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DIFFERENTIAL STAINING AND PLANT CHROMOSOMES—A PROGRESS IN CYTCGENETICS

U, C. LAYANIA
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ABSTRACT
A collective review of various banding techniques developed in the recent years and

the advances made for their improvement with special attention to plant chromosomes

is pre-.

_senred. Besides, the techniques for differential staining of sister chromatids have also been
included alangmt}:} the mechanisms involved in the varicus banding procedures. A due atten-
tion has been paid on a new banding technique 'O-Banding’ developed in this laboratory

especially suited for plant chromosomes,

HROMO30OME B-nding has revolutignized cyto-
:netics by allowing tie precise identification of indi-
vidial caromodsomes ‘and puts of chromosomes,
steuectar 2l and molecil r orgnisation of ¢iromosome,
caromosome ¢h_nges during evolution, studies in
ciromos,)me polymorphism, detection of structural
clanges in rzconstrdcted kiryotypes, ansuploid identi-
fic tion, genome anulysis in allopolyploids, dirgnosis
of chrompysome rexrrangzsments in hum-n ms[formation
syndroms and gene mypping with the help of somatic
cell hybrids, dstzction of int2rspecific translocaticns in
modse-hummn hybrids, c¢hromosome orientation and
som tic associ tion in interphase, role of hetercchro-
m .tin n paring and in relation to breeding value in
tritic le,

Among tae techniqies waich proved useful to
diff:renti .te between ei- and het:rocihrom:tin tiae
oldest known.is bised on tiae ability of heterocaro-
m .tic chromosome regions to form, in re ction with
nitric acid vopours? znd on rel tively extended pzriods
of ¢s1d trectment (cold st rvaticn)®, what is known
as “*Special Segments or H segments ™',

O-banding : A breakthrough in the development
of the tec .nigre of banding ¢romosomes came from
the pioneiing st idies of C sperssen ef al ®, tha t fllore-
scent dyes such zs Quinacrine Mustard (QM) affect
selective, discrete fluorescznt labelling in both plont
anl anin: ciromosamzs, The improved prccedure
used by Vos:d for pl.nt ¢chromosomes is as follows:

Pretrexted root tips fixed overnight are squashed
in 40°%, zcetic :¢id, The cover gl ss is removed by
dry ice or inva ting t"e slidz in absol te elcohol ¢nd
the prepirotion is air duyed. Staining is curied ot
by immersing in 0: 5%, rq-eots or alcoholic sol tion
of Q inc.inec M st 1d (QM) for 10-15 min tes to
obt .in proper stining. After rinsing, the prep rition
is mo.nted in distilled w.ter and observed under
fliorescence rsicroscepe.

Vos'4 also used et! iditm bromide in pl ce of QM
and obsorved red 'ced fl:orescence at the s me Icei
in Viciy faha where QM gives enhwinced {luorescence,
Sorma and N th1e] n® vsed a new 1 1orechome coms-
pound a Alv-Benzimid wzole  derivative— * Hoechst-

33258 "’ for rye chromosomes. Filirn er al® surpested
thict the intensity of ‘ Hoechst 33258 ¢'n be signi
ficently improved by heating the mounted se [ed
slides at 120°C for 6 sec. followed by rapid cooling
over dry ice. Vosa efal? observed Quinacrine-like
fluorescence by the alcoholic extracts of the alaloids
from fresh roots of 8 genera from papeverzcece and
fumiriacene. Root extract alkalcids {rom Chelido-
nicum majus, Mucleaya cordata and Glacium flavum
showed flaorescence intensity like that of QM. Other
gﬂuﬂrescent st2ins occasionally used by some workers
are sircolysinoacridine®, berberine sulphzted, 2, 7.
di-z-butyl profl-vine, DBP'e, .

The st idies of Vosut siggssted for the ﬁrst‘time,: the
Cissific tion of four mnin types of heterochrom_tin
as defined by alocyclic DNA, namely:

(a) d=tect ble by ‘cald starvation’ effect and showing
emiancsd fliorescence (Trillium and Vicia faba type);

(b) as (a) but with reduced fluoreseene (Tulbaghia
type);

{c) not reveled by chilling and showing enhenced
flaorescence (Alljum carinaniom type);

(d) 2s (¢) bt with redced fluorescence (Scilla
sihirica end Allivm cepa type).

Banding with Giemsa

C-Banding . P.rdve ond G II*' observed denser
cantrome: ic 1egicns of chicmosemes of Mol se cempli-
meznt after in sitg hybiidiz ticn with ecmplementu y
RNA of tle mouse s-tellite DNA ond s.bseqent
Giemsy st ining. Following t1s  obscrviticn, a
st ining metbed with Giemisy w s deseloped {or the
detection of repetitive DNA wiich is i1ic] ly log dised
in t'e centremeric 1cgiens of the chromosomest®is,
The maethod followed by Vosayond M ¢t it for pl nts,
w! ich is mage or less identicrl to S mner ey ¢l for

at,omeric heterochrom tin jn m o, is s follows:

Air dried p ep rations aire immeised in 71q ety
satetzd sof tin of braim Pydrenide tticom tompo-
pt e for S min tes (den tinction), w sted thovol gl ly
and inctbed for 1 2 his. in 2 X 8SC (V-3 M Sodum
chloride 4 O- 03 M S due mgitra te) g1 607 €C {ignaturse
tion), Alter waking in rinning distilled weater the
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matetial is stdined with difuted solution of Giemsa The technique is  confined  mainfy 1o anymal
(0-5 to 5°.) in M;15 phosphate buffer at pH 6'S, systems.

There is one very important difference that Giemsa Ddtted chiromosomes'® are consistently prodoced in

mathod does not discriminite between segments with otk BrdU and non BrdU substituted Chinese hamster
ntense and teduced aarescenie, but sthins both in cells after treatment with 1M Na-phosphate solutjon,

the samz wiy. The spific stiining of centromeric  agjusted to pH 9-0 with a sipersaturating amount of
yagions of the chromosome this way s called C-band- Na, HCOQ,, and a temperature of 80-95°C. A scries of
ing's, stiining Ccantromezric type of constitutive hetero-
thromitin, However, this mathod besides centromeric
bands also gives bands on the chromosome arms in
plant systems. VYarious modifications of the method
suggested include—maceration of tissue, before squesh-
ing in HC|5-17%:18 mixture of N.HCl and 45 acetic

changes in chromosome morphology are produced as the
temperature of solution is progressively increased. In
BrdU treated cells, only G-banding and differentiaily
sfained sister chromatids are sequentially produced
prior to the appesrance of dots. In non-BrdU treated

4 (2 1)1 L e cells, only G-banding is produced before dot forma-
acid (21 1)', enzyme sotution {containing 37, micero- tion, In general, the patterns of dots correspond

Zyms —E—S?;‘czli.ll:-.se adjusted at pHS;j’ with}‘».‘N.HCl)'fs to the G-bending patfterns. Chromatids with uni or
enzyme mixture {(equal parts of 575 pectinase -+ 5/ bifilarly BrdU s:.bstittted DNA or with normal

) - .
ﬂf-"e;l“jzase 3ﬂ"d = 3_ dr ops “N.HCI Jor EE_Ch _5 ml mix DNA, require differential temperatures for the produc-
tare)®t 22, 459 acetic acid®®; denmarwration in NaQH tion of dots

(0- 07T M-0-1 M),23%.% 6M orert®, different con- _ o _ _
cantrations of hot barium hydroxide solution?, setu.  K-Banding i Air dried preparations (animaj chromo-

rated hot (60° C) barium hydroxide, sojution??. Mok and somies) are pla::f:(? in O-ZM ]:::hﬂsphate buffer {pH
Mok omitted the barium step for bean chromoscmes.  ©°) f::”' 10-12 mingtes maintained at a te?‘*perature

stindard Giemsa technique for plant chromosomes, slides are then immediz=tely plunged into Giemsa in
) the same buffer at room temperature for 10 mjnuctes

Staining is pale and the observation of bands is
facilitated by use of phase contrast mjcroscopy
(Dutsitlaux  and  Lejeune, 197i19°. The banding

. Conventional air dried preparations ar¢ trans-
ferred into hot2 XX SSC pH 7:0; at room temp. or Mc-
Ilvaine Citric acid—Na,HPO, buffe; (0-2 MNa,HOP,

adjusted with U-1 M citric acid pH 7-0) at 65°C and : :
to that obtained for G-banding.
incubated for 24 hrs,- Slides subsequently rinsed in patterns are reverse t ObEAIE 5

alcohol grades and air dried. Preparations are stzined Sc}?we‘:izerﬂ used two PNA binding guanine-specific.
in fresh -2%, Giemsa in M/15 SOrensen phosphate antibiotics, Chromomycin A, (CMA) and the closely
buffer pH 69, related mithramycin (MM) as chromosome fluorescent

- Fiskesjd®-% using Alliwm spp. has siggssted thay dYes Root tip ietaphese chromosomes of three
1

better bands particularly on chromosome arms can Plants .3“‘1 h‘fma“ .metaphase Chfﬂmo‘-’f“;“ ];";1:
be obtainzd by storing the air dried preparations for sequentially stained with CMA or MM and the

2 weeks to 2 months (maturation) before following binding AT-specific fluorochrome 4'-6-diamidino-2-

denat tcation and renatucration process. Limin and phenylindole (DA}PI). In some cases a {1on-ﬂunre-
scent counterstain was used as cohtrasting agent:

) k31 .
Dvorak® has shown that C-bands on rye chromosomes thyl green in conjunction with CMA, and actino-

can be obtajned by SSC treatment at temperatures as . : . . :
D (AMD) in combination with DAPI,
low as 0 °C for periocds as short as | minute. How- myem ( )

ever, the barium step was essential. Korden and von de Sande erﬁa{.ﬁlﬁ mfzrf}dl..lced ;?,nﬂther G-C.
Uncle®® obtained bands merely by hydrolysis in N- specific DNA binding antibiotic— Olivomycin and
HClfor $-10 min. at 60° C followed by Giemsa staining Produced characteristic reverse fluorescence banding
in Lens culinaris and Allium cepa. The technique deve. PAatierns (R-bands) on human, bovine and Mouse meta-
loped in this taboratory with plants involves treat. phase chromosomes,
ment of air dried preparations by 0:29/ trypsin solu-  Banding with Orcein
tion in posphate buffer pH 7-0 at 0° C for few minutes,
fFinsing in water and stained in 29, Giemsa in phos-
phate buffer pH 6-8 (author, unpublished),
 G-Banding ¢ Giemsa stained bands following mere
saline treatment noted in intercalary segments are

referred to as *G> bands®®» ™ %, Since then, the _ _ A .
G-banding patterns have been obtained following a _ Yos*® substituted Giemsa stain with 1-37, orcein

- . , . A _ . - 14.
variety of treatments such as standard saline, NaQHj i the convention] Giems2 C-banding prmedure'

HC! prior to SSC, NaOH, trypsin, etc.,%s 37 % heat- O-Banding Procedure ' In several systems as m
ing®> 9 and even by equilibrating in phosphate bufferl, plonts, the banding technigque has been fe_und to be

Yamasaki®:47 obtained differenti=l staining of
chromosomes in Cypripedium debile by dividing the
root tip longitudianlly in 4 nparts and heating at
60° C-8§0°C for 5-15 min. in 2 staiming TMmxture of
0-25°, orcein, + N-HCI and squeshing after cooling.
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of limited appilication becwise of the inherent tech-
nical limit:tion for air drying of solid tissue,
onz of the protocols for Giemsa  staining.
Mb>reover, plant tissue as a w.ole is less responsive
for Giemsa reaction, To meet this need certain
authors have tried Feulgen staining for banding with
limited success*®. In order to overcome these limi-
tations, a new banding technigue termed O-banding
has been developed by Shirmi%0:5t and extended by
Lavania®® with orcein staimng specially suitable
for plant chromosomes, The method involves pretreat-
ment in ¢colchicine, fixation in acetic ¢thanol, freatment
in 2 mixture of sodium chloride (1M) and sodium
citrate (-1 M) for 2-24 hr. at 27-28°C, staining
in aceto-orcein mixture and mounting in 45Y zacetic
acid. Similar effect is also observed if salt treatment
is replaced by tryplic digestion 2t low temperature
(author, unpablished). O-bands appear on both
sides of the centromere similar to C-bands as well as
on intercalary segments, similar to G-bands depending
on period and concentration of salt treatment.

T-Banding : Two new techniques of controlled
thermic denaturation at 87°C using Giemsa and
acridine orange in diluted buffer are decribeds3, They
especially show a staining of some terminal regions
of chromosomes (terminal band or T-bands). Appli-
cation of these techniques to translocations, hardly
anilysable by other banding techniques, allows the
precise location of juxt>telomeric break points in

man,

N-Banding : Nucleous organizeis classically have
been recognized as secondary constrictions, although
some nucleolus organizers by observing the number
of nuclei and secondary constrictions have been noto-
riously unreliable. Bacause the association of nucleolus
organizers with constitutive hetrochromatin seem to
be a reasonable generalization, the techniques reported
tere may be more reliable means of determining the
total number of nucleolus organizers in chromosome

compliment.

The various banding procedures have been employed
using Giemst staining which involve treatment of
conventional air dired preparations with 574 tri-chloi0-
acetic acid at 90°C for 15-30 min, followed by incuba-
tion in 0«1 N . HC[ at 60°C for 15-90 min. or diges-
tion of chronwsomes with DNase and R Naseb, 64,
nsubation in 1 M NaH,PO, (pH 4-2 adjusted with
IN- NaOH) at 96°C for 15 min®® and moie speci-
fically for plant chrotiosomes incubating in 90°C
SSC or phosphate bufler followed by incubation in
s s at 0 2 Cor strong treatment with barium hyd roxide
sofuticn foflowed by incubation in phosphaic bufler
At 60°C or 2 < SSCT and lasily the Ag-As technique
(stlver stapung)™®  confined to MANUan systenis
only.

Curr. Sci.—3
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Pericentric chromosome banding : Stack and Clarke5®
have proposed a modjfication of Giemsa technique of
plants for obtaining pericentric chiomoseme bands,
which involves treatment of flame dried slides in
0-12 M phosphate buffer (pH 6-8) at 94°C for 10
minutes, followed by 22 hrs. in the same buffer at
60°C and finajly staining at room temperature,

Cd-Banding : A new banding technique?® for animal
chromosomes which reveals two identical dots (centio-

Mmeric dots Cd) at the plice of centromere, one on
ezch chromatid is described.

Conventional air dired preparations which have
been stored for 1 week at room temperature are
incubated in Earle’s BSS medium (pH 8-5-9:0) at
85° C for 45 min. The slides are then stained in 4%
Giemsa in 1/300 M phosphate buffer (pH 6-5).

Hy-Banding : Greilhube;l 62 zchieved differentiation
of preferentially staining hetercchiomatic segments in
somatic chromosomes of Allium "cepa, A. carinatum,
A, flavum, Scilla sibirica and Fritilaria meleagris, when
acetic ethanol fixed Meristems were subjected to O-1
or 0-2 N- HC| at temperature between 60 and §6°C
and stained with acetocarmine. For the Leavily and
weakly staining bands the abbreviations * Hy+ bands’
and “Hybands” respectively have been suggested,

Osher Methods

Takehisa®® observed reduced stainability of H
segments, especially in the M chromosomes of Vicia
faba after 3-4 min treatment at 90°C with 1:9
mixtuye of 1N+ HCl and 254 orcein in 4573 zcetic &cid
Treatment with HCl-acetic zcid followed by feulgen
staining was preferable to treatment with HCl-o1cein
and the bestregiits were obtained after 3 min,. treatment
at 20°C,

Merritt® in various spp. of Nicotiana obtajned diffes
rential staining of late prophase chremoscmes in tle
following way. Pretreated fixed roots were stored
in 709 ethenol at 4°C for at least 3 days, Tke roots
after hydrolysis in 0% HClat 60° C, washed thoroughly
and stained in leugo-basic fuschin untjl the meristem
turns pink. Aflter washing and staining in coelcs
carmine for § mn, the roots were squashed in a drop
of zcetocyrmine and heated over steam bath for 1-2
TR

Differential staining of sister chtontofids

Techniques have been developed wheie Hogel st
¢ 33758 ' is combined with Gicniad staining (leorescent
ptus Gienvy or FPG) to nuake permanent Giemsa
Jtined cytological preparations of differentially lateled
chirombtids, Techniques arg useful Tor the stedy of
sister elirom itid eschanges and support the idea that
the chromtid v 1 DNA mweneacme, The wmethod
developed by Pary and Wolll9 for animal waterijels
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invohes growmg the caiis in the soletion of BrdU  primarily jnvolved jn banding™, I

(Bromdeovyareding) for two rounds of DNA synthetic
phasz followed by proper pretreattent for chromo-
somaz analysis and fixed in suitable fixative, Alr dried
preparations of the miterial are stained in Hoechst
© 332537 aqaeoas solation and processed as usual for
observation in a fldorescence mniicroscope. Sister
chromitids now fluoresce differentially. The same
prepairations are then allowed to age for 24 hr., cover
slips remyved and the preparation incubated at 60°C
for 2 hours either in 2 X SSC or in water, stained with
Giemsa as usual. The chromatid that incorporated
BrdU into both the strands of DNA helix fluoresced
dimiy and now stiins weakly with Giemsa whereas the
chromatid that incorporated BydU into only one
strand fluoresced brightly and now stains darkly with
Giesa,

Independently of Perry and Wolff%?, Kim developed
a3 FPG technmique in which the heating was omitted,
After staining with « 33258 * Hoechst ”’ and obs¢rving
in the RJuorescence microscope, the preparations were
briefly treated with alcohol, rinsed in tap water and
stained with Giemsi, Korenberg and Freediender®’
have reported that an excellent differentiation with
Giemsa ¢an be obtained without a previous fluore-
scent staining if the preparations aie heated for 10
minutes at $7-89°C in | M phosphate buffer, pHS.

Sugiyamz et al5® proposed that other photosensi-
tive dyes like Thionin can be substituted for ° Hoechst
33258 . Lim and A)G®™ introduced another new
fluorescent dye 4'-6-djamidino-2-phenylindole (DAPI)
replacing ‘ Hoechst 33258 °.

For diffzrential staining of sister chromatids or for
the stidy of artificially induced sister chromatid eX-
changes in plant materials Kihlman and Kronborg'®,
Schvartznan and Cortes? have found that sufficiently
good differentiation between sister chromatids could
not be obtzined by growing the roots in the presence
of BrdU alone and have siggested that the incorpor-
ation of BrdU had to be stim.jated by suppressing the
cellular synthesis of thymidilic acid with FdU
(uorodeoxyuredine) an
synthetase.

Miller, Aronson and Nichols’® have described a
method based on the work of Parry and Wolffs,
Korenberg and Freedlender®, which yields 3-way
Giemsa differentiation in metaphase chromosomnies
exposed to BrdU for three S-periods (or exposed for
two S-periods and removed from €Xposure from the
third S-period) by means of which all the SCEs
occurring S, S, and S
counted and distinguished from one another.,

Mechanisms of chromosome banding

Experiments with acid-treited chromasomes indi-
cate that nanhistone rather than histone proteins are

Differential Staining and Plant Chromososnes

inhibitor of thymidylate

can be accurately

Current
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. ' . t hi's been proposed
that quinacrine or Q-banding is due to a difference

in Dase composition of DNA along the chromosome
DNA  contairing G-C sequences quenches ﬂuqrc:
scence and highly A-T rich DNA enhances fluore-
scence™: % Comings er @l have suggested that
quinacrine binds to DNA by intercalation with the

large side chain at position 9 resting in the small
groove of DNA,

The thiazin dyes (methylene biue azuie A, B and C
thionine) of Giemsa bind to DNA by iﬂtercalaticlz
v1.9-.rith the phosphate groups. Associated with this binding
is a metachyomatic shift in the absorpticn spectra of
the dye due to stacking (dye-monomer— dye pohy mer)?,
The weight of evidence, however, suggests that both
Q- and G-bands are the result of dye binding to
adjacent sites on folded molecules of natjve DNA,
the appropriate conditions necessary for such binding
depending to a great eXtent on the relationship bet-
ween DNA and its associated nonshistone protein.
The major factor in C-banding appears to be the
Presence of non-histone proteins that bind specificaljy
to centromeric heterochromatin and protect it from
extraction by sodivm hydroxide and salts. This
results in intense staining of the C-bands and poor
staining of the rest of the chiomosome™s %, 1.imin

ané Dvorak® have suggested that Ba (OH), alters the
chemyjcal structure of heterochromatin, rendering
them jnsojuble in SSC,

The 1mportance of DNA protein linkage, as in C-
and G-banding, is noted in orcgin-banding as well.
Treatment with mixture cf sodium chloride and sodjLm
citrate involves removal of proteins from gertain sites,
where due to the nature of the DNA, possibiy because
of the unique sequences, the binding is comparatively
weak, Similarly, it allows retention of the dye
represented by bands at sites where the binding is
comparatively strong due to compact and homogeneous
nature of DNA of repetitive sequenes, With the
increase in the duration of treatment, there is step-
wise disappearance of the bands, except C-bands which
disappear only after a prolonged treatment, This
is also borpe out by trypsin treatment as well, It
appears therefore that gradual removal of non-histone
proteins is principally responsible for O-banding™,8,

A simijlar mechanisa: is probabiy involved inp stain-
ing of the nucleclar organizer regions (N-bands)’,
From the available c¢ytologic2] and biochemical
data it has been suggested that the N-bands represent
certain structural non-histone proteins specifically
linked to nucleolar orgonizers in various eukaryotic
chromosomes®®,

The mechanism mvolved in the differential staining
of sister chromatids by FPG technique is that replace-
ment of thymine in chromosomal] DNA with S-bromo-
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FIRST RECORD OF ALGAL REMAINS {(FILAMEN10US, SPHEROIDAL) AND ACRITARCHS FROM

DOLOMITES FORMATION OF PITHORAGARH, KUMAUN

THE PRECAMBRIAN GANGOLIHAT

HIMALAYA, INDIA

AVINASH CH, NAUTIYAL
Dzpartment of Geology, University of Lucknow, Lucknow (U.P.), India

ADSTRACT

The Precambrian Gangolihat Dolomites Formation (Calc Zone) of Pithoragrah appre-
ciably yiclded algal remains (filamentous, spheroidal) of living cyanophycean (Qscillatoriaceae,
Nostocaceae, Chroococcaceae) affinities, It also revealed acritarchs (ofganic—walled micro-
planktons) in common to sporadic distribution. The general morphological characters of the
ancient algal and fungal (,) microfossils are described. In addition, two new species of Baltiip-
baeridium and Schismatosphaeridium (Baltisphaeridium gangolshatensis sp. nov., Schismatos-
phaeridium kumauni sp. nov.) are incorporated. Their discovery in the Calc Zone of the area
is the first find of the same known to-date. The presence of these microotganisms (algal and
fungal remains, incertae sedis) in the sediments assists in the reconstruction of paleoeaviron-

ments during the ancient Gangolihat oceans and dating of the Precambrian rocks.

INTRODUCTION

(TH(N the last decade substantial data on the

presznce of microscopic algal remains (filamentous
anl sphieroidal) from the Precambrian sediMments of
the U.S.A,, Cinada, Australia, Russia, Africa and
India have bzen puiblished (Barghoorn and Tyler!;
Vologdin and Drozdova®; Vologdin, 1966; Schopf';
Gutstadt and Schopf, 1969 ; Hofmann and Jackson?;
S:za0of, 19703 Schopf & Bl wic? ; Schopf, 1972; Schopf
etal, 1973; M:Connzll%; Hofmanné; Maithy®3;
Nuwtiyal'’; Cload?; Wialter eral®; Hofmann8,
Miithy and Shukla'¢), In India, however, reports on

the algal microbiota are still scarce (Maithy, 1968 ;
Srivastave, 1971; Sajujha etal,, 1971 Venkatachala
et al ®®; Maithy and Shukla'?). These microorganisms
from the Precambrien sequences of the Kumaun
Himalaya, have not been reported so fer,

In the course of investigation on the presence of
Mjcroorg>nisms in the Precambrizn Gangolihat Dolo-
mites Foirmation (Calc Zone) of Pithoregath (Kumaun
Himalaya), the crlcarecus sediments and non-cal-
careous phyilites yielded microscopic alga[(filamentous,
spheroidal) and fungal (?) remains and acritaichs in
common to sporadic distribution, However, these



