+ 
t. 

+ 

+ 

+ 

~ , 

"" .\ '" 

l 

10 
0\ 
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e/banding of pericentromeric heterochromatin (lineà ~4 and 5, 
,,/ 

",,/ , 
./J, ,Pericentromeric heteroch~omatin i8 preferentia11y stained after 

J 

" 

pret,reatment in phosphate buffer at a neutral Pl! (Hnes 7 and 8. '\le XV).

Vicia faba 
" --------

Ther.e are at 1east three 'categories of chromatin w1thin the V. faba 

genome: chromatin stainable ooly by Dobe1 et a1.'s (1973) technique 
'" --

(e.g., the Nucleolar Organizing Reg ibn) , hetercchromatin 8tainab1~ only 

~ by the tryp8in-Gie~sa techniques (e.g., the pericentromeric regions on 

.. 

D 

the long arms of the' M and S chromosomes) and heterochromatin different-

tated by both techniques, (e.g., most of the interst1t1al bands). See 

Figure 12. 

Perlcentromeric Heterochromatin • 

l 
The perlcentromeric regions on the long arms of the Sand M chrom-

osomes show enhanced fluorescence with quinacrinè (Caspersson ~!!., 

1969) and do net bind !H-actinomycin D (3H- AMD ) as readily as do the rest, ,. 
of the chromosomal regions (Cionin!, 1973): .Enhanced quinacrine f,luor-' 

escence in sbme instances' reflects regiQns of'AT-richness (Selander and 
6 

de la Chapelle, 1973). This wo~ld appesr to be,the case in the pericentro-

merie regions of ~~tfl~bs :hrom~80mes sinee 3H- AMD • which bl~ds ~djaCent 

to GC base pairs (MÜller ,and Crothers, .1968~ind8 le8s~frequently to ~ 
these regions of enhanced quinacrine :iuorescence. 

As well 8S being hot HCI sensitivr (see Table II), the pe,r!centromeric 

bands appear to ,be~ tryps1n sensitive sinee those chromosom~s tr~ated with . """' 
\ 

the higher trypsin concentration lacked distinctive pericentromer1c bands 
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fraction 1a the first fraction affected by ttypsinization (Ockey, 1973) 

and 1a believed to bind preferentially, if not exclusively, to AT-r1ch 

DNA (Combard an~ V,indrelYt 19~O). Circumstantially then, there are , 

. indications that tne FI histone fraction might be· specifically responsible . y < 

for the condensation of pericentromeric heterochromatin in y. ~. 

The Nucieola~ OTga~izing Region (NOR) 

The NOR 1s an en1gmatic region. Although differ~ntially condensed 

and conta1nlng highly repetitious DNA, it is not made up.of constitutive 

heterochromatin since tts DNA 1a act1vely trànscr1bing rRNA (Ritossa 

4nd.Spiegelman, 1965). Howevet, since it does share with heterochromatin 

the proparty of unique condensation (Matsui. 1974) its stain1ng behav10r 

sets it, apart f,rom the rast of the euchromatin and may provide 1nsights 

into the prefer~ntia~ baç~i~ Of, heterochromatin. ( 

~The NOR do es not show enhanced fluorescence with quinacrine (Caspersson 
. ." 

!! al., 1969). wtthout an ac1dïc maceration it stains negative1y (Figures 

10 and Il; Takehiaa a~d Utsum1, 1973a), The'NOR actual1y needs a strong 

.acid treatmen~ to be differentiated poaitively, has ~ specific' acidic 

p'rotein asaociated with i.t, and castracte more extremely in response' to 

C-mitotic agents' than does any other chromosomel ~egion (Matsui, 1974). 

Since the contractility of chromatin lS due to proteine and RNA (Hoskins, 

1968), the 8p.~ific acidic proFein f~a:t1on and ;he high concentration 

of rRNA associat~d with the NOR are probably responsible for the NO~'s 

unique contractility. 

. 
1 
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The NOR of one M chromosome b1nds 3a_AMD rapidly,while the NOR of 

the other M chromoaome doesn't bind it at aIL (Cionini. 1973)r Possibly 

the NO~ 3H- AMD binding pattern 1s reflecting a region of chro~atin with 
'/ 

, ,~ 

a very high Ge content which, in one of the NORs, 1s so tightl:y\ con-
o . 

tracted or whose binding sites are so covered by prote1n that . the 3H-AMD 

cannot bind. Since~. ~'s NORs behaved consistentLy in response to. 

the Giemsa-banding pret~eaiments used in this study and Dobel et al.'s 

(1973) study (see Figure 'ïZ), the latter possibility seems the likeliest 

as a difference ln condensation should be picked up by these techniques. 
" 

. The size and number of nucleoli can ~ary within the c~lls of a single 
. , 

organism and seem to'be dependent on the metabolic requirements of the 

cell (DuPraw, 1970). Thftrefore, the differential 3H-AMD uptake 'shown by 

y. ~'s NORs might be reflectin~he differential activity of these two 

liegious. If this were the case, the inactive NOR would be a candidate .. 
for plan~ facultative heterochromatin. A testable prediction of this 

hypothesi~ ia that the nucleoli in some !. ~ cells should be aesociated 

with only one NOR • 

. The Interstitial Bands 

The interstit1al heterochromat1n.showed considerabl~ heterogeneity 
• 

when stsined with trypsin-Giemea and after treat~ent by the procedure of 

Dobe! et al. (19'73) (see Figure -12) '. BaBed o~ th,eir .reactions to these --
techniques, four catego~iéê of interstitial heter9chromat1n were resolved 
;... ; . 

wnich stained less int'ensely than the surrounding chromatin in response to 

at lesst sme t.echnique (see RESULT~). The variability seen in these 

"negative bands" 18. perhaps', due t~ the chemic~"TIillloJ:ero8eneity seen in 

in ViciJl faba --}he 8enSi~iv1ty of differe-nt heterochromati 
r 

.' 
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chromosomes to specifie mutagens (Rieger. 197-3) • 

The lack of dye,uptake in the negat1ve bands could be due to 

extremely t1ght condensation pteventing ,the blnding of methylene bIue' 

dye molecu1es or an extreme decondensation preventing the eosin Y linkage 
~ 

st~p (see LITERATURE REVIEW). The former seems to be the better exp lan-

stion aince. in the S3 chromosome of !.,~. the most distal band' ls 
, • 1 • 

positive afteF the Dobel !!~. (1973) technique, positive or'negative 

after treatment prith 0.005% trypsin-Giemsa ('~Interchangeable") and 

negative sfter trestment with 0.0005% trypsin-Giemsa ("Substitution") 

(Figure 12,b. c, and a, respectively). Clearly. the milder the treatment 
~ 

the more probable thst overly condensed chroma tin will ~ain condensed 

and thus be unstainable. Those qands that are occaslonally negative, 

such às the "Interchangeables" and the "Substitutions", could be assumed 

- ta be'more tightl1 condensed tnan those heterochromatic regions which 

stàin Rosit~v~ly aIl of the time. 

'Oné of the two "Unique" negat!ve bands in the M chr~osotne of -V •. ~ 

corresponds' to' a GC-rlch, cold t'eactive band (Cil:minl, '197'3). S:lnce ..the 

NORa in both trypsin-Giemsa treated M" chromosome pairs are a1s0 negative 

stsining, and 'probably GC-rich, it ls possible that the GC-richness confers 

a high~r desre~ of e~ndensation due either'its lower.heilcal pitch (Bram, 

1971) or to' the afJ,soclat1on of a particular prote1n, such as the, ar,lnine'-
-. 

rich histone (Clark and Fe1senfeld, 1972) or a specifie ac1dic protein 

, '(Matsui, -1974). 

Some of the negative band~ occur immediately adjacent té_~ositive 
\ ' 

bands ("Adjacents", Figure 12). Thil iaremlniscent of Vosats (1973d) , 

finding th~t many of the quinaér1ne enhanced bands in Allium" f1avum had 

, . 

i 
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neighboring bands showing reduced fluorescence. If some of the Giemsa 

negative bands are indicative' of a higher Ge content as "the red~ced 

f1~orescence bands are thought to be (Sela~der and de la Chapelle. 1973)~ 

then the same phenomenon may be occurr1ng in both !.,flavum and V. !!2!. 

The significance of this ~s d1fficult to assess • 

. ' 
Order Within the Interphase Nucleus 

Hordeum vùlsare 

Kumar and Nataraj~n (1966) proposed s'model for the ~rrangement of 

chromosome strands in ba~ley interphase nuc1ei: the chromosome sttands 
,. 

are highly polarized; the arms radiate from the poles at a small angle, 
J 

and the strands are located in definite. recurrent sites. An examination 

of Figures 43-45 give visua! verification to this model. Th~ chromosomes 

are obviously po1arized with the centromeres at on~pole and the telomeres, 

~at an9ther. The simplest explanation of the chromosomes' polarization at 

Doth anaphase and prophase (Figure ~5) ls that this polarization ls main-

tained throughout interphase. 

Nonrandom ar~emëntsOof the chromosomes'at 
" ~ , 

observed in other p ant spe~les. The chromosomes 

interpnase have bean 

of Crepis capillari8 

and Aegilops sguarrosa (Ritani. 1963). and Ornithosalum ~iren8 (Ashley and 

Wagenaar. 1974) are polarize4. while wheat cqromo8o~es occupy defined non-

random1positions within the interphase nucleus (Feldman and AVivi, 1913b). , . 

The chromosomes of C. capillaris (Wagertaar. 1969) and Q. virens 
, 

(Ashley and Wagenaar. 1974) show 1nterGhromosomal connectives between their 

telomeres and display telomèric heterochromatin (Schweizer t .1972; Stack !E.' . . 

.!! .• 1974, reapective1y),. A~tf10~h no. consistent te10meric atta~~ents have 

" 

, 
y'.",rr. . 'r- '. .w,.g·4t L 4t'.t.t;'gf.~7: 
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. a1s yét been found in barley. this species does pos'se$s te10meric hetero
\ 

chroma'tin (Figures 38. ,39 and 4'4). 

HeDeen and Nichols (197~) s~gested in their study of Muntjac chrom-

osomes that the nonrandom organlzatlon of the nucleus might depend on the 

association of specifie heterocnromatic regions. The heterochromat~c 

te10meres of Allium cepa do in.fac~ fuse during tnterphaŒ (Stack and Clarke, . . 
1973a) and there ls some evidence that the telomeres in the chromosomes of 

.-
several other plant species not only fuse to each other during interp~ 

-but attach as weIl to the nuclear membrane (Sved, 1966). Association of 

t:lom~iC heterochromatlns might be a factor in the organizat~on of the 

barley nucleus. 
• 

The nonrandom organi,zation of interphase chromosomes i~ wheat depends 

on tubulln, the m1crotubular protein which is att~~hed to the centromere. 

During metaphase the micrQtubules connect the centromeres to th'e spindle 

fibres; du;ing interphase t~ey connect the centromeres to the nuclear 

. membrane (Avivi and Feldman, 1973). Wheat has no telomeric heterochromatin. 

but does have some pericentromeric 'heterochromatin '(Sa'rma and Natarajan t 

1973) which mlght function in strengthening the centromeric reg ion. 

lJarley conta1ns both telomeric an~ntromer1c heterochromat-ln (Figures 

38, 39 snd 44). The maintenance of polarizat1~n of barley chromosome~ . 

" 
throughout l~terphase could be due ta bath the,attachments of its telomeric 

heterochromatin to' the'nuclear ~embrane at one pole and the binding of the 

centromeres by mesns of the micro tubules to the nuclear membrane at ~ 

~ 
~ 

opposite pole. 

The ring chromosomes 1n barley formed from~ome six sppear only 

in trYP81n-treate~ pr~me~~pha.~ cella~~~~ 40-42). Trypsin radical1y 
......----' , ~___ 1 

-------. ~ 
~ 

'~_ " • k~:' • .!: ' ... 

-------~ 
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dlsrupts the chromatin fibre (Simpson, 1972), fusing the chf~atids 

(Wang et al., 1972), and over èxposure reBults in a 10s8 of stainability 
, --

(Burkho1der, 1974). If chromatids tend ta fuse. then chromosome arms or 

ends 1yin8 sufficiently close to each other would fuse as weIl after pre
u 

treatment with trypsin. lt' seems likely then that the rings"were formed 

wh en 'the ends of a chromosome 1ay very close to each other in the spread; 

treatment with trypsin fused the ends creating a ring. Since only the 
t ' ______ -, - .~ 
felomeres fused they must have been cldBer tQ ~th~an were the ~ ~' 

arme, and/or contain heteroç~~re of a propensity to ~-~ 
wi~~itself aiter trypâini:ation than ~he rest of the chromatiP.~~th ' 

. ~/ A 

possibilities imp1y that the telomeres of chromosom~~~/a~e closely assoc- . __ /~ 

iated and possibly fused during interphsse; /" :~ 
~,..~ The shortest chromosome pair in/carley is heteromorph~r its 

/' 

and Band pattern (Figure 39). The distance between the 

short arm of "b" and "Band 2 in the The 

simplsst explanation ia that between the arms ,of 

a single chromosome s breakà, has occ~rred. resulting 

in the the second, band j4 the long arm tO,the short arm 

This indirectly ver~f~es;Kumar,an~ Natarajan:s (1966) model 

of the barley chromosome arms. If the two arma 

of' a chromosome seven were consistently 1yinS next to .each other. as the 

~el.~tedicts, the likelihood of four breakage events in these two arms 

giving rise to the observed ~hro~osomal rearrangement i8 greater than ft 

wou Id be' if. .. .!~.:A~8 'wer~ arr?,ed random1y in the interphas~nucIeu8. 
~-~-- ~ 
.-~~ 

~~interch~omosgma1 connectives were ~een ln rnany p~~parations and one 
/' . 

.J'/' 4It /' type of connective was found in two quite differen~ly treated metaphase 
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spreads (see Figures 43 and 46). These interchromosomal connectives might 

• 
be relat~d to' the observation by Fedak and Helgason (1970) that homDlogue~ 

of somatic barley metaphase chromosomes 1n ordinpry squash prepArations are 

closer to each other than expeeted if the distaace between them were depend-
~-" ~/ 

,/ 

ent sol-ely on s. This close association of, homologues in barley 

during terminates before prophase except in colc~icine treated 
/1 

(Yoshida' and :Yamaguchi. 1973) which might .explai,n the lingering 

presence of interchromosomal connectives. 'in the prophase and metaphase 

Ghromosomes of this study. 

Connectives were also seen between the telameres of prophase chrom-

osomes in ~ pedunculàtus ~Figure 18a). The telomeres are heterochromatic 
ç , 

which suggests that there may be some consistent relat10nship in plant 
• 1 

chromoso~es between h-eterochromatin and interchromosomal connections. -

o 

. !J!UtJ&LliJ,L&! JE 2&11.. >-_ AiS&UliLWJi .' a 
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• 
SUMMARY 

The Giemsa-banding techniques dlfferentlate between heterochromatin 

and euchromaUn in metaphl1se chromosomes and have many uses in the fi'eld"'-

of plant and animal cy~ogenetics" The bands On the chromosomes provide 

, • J i 

markers which facilitate karyotyping, genetic mappi~g, and tnelreso~ution 

of inter- and intraspecific chr'omosomal variation • ." The Giemsa-:banding 
/ 

techniques have also become use fuI tools in the Lnvest1Jgation of chromo-
1 

some structure and the raIe of heterochromatin./ In this study, as will 
1 

be detal1ed below, various procedures usin~ t~~ Giemsa stain ware carr1ed 

out on Hordeum vulgare L., LOF~s pedunculatus Cav. and Vicia fsba L. 

1. An analyais of the literature 1ndicates that the mechanism by whlch 
• 1 

the Giemsa stain bands the heterochromatic regions in plant and animal 

chromosomes 'depends on the preferential decondens~tlon of the desoxyribo-

nucleoprotein (DNP) fibre in the euchromatlc r~gions of the metaphase 

chromosome. The decondensatlon is caused by the disrup~ion of chromosomal 

proteins which are re14tively more vulnerable te the pretreatments in 

euchromaWc regions. This may\be caused by either a lower degree of 
\ 

coiling in these regions ,or th~\ type of p'roteins associat'ed, ~ith the. 

euchromatin. This study showed that ethylenedlamine tetraacetic acid 

faci1itat~d the induction of bands by trypsin. probahly because the 

removal of Ca++ and Mg++'ions deconden~~s the DNP fibre making the proteine 

in the euchromatin even more vulnetable to tryptic digestion. Conv~rsely, 

it was noted that the more conden~ed ~he chromosomes. the 1ess vulnerable 

the euchromatic regions were to tryptic digestion. There was an observ-

able difference between the coilini of the heterochromatic regions and the 

mitotic coiling of euchromatic resions ainee even at the most decondensed 
" 

.. 

. . 

, l " 
;' 
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stage the h~terochromatin maintained âts stainabi1ity while the euchromatic 

regions had lost both stai~aSility and chromosomal structute'. 

2. T~e histone proteins appear to be'involved in the induction of banding 

patterns in plant chromosomes'. An aC,id~c maceration gave 'higher quality 

bands in H. ~ulgare and y. iaba chromosomes alth?ugh, in some inst~ftces, 

it prevented the ban~ing of pericent~omeric heterochromatln in thes~ two 

species. That the acid maceration was influencing\ the bands through its 

effect on the protein constituent of the DNP fibre was apparent from the 
ç , 

synergistic effect of trypsin and an acidic maceration eombined; when 

a.tid WBS used, the cone,entration of trypsin needed to induee bands in 

. ll. vulgare chromosomes was 10wered 40 fold. 

3. ' ~ peduncu1atus 
, 

a. Four ~ifferebt Giemsa-banding techniques were tried ~n ~. pedunculatus 

chromosomes but the'ooly one whiéh elieit~d, bands in metaphase chromosomes 

was Schweizer's (1973) technique which entailed incubation in trisodium 

citrate (2XS~C). The chromosomes în the successfully ba~ded metaphase 

complement were more contracted than th?se'in th~ complements which showed 
:II 

no banding when pretreated bY,the other teehniques. lt is possible then, 

that 1. pedunculatus chromos?mes need to'be super-contracted before they 

will band satisfactorily. 

b. The band1ng pattern wal.homologous ,for each pair of L. p,edunculatus 
•• J... 

chrom~somes. In addition, ,11 the chromosomes nad intense pericehtromeric 

• bands and telomeric ~and8 .WhiCh'were fainte~~ the per'icen,tromeric 

bands. Chromosome '1 had a faint interstitial band in its long arm. Chromo-
; 

some 2 had a faint band in the pr~ximal region of its short arm wh1ch 

appeared as well in a chromosome 2 from an unstained. unpretreated 

1 
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preparation. the te10meric and centromeric bands in chromosome 3 
l' li 

cortesponded to areas which were more condensed in a prophase chromosome 3 
( 

than the rest of the chromosome. Chromosome 6 was probab1y heterochromatic. 

since it took up the Giemsa dye intensely over its entire 1ength and was 

fu11y condensed when the other chromosomès were not. 

4. Hordeum vulgàre (bar1ey) 

a. The resp'onse of barley' s heterochromatin to five banding techniques 

t revealed two major categories of Giemsa-positive heterochromatin: 

1.) peric~tromeric heterochromatin and 2.) interstitial, telomeric and 

peri-Nuc1eolar Organizing Region heterochromatin. The trypsin-Giemsa, 

tfypsin and 2XSSC techniques produced bands in both types. Pretreatment 

with Sorenson~s buffer only revealed the first ,qategory of heterochromatin 

thile the Barium hydroxide-Saline-Giemsa technique banded only the second. 

category. Trypsin-based Giemsa-banding techniques and incubation in 2XSSC 

appeared to gi ve the broades t range. of bands in bar1ey. 

b. A banded barley idiogram was assembled from a trypsin-Giemsa 

treated chromosome preparation. The ban~ing pattern for each chromosome 

pair was homologous except for' pair seven. Barley chromosomes had Giemsa-

positive pèricentroJIleric, telomeric and 1,nterstitiâl heterochromat.in. 

c. Unlike the rest of the Giemsa-positive heter~chromati~pericentromeric 

heterochromatin in several Monocot species, incl~ding li. vulgare, would 

not b~t}'d if an acidic maceration was followed 'by an alkal1ne pretreatment 
o 1 

or aoother" acid pretreattneot although it would band if the p,etreatment 
~ . 

.. 
were neutral. Pericentromeric heterochroœatin was preferentially 

differentiated by phosphate buffer pretreatment irregardless of the 
\ 

tion techn~que used. 

macera-
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5. The pericentromeric heterochromatin in Vicia faba was both acid 

sensitive and trypsin sensitive. This suggests that histone proteins 

were invo1ved in the maintenance of condensation in V. faba's -
pericentromeric heterochromatin. 

6. Vicia faba 
.? 

a. Vicia faba chromosomes were stained according to the trypsin-

Giemsa techniques using two d.ifferent concentrations of trypsine The 

bands in these karyotypes were co~pared with bands e1icited in V. faba 

chromosomes by Dë~e1 ~ al. (1973). The six categories of heterochromatin 

which were reso1ved depending on their response to these techniques were: 

pericentromeric heterochromatin which was positive with trypsin-Giemsa 

but undifferentiated in DObel!! al. (1973). the interstitia1 regions 

which stainèd, positive1y with both techniques 1 and four groups of inter-

stitiai heterochromatin which in some instances stained Iess intensely 

than the euchromatin and were termed "negative bands". 

b. The four negative bands in ~. ~ were categorized as follows: 

"Substitutions." interstitiai bands staining positively in Dë5be1 !!. al. 

(1973) and negative1y with the trypsin-Giemsa techniques; IIInterchangeables,": 

positive in Dobel ~!l. (1973). and negative or positive wiFh the 

trypsin-Giemsa technique; "Adjacents," negative bands which appeared' next 

to positive bands in trypsin-Giemsa treated preparations; "Uniques," 

h~terochromatic regions which were un~ifferentiated in Dobe1 .!:.E..~. (1973) 

and negative with the tryps1n-Giemaa techniques. One of the "Unique" 
1 

bands corresponded to a cold-reactive, GC-rich region. The 1ack 'of stain 

uptake ~n these heterochromatic regions mi~ht have been the resul~ of 

the DNP fibre being sa t1ght1y coi1ed that there was not enough room for 
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the dye molecules. 

c. The ~ucleolor Organizing Region of !. fsba also stained negatively 

,with the techniques used in t~is study possibly because it ls more h1ghly 
\ 

condensed than th~ rest of the ~uchromatin. lt may also have been GC-rich 
... . 

indicating that possibly GC-richness and highly condensed chromatin are 

correlated in,V. faba chromatin. 

7. Order within thè interphase nucleus. 

a. The telomeres and centromeres of barley anaphase and prophase 

chromosomes were polarized; the telomeres were aIL located ,at one pOl,e t 

the centromerea at the other. This po~arization probably persists 
( 

during·interphase. The centromeres and telomeres might have maintained 

this spatial arrangement during interphase b~ attachments to each other 

and to the nuclear membrane. Barley chromosOmes contained Giemsa-positive 
\ 

pericentromeric and telomeric heterochromatin so that telomeric and 

pericentrOllleric • heterochromatin might have played a raIe in the8~ functi 

b. Interchromosomal conneètivea were observed between bariey chrom-

osomes and, between ~ pedunéulatus prophase chromosomes. . In 1.. 

pedunculatus these connectives were 1 prim!rily te~eric; POSSib,lY tne 

telomeric heterochromatin observed with G1emSa-ba~~ng 1a involved in the . ~ ~ 
formation Qf these connectives. 

./ 

c. Barley's chromosome 6 tended to form rings 1n·trypsi~-treated \ 

prometaphase chromosomes which suggested that there might have been some 

nonrandom inte~açtion8 between ~he two telo~eres of ,this chromdsome during 

" interphase. 1) 

o / 

d. An analysis of the barl~y banded karyo~ype revealed that ,a11 but 

th~ last pair of chromos~eB were homologous for their banding pattern~. 

iJ 
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" The ,simp1est exp1anation of the' heterQtn6rphism of chromosome pair 

seYrn's banding pattern i~ that it ~nvo1ved a balanced translocation 

between the arms of a single chrdmosome •. 

1 

l 

\ 
\ 
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