
DIFFERENTIAL STAINING OF THE CELL ORGANELLES 
OF ALLIUiW CEPA USINC A NEW FIXATIVE 

AND A NEW STAlh 

The resstmns of the root- tq  cells of Allium rc,jm. fixed VI Icdmc-FororaiCzl~yle- 
vcetlc acrd & F A  ), Acctlc dcohol and Nainalun'i fluid lo G:cima rtorn are 
comparod w t h  those oblained after starnmg wrh Methll grsen-Pyian!n I.F. A 
gwes optlmnl prcscrvatmn o i  the cell organelles but d t f m  from ,\cetlc alcohol In 

that il accentuurea t l x  b!uc colour of Cicmrd and ihe redof Mcthyl g r o u  Pyronin 
The red o l o u r  or Gremsa !a lranslcnt ~n m*wiial liied 111 Nakashln lor o m  hour  
and abrrnt in chose lined lor tiuenty.four hools The dxtierentiai stainmg %cth 
Methyl giecn-Pyronl,~ was observed only whcn the t m c  oC t'hation lo Nniorlm 
was Ilrnlld to OllC ll""i 

The nuclcur and tho chmrnosornc% in prophaw nnd h t c  tc lophaw ave stamed 
pnrple red by (~tcmrn and biuish green hy Mcthyl grccn-Rronin. The cbiarno- 
romor a t  other plisres O F  div~smir bare a ~lcphlly d.ukrr rhnde 'ihc ~ r u i l c u  
mumbrane, the nuclcoh, ihe cyioplaim, thc achromatic i j e u ~ c  arid e$pcr~ally the 
phrngmaplast are blue in  (i iem~a and rcd i n  Methyl grcen-Prrooln The cell 
v1ate which L$ umtalned 8" early ~1ags:cs ofiormntwn s u m s  :a lnrc teloplmre 

INTROUC~CTION 

Dt~ring an analysis of the reaction of the nucleus of livmg yaast cells lo 
various fixat~ves and s t a m  it was d~scovered that Iodine-formddehyde-acetic 
a c ~ d  (I P.A.) solution nlunc gave a life-hke prescruation ( ~ o ~ a n ,  1956, 1958 a ;  
Thyagarajan and Subramantam, 1957; Aswathanarayana and Suhramanwn, 
1958). On stamng the liaed but unhydrolysed smears with Glemsn's soluiion 
the yeast nucleus was shown to have a blue nuclear membrane, led chromo- 
centres and blue nucleolar equivalents (Royan, 1956 6 ; Subrarnan~am el a / ,  1959). 
Further, the fixn(~ves commorily employed ror the qtudy of p h i  litlclei d ~ d  not 
give a life-hke prerervatioz of the orgarielles of the yeaat nudeus (~ubrrruao~am. 
1960). 

Till the demunstralion of the n~iclcus In living yeast cells, the selectm of 
fixatives w a s  arbitrary. Mureover, >lie Giemsa slam now in v o p e  in yeast 
cytology had rarely been tested ou plant mntcnal. The I~fe-hte prciervat~on 
of the yeast nucleus, by I. F. A,, a first~vc not tncd on plmt material, and the 
facd~ty%~ith which the G~emsa slain could bc used to stain dnkrentlally the 
nuclear organelles xecessitared confirmation by tests on plant material 
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Giemsa. 
lmmzrs (1957) employed Gicmsn in his inireitig;tli~mi 011 lw  tiIi/.iii~!n ;and 

cleavage of the sea-urchin eggs The deoxyrihoi~ucleic acid ti! tiic jli~iiiielell.; 
of the unfeitlllaed sea-urchin egg was loc:lted by Agrcll ( IYSs' j  li\ir:p <i!rm+:i 
stain and enzymatic dlgestton Accordlug t o  Konl;iliorii, h:tli!nri, I tir.!s:lu:a tind 
Mori(1953) the constituents of the Giemsn stain hove diI12r1nfi i!fliiiilic\ fur 
DNA, XNA and the protetnr. The pink porplc oi thc i.itr~?u!,t:m i. W I I  t i )  he 
a mctture of the dark blue colour tmpartcd ti? llto DNA hy !\/arc 1 ; I I ~  tlic pir:k 
colourat:on, by eosin, of the histone and non-hiitone prii;ci.~- '!'lit :iIlii!tly ,)f 
Methylcnc blue for RNA would expinin the hluc coloui of thr* nuficrilu; and 
the cytoplarm 

Giemsa stain followed by a 2 "!, alcoholic so!nt~on (it' S:iir.iniii war i t d  hy 
Wright and Skoric (1928) to locate symbiotic hxctcrt;~ in p l~ is t r ,  I I I  wctiims, 
the bacteria were deep blue, the cytoplasm of ilie plent cdla ligltt hliw, the 
nuclel pmk, the nucleoli blue and the ccll w.ills red. This IS pcrli;tp5 ~ r i c  of 
the rare ~nstances of the use af Gtenlsa in plan1 cytology. 5t1r ohacn~rtionu 
embodied m this paper attempt an evaluation of ilie nctiixi of I .  I:. A ,  a r  rum- 
pared to other fixatives on the root tips of Alliurn ccpa and of the  (iicta\.i rtaw 
With conventional stalnlng methods 

The roots of freshly germinated bulbs of Alli~irn wpn wcrc n;r,lic~l ixndcr 
the lap, exc~sed and then transferred t o  the three tixatives. wz. Acetic alcohol, 
Navashin's f l u d  and Iod~ne-formaldehyde-aceth acid. Tlte vial, b e r e  kept 
under an exhaust pump to ensure quick penetration and rapid tixniion. Good 
Preservatton was obiamed by keepmg the root bps for two hour.; in Acetic 
alcohol ( 1  : 3) and for only an hour i n  Iodine-formaldehyde-acetic acid 1Granis 
Iodine [diluting 1 part of Lugol'siodine (1 % I* in 2'35 aqueous Kl)  will! 2 ports 
of water] 8.8 c.c.; Formaldehyde (B. D. H. Sample, 37-41;.) 1.2 c c. ; and 



Glacial acetlc acid (Analar quality) 0.5 c c.! Maleila! fixed m Navashm 
(Darlington and La Cour, 1950, p 115) for a short period of one hour and for 
a longer one of 24 hours eahib~ted d~fferences in their reac tm t o  the stains. 
The Acetic-alcohol fixed mater~al was down-graded whde that from 1.F 4. was 
passed through two changes of 7 0 %  alcohol extending for a per~od of 24 hours 
to remove the Iodine The Navashin material wa3 washed under the tap for 
24 t o  48 hours. After removal of traces of the fixatwes the root tips were 
elther stored in 70% alcohol or ~mmediately dehydrated, cleared in mixtures of 
absolute alcohol and chloroform followed by pare chloroform and then Impreg- 
nated and embedded in paraffin. The blocks were sectioned at 6 p  and 1 0 ~ .  

STAINING WITH G I M S A ~  SOLU~ION 

The sectrons washed well under the tap for 15-20 mmutes and kept in 
d~stillad wzller for Bve minutes were stored in  Sormscn's phosphate buffer of 
pH 7 0  for 10 minutes. They were then transferred to the Giemra stain (2.5 ml, 
of Michrome brand (Gurr) stock solution and 47.5 ml of the buffer of pH 7.0) 
and exam~ned periodically up to 24 hours directly In the stain. To gei thebest 
preparations il was desliable to overstam the sections and then de-rtam them 
cilrcfully in 50 % alcohol prepared In buffer. After nnsing la 20% alcohol and 
In burer they were quukly dehydrated through alcohol grades, passed through 
alcohol-xylol (1 : I) mlxture and then through two changcs of xylol before being 
mounted in Canada balsam. There IS occaswnally a sbnnkage on transfer of 
slides from alcohol t o  xylol. The s!am has a tendency to fade In permanent 
preparations. Observations were made on buffer mounts as well as from 
permanent preparations The former was cons~dered necessary to evaluate the 
changes that occur during dchydratmn. 

STAINING WlTII M ~ H Y L  GREW-PYRONIN SOLUTION 

A 1% stock solution of Methyl green-Pgronin (Gurr sample, Special for 
Nucles acids) in 0 25 7; Phcnol In d~st~lled water was prepared and was d~luted 
with three times ~ t s  volume of water just before use. Slldcs rinsed m distilled 
water were stored in it for 15 to 30 mm. They were then rinsed in dist~llrd 
water, blotted to remove the excess of water and passed through absolute 
alcohol, abrolute alcohol-xylol mixture (1 : I), and three changes of xyiol before 
mountmg in Canada balsam. The oversLain~ng, if any, was removed by abso- 
lute alcohol. 

Observations were made with a Bausch and Lomb Research Microscope 
using a x 90 objective and a x 10 eye-piece and the selected stages were photo- 
graphed at 113 their magnification on Koddk Microfile film using a Leica attach- 
ment. Colour transparencies of some of the stages were prepared on Kodak 
Ektachrome film. 



0iissavh'r;oNs 

1. Ac& al~.ohol-Gieinro :--Thcproprcis of il:!lillnj: i i r i  11.i:i.ii'riif W ~ I U I I $  

to ~ ~ e m s a  solution was follo\vcd. After 5 to 15 r n i o i i ! ~  in 1111. ,1.1111. Ilic nuclei 
and &rolnosomea were grcenish bluc, whllc the olllcr or~.:ini.I:c~. 9.r;~ hluc. 
on continued stay thc bluc began lo be more promiriclir nrd tlrc rit~iI .! i  ;ii~il 
chromosomes slowly stood out as deep purple strocr.lrc5. 

~ t t c n t r o n  IS invlted to the fact that the red coinpimcn: CIV lhu <;lcni.in 

stall1 begins to have an affinity for the itructllrer only wlrcii 1 1 1 ~  .;'C.;!.I..I.I I I : ~ ~  
becomc deep hlue. 

Whcn the sections were examined .iCtcr remo>:il irum tiiv h.11Il .ind uitIri>ut 
riostng, the blr~c colour dominnted. The nuclei wei-c porpli>ii ~ci!.  Il~iYcrcn- 
tiatron In alcohol removes the excess of blue and Icovcs llrc n ! i ~ l c : ~ r  rixitrn 
purple red. If t h ~ s  process is continued the  purple red stamlii!? I ,  .ilu> i c i i r ( ~ r d  
by alcohol leawny the nucleus green~sli blue (Subranv.iny.m and Suhi;~ii.tiii,i!n, 
1957, Photo 1) Dltcct exalninatlon In thc stam docs iiot luw.ii lllc o,lilc.lr 
envelope m i s g  to the mlensz stalnmg oC ihe nusleti\. li ir criil:,, i r l ~ n  r l~c  
nuclzus 1s purple red after difeientiat~on, that the blue uuclcJr iilcni:rr.riie ct~ulil 
be reco~nised (Photo I). The slldes were tlierefnre d~tTcrei~t~ot.!il 111 .ilcuhi~l 10 
give the dcsrcd Wheu on proloaged diffctnntra~ion 111 ;iir.,>Irol Ilic 
nucleus in gecmsh blue, the nuclear membrane still retained tho Irlix $t:iwiiig 
(photo 23, Subm~nun~am ef d l ,  1959). The nucleoli nt81 d~rcw~i i l i l s  in 
over~tained nuclei became clear on diFerentiatioo in uleoiwl. l'iwy nppcared 
as blulsh organelles ( ~ h o f o s  1 and 2) Over-difcrenti;it~<>!i improved llic 
clar~ty of rhe nucleoli ivhlch appeared as ~f they li:id ii:iincd b,s:ilcrs. 'lllc 
cytoplasm was gcnmdly blue. 

During prophase and latc telophnsr the chronrosomes wulc p~i rp lc  rcd 
(photos 2 and 8).  In prometa-(photo 3), meta-(~hotu 4) and : tn:~ph~ses 
( ~ h o l o i  5 and 6) thc chromosamci were dark owlng to ;t coupling of tlic 
purphsh red with blue In  czrly telophose (Photo 7) the cliromosomcs wcrr: 
deep pwplish red especially when lhcy were contracting a1 the polcc. The 
polar cars In prophase (Photo 2). the developing (photo 2). and the fully 
formed spindle at metapbaqe (photo 41, the interzonalflbres and othcr rcpions 
of the spindle In anaphasc (Photos 5 and 6) and the phragmoplait in e;lrly 
telophace (photo 7) were stamed blue. This was particularly prominent in 
the phiagmoplast. Tlx achromatic figure, though of tlie same colour ns the 
cytoplasm, stood out  owing to ~ t s  greater a h i t ) .  for the blue component. The 
cell plate seen In c a r l ~  telophase as an unstamed streak (Photo 7) began t o  
stain blue in late tclophase along with the two knob-like remnants r i f  tllc phrng- 
moplast at its end (Photo 8). 

In using Gicmsa as a regreaswe stain the time of  stay in the stnining bat11 
necessary to give good lmparutions was also explored. hce t lc  marerial 
stained for one hour gave good prevarations on diifcrentiation. A longer stay 
in the staining bath naturally necess~tated :I longer time of de.~taining, 



Unhke the earlier workers who appear to have used Glcmsa stain as a 
progressive one (~acobson and Webb, 1952) the observat~ons reported above 
are based on the results obta~ned by differentiating overstained sectlons. i t  
became interesting therefore to evaluate the utility of Gmmsa as compared !o 
Methyl green-Pyronm. 

2. Acetic alcohol-Methyl grren-Pyronin --Shlmamura and Ota (1956) 
offer evldence for the presencc of pentore nuclex acid in the achromatic figure. 
They record the absence of pentose nucleic acid m the cell plate, which appeared 
as an unstained h e  in the m~ddle of the phragmopiast. Their conclusions arc 
drawn from sectlons different~ally stained with Toluidxx blue, Thronln and 
Methyl green.Pyronin. The fixatlvcs used were Acetic alcohol and Telyec- 
n~czky's fluid 

On staining sections of Alliurn ccpa, fixed In Acetlc alcohol. the nuclear 
membrane (photo 16) and the nucleoli (photos 15 and 17) were red, while the 
nuclear matrix showed blulsh green areas (photo 16). The chromosomes in 
prophase (photo 17), as well as late telophase (photo 22) were bluish green, 
whtle m prometa-(~hoto 181, meta-(photo 19), ana-(photo 20) and early 
relophases (Photo 21) they tended to be more blulsh The polar caps (Photo 17), 
the dcveloplng spindle in prometaphase (Photo la), the spindle at metapbase 
(photo 19), the poleward regions of the spindle (photo 20), the phragmoplast 
(photo 21) and ~ t s  knob-l~ke remnants and the cell plate ( ~ h o r o  22) were all 
starned red. I t  is only durlng the early telophase (photo 21) that the cell plate 
rcmained unstamed, remmiscent of a s~milnr experience with the Giemsa stain 
(Photo 7). 

3. lodine-forrnaidehyde-acel;c acid-Giemsa -The reactlon of the cell orgn- 
nelles to Giemsa in materlal fixed in I F.A. was comparable to that observed 
after Acetlc alcohol fixation. Whereas after Acetic alcohol the chromosomes 
and nuclei assumed a purplish red tinge after a stay of 30 to 45 minutes in the 
stain, in I F  A. mater~al the   den tical organelles became purplish red only after 
a lapse of one to three hours. The blue colour of the cytoplasm appeared 
more mtense when the sectlons were examined directly from the stam. But 
this could be removed easlly during d~fferentiat~on. In permanent preparations 
the organelles havmgan affinity for Lhe blue component had a more Intense 
colour as compared to those of cells fixed m Acetic alcohol 

When material over4ained in G~emsa was carefully differentiated m 50% 
alcohol, the nuclear matrix was purplish red, the nucleoli and the nuclear 
membrane blue (photo 9) The chromosomes In prophase (photo 10) and 
and late telophase (photo 15) were purple red. But this colour appeared 
deeper In prometa-(~hoto ll) ,  meta-(photo 12). ana-(Photo 13) and early 
telophases (photo 14) The cytoplasm and the achromatic figure (Photas 
11 to 13) were stained in shades of blue The cell plate (photo 14)appeared 
unstained in early telophase The spindle fibres and especially the interzonal 



ones were clear in Acetic alcohol as well as in I P, A. Gicmw :xep:iraliiuis 
(Photos 6 and 13). 

4 Iod~apforn~aldehyde-n~eti~ aci&-M~~llrpi greol-hronln .-The nilclcnr 
rnCmbrane and rhe nucleol~ were stained red (Photos 23 :ind 2.1).  The 
chromatin of the restlng nuclei (photo 23) and the chronio~omus tit proph:i\c 
(Photo 24) and late telophase (photo 29) were stained blulah gieen. T11c 
chrornosomcs durmg prometa- (photo 25), meta- (photo 26), m i -   bolo 27) 
and euly  tciophsscs (Photo 28) tended more towards blue. 'lhc p o h r  ciips 
(Photo 24), the spndle (~l io tos  25 and 26), the polewnrd :ind thc intcrzonnl 
regions of the spindle a t  anaphase (Photo 27) and the phr:~ginoplast (Photo 28) 
were stained red. The cell plate seen as an unstained area In e:irly tcluphaie 
(photo 28) appeared as a red h e  ~n late telophase (photo 29) along with the 
remnants of the phragnoplast at its sldes. Matcrial fixed in I. F. A. h:id a 
greater affin~ty for the red colour of Methyl green-Pyronin. Attention was 
more concentrated on the  contrast of the cell organelles In order to evnluste 
whether Giemsa gave as specific a dlstmction between the chromomncs and the 
achroniatlc figure as Methyl green-Pyronin. 

5. Nn,nshin-Giernsa:-Unllke the two previous fixative.; the cull orgn- 
ndles were not stained in d~fferent~al colours by Giemsa in rnaicr~al fixed for 
24 hours In Navashm's fluid. All the organelles though clear appc:md in 
different shades of blue. The cell plate was seen only as a stained line on  the  
equator of the phragmoplast. The characteristic red or purplish red staining 
of the chromosonles was not observed either when ovcr-stn~ncd slides werc 
examined directly In the stain or during de-stamme In 50% alcohol. 

Such an experience led to a doubt whether the absence of afiinity for the 
red component of the Giemsa stain may not be  due to over-fixation. Tiierc- 
fore, the reaction of the cells t o  G~emsa after fixation for an hour in Navashrn's 
fluid was tested. Direct examinailon in the stain showed the dark blue nuclei 
and the chromosomes bemg overlald by a slight reddish tinge after a stay In 
Giemsa's solution for one to three hours. The  red tinge was rery transient 
even in wet preparations and disappeared completely duting the q u ~ c k  debydra- 
tion necessary for making the sl~des permanent. 

6. Nai'oshin-Methyl green-Pyronin:-Contrary to the experience with 
Giemsa where the red colour was transient, a poslllve differential staining wlth 
Methyl green-Pyronm was obtained when the fixation time in Navashin had 
been l~mited to one hour. 

The chromatin in Photo 30 was bluish green. The nuclear boundary, the 
nucleoli (Photos 30 and 31), the  cytoplasm, the polar caps (photo 31), the 
spindle (Photos 32 to 34), the phragmoplast (photos 35 and 36) and t h e  cell 
plate with the remnants of the phragmoplast (Photo 37) werc all stained in 
a red colour. The cell plate was seen as an unstamed lme in early telophase 



(Photo 35) only in a few lnsrances In many, the cell plate bvas stnlned red 
both in early ai well as l a ~ c  telophzses (Pholcs 36 and 37). 

The d~fficulty experienced in gettlng a diWrential sta~ning of the cell orga- 
nelles wirh G~emsa In material fixed in Zavashin for 24 hours was parallelled 
by rhe experience in attempts to stain such sections wlth .Methyl green-Pyionin. 
Even after storage for 24 hours the nuclei and ckromocomes were only red. 
The bluish green colour assumed by the chromatin nhen Acetic alcohol or 
I. F. A. fixed material were staaed mith Methyi green-Pyronin was absent 13 

Navashin materral fixed for 24 hours. 
The reaction of the various organelles to staiamg xith Giemsa and Methyl 

green.Pyronin solutions are summarized i n  Table I. 

Organelles G1em.w MerhjI green-Pyronin 

I .  Resling cells 

(1) Chromatin Purple red Bluish preen 
(il) Nuclear membrane 

(111) Nucleolus Blue Red 
(IV) Cytoplasm 

11. Dnidin: cells 

(i) Chromosomes 

(a) Prophase and late Purple red Bluish green 
relopbase 

Dark Dark 
( b )  M e w  aria-, and early Purpl,sh red 

telophases 
Blrlish green 

(purple red + blue) 

(11) Polar caps 
(ill) Spindle 
(iv) Poleward regions of rhe Red 

splndle .: . I (v) Phragmoplast 

(vi) Cell Plate 
(a) Early telophase . . Unstained Unstamed 
(b) Late telophase . . Stained Stained 



Dlscus$mN 

Iodlne-formaldehyde-acet~c ac~d gave opl11n:d p l ~ s c r ~ ~ i t l ~ ~ l ~  lrl' t k  celi orgx- 
nelles. Materlal fixed in ~t can be sectioned w ~ t h  c;iso urillhc tlio\c iir hcctic 

which show shrinkage as Neil as brltllencss. 7'hc diffcrenc: between 
I. F. A and Acetic alcohol js that there is an accen1u:itron of liie I ' l i~c ctiiour 
of Giemsa and the red of Methyl green9yronm In t l ~ e  formcr iix;itivc. 

lmmers (1957) recorded 111s inab~lity to sram tlic resling oiiclc~ durmp the 
first mitosls of the fertihzcd sen-urchln eggs The nuclei of I l ~ c  root tip ccllr 
of Allurn cega, however, ahow a clear differenti:il staining (l'lioli% 1 :in* 9 ) .  
Jacobson and Webb (1952) described the nuclear membranc :IS cirl~~urlcra iiliile 
Agrell (1958) reported 11 a?  famt red In the pronuclcuv of ~a.~-:lrcliiii epgb lo 
Alliunl cepn the nuclear membrane has the same colour 8s tlio iyrrrpl.i~~ll and 
the nucleolus (Photos 1 and 9 ;  c f Subremi~riyarn and Suh~arn;~n~;~rr i .  11)57, 
rhoto 1). Thls ir remio~scent of the stamma of nucie:ir men~brmc red (Photos 
16, 23 and 30) by Methyl green-Pyronln and would conform In the preicact of 
a distlnct membrane reported from electron microgmpl~s of plant ( l k ,  1957) 
and anlmal cells (callan and Tondm, 1950; Watson, 1954: Kii111 ;ind l k  
Marsh, 1955; and Barer e l  "1, 1959) 

The sl~ght vanations ~n the colour of the chromosomer during ~ h c  vilriuus 
phases of div~sion in A//lum cepa  a able l), parnllel ;I simtI,ir o h w i n t i o n  by 
Jacobson and Webb (1952) and disagree with thosc of In~nicrs ( I ' ) ~ i f  a h o  
records a unlform magenta tlnt during all the phases. 

Jacobson and Webb (1952) suggested that the r l e o x y i r h n n u i l ~ ~ o p i ~ ~ r c i ~ l r  
were stained purple red by May-Grunvald-G~emsn and tho riho!ii~cie,rpnrteins 
blue (c 6 Knmahora et a/. 1953). Confirmatmi for the ohove w.1~ (tffrrcd hy 
them by stalnmg isolated nucleoproteins belore and after treatment uith 
enzymes The nucleoll and :he cytoplasm of Aliiurn wh~ch are blue in G~crn,a 
( ~ h o t o s  1, 2, 9 and 10) are red In Methyl green-Pyronin (Photos 16. 17, 23, 24, 
30 and 31; See Table I )  i t  should be emphasued, howevcr, that the compo- 
sition of the fixative and the time of fixat~on are major factors in ohtainlng a 
polychrornatic ~taining This IS evident from the ttans~ent nature of the led 
colour of G~emsa In Navashm material and an accentuation o i  the hlue colrrur 
of G~emsa and the red of Methyl grcenPyronin in I. F. A. marcrtal. 

Plant cells fixed in Acet:c alcohol and stained wlth Giemsa showed the 
same differential stainlng of the nuclear organelles as in yeast cells fixed in 
I F. A. (~ubramaniam et al. 1959). Ev~dence is presented In this paper to show 
that this similarity m the structure of yeast and plant nuclei could be delnons- 
trated in mater~al fixed in I. F. A and stained with Giemsa 

ACKNOWLEDGEMEXT 

Grateful acknowledgement IS made t o  Dr. M K. subramanjam for his 
guidance and encouragement and to the aulhoritles of the Indian institute of 
Science, Bangalore, for the award of a Scholarship. 



R C F ~ R P N C ~ S  
1 ASclj, I . . A?!>J /o? 2oolus.i . 1'15%. 11, 457.451 

2.  Asuatl~annrawnrt, N V and P,ac lndion Acad Sci , 1956, 41 B, 263-273 
S!~hidinan~riii ,  hl. IC 

3 Barer. R , Josaph, S and . Exp!l Cell. Rcs . 1959, i8 .  179-182 
Meek, G.A. 

4. Callan, li. G and Pioc Roy. Sac Lond,  19i0,137 B. j67-318 
Tomlin, S. Ti. 

5.  Cnnn. 13 1. . . " B ~ o l o s s r l  S h n a  " :i;cocva, N Y Rlotech Pubs 
1910 

6-  Dsr!>ngton. C D am! . '. Tliz Handling of Chromasomo" iLoudon ~ l l e n  and 
La Cour, L L'. U n w n ) ,  1950. 

7 DC, D K.  . Expi  Ce!l R e v ,  iYV, 12, 181.181 

8. Cn!enbj, J B. acid . "Bdles Lec'r M!aotoml, t '~  Vrde-Mecum " !Losdou 
Casdrg, E V. Churchil:i, 1928, 

'J -- . J B aud "Thc I\llcruroniisl's Ylde-Mccum ITIoller Lee! " 
Palntur, P S (London Ctruichdl), 1937 - 

10 Hartman, P. h and J iiocl., 1954, 68, 237-212 
Parile, I I 

1 I imrne-s, J . . Lkpil (e l !  R i s .  1 x 7 ,  12. 145.153 

12. Jacobson, W and Webb, iM Ihrd, 1 9 2 . 3 ,  lbJ.IR3 

13 Kumaho~a, J , Inamon, K , bred J m t .  Omkn U w  , 1533, 1. 235.240 
Fotaaawn. t and hlon. '1 

I4 s - i u t z ,  1 and Cxptl Cell Res , 1955, 8.  39.496 
Dc Marsh, Q B 

15 hlnrphak, A . lnrcrnnr Rev Cjwal., 1955,~.  103-114 

16. Rohinom, C T Joio Hwrcnc. 1944, 13. 413-di3 

17. -- Boo flew 1956, LO, 207~%42 

18 Iloyan. S Prac I m h n  Acod Sri.. 1956, 14 B, 17-51 

19. .--. . /bid,. lq58 o, 47 B, 31-42 

20 Curr Scr., 1WJ 6, 27. 400401. 

21 Shxmamura,T andOtu,T C.xg11 O N  flu, 1956,11, 316-361 

22 Subramanlam, M K Indianlnil Sci., Golden Jab. Kes V d  , 1959, 96-102 
Ruyan, S, Thyagar.?im, 
1' R., AswalhdnaraymB, 
N Y and Suhiamanyam, S 

23 Snbmmancam, hl K . Pioe Indian Aced Sti , 1960,51 B,65-73 

24 Subrammyam, S and . Om Sn , 1957, 26, 360 
Subiumanmm, M K. 

25 Thyagarapn, T R and pror i n d i o n ~ c o d .  S e t ,  1957,45 B, 187-195 
Subran~anmn, M K 



DESCRIPTION OF PHOTOhIILC'RO(jRA1'liS 

PLATE I 
Photos 1.8 Sect~ons of roots fired la  Acetic aicohol and rtatneil wit!i ( r i C l : i u  . cn.. ?,000. 

1 The nuclear membrane is continllouc 

2 Prophase The polar caps merge with the nuclear nternhrdnc 

3 Prometaphare The fibrous nature of the rpindlc I.; clear 

4 Metaphaso The pr~mlncntly ~tillncd chromoromcli lie o n  lile cqli.ltor of tho 
spmdle 

5 Anaphaso The palcward regions of the spmdle are very cicm 

6 Anaphase The mterzanal fibres arc blue 

7 Early telophase The phragmoplast is seen with the cle:ir unwiinr'd cell plate. 

8 Late teluphase The cell plate shows the rccnnontc of the phrilgrnopiart a! 
~ t s  ends 

9-11 Seciion~ of the raat ttps fixed m lodine~formaldchyd~~~c.etic u c ~ d  uod stained 
w ~ t h  Giemsa x ca , 2.000 

9 The nuclear membrane 1s clear 

10 Prophase. The polar caps and the nuclear membrane arc rl~icunrhlc 

11 Prometaphnae The fibrous spmdle i$ very distinct 

12 Metaphase The spindlc and the chromocomes are clcar 

13-15 Sections of roots fixed m Iodine-formaidehyde-acettc n c d  and stained With 
Cicm~a Xca., 2,000 

13 Anaphase with the polcward and interzonal regions of the spindle 

14 Early telophase. The phragmoplart is promincnt. The ueil plate li unstnined 

15 Late telophase wlth the stained cell plate and the knob4ko rcnnvmts of the 

phragmopla~t 

16-22 Sections of root tlPs fired m Acetlc alcohol and stained with Methyl green- 
Pyronln. X ca , 2,000 

16 Resting nucleus The two nucleoh and the nuclear membrane arc stained red. 
17 Prophase with polar caps impercepttbly rnerplng with the nuclear membrane. 
18 The fibrous spmdle stained red is clear 
19 Metaphase with the spindle. 
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PLITE 111 
D~fferent~al  r tamne of the cell organellea of ANlum eepo 

"ring a new f i x ~ m ~  and a new slam 



1 ate tclaphorc Thc ccll pl,~re and rile ;cm?ants o f  the piiragmoplrrt ara 
stamed 

39-31 Scctmns of roots fixed m havd4im's flu:d snd slamcd wtl i  Mcrhyl greel- 
Pyronm x ca , 2,000 

SO Note the oucleal membrane. 

21 Prophore 'Thhe polar cap 5.; outrcdz the nuclear membrane 

32 l'rometaphasc The l ib lorn ~ p m d i e  can be seen dintinctly 

33 Metspharc Note the i y ~ n d l c  fibres convergmg a1 the pnlcr. 

34 Eaily snaphale ui th  the bipul.lr sgmdlc conveiglngat hot11 fhc polrs 

35 Early lelopharc. P b i a g m o ~ i u t  w t h  rhe unstained call p!a:e 

36 Raily telophasc Phragmop1a.t wrh the stameJ ccll plate 

37 Lale lelophsre The lcmnvnts o i  ibe plupmoplilrt are pruilmuont 

Keu TO L ~ T E R I N G  
CP , Cell Plale, CHK . Chrornoaomcs , IZF., Intrimnal fibres ; N M  . Nucleaimernbnnc; 
NU . Nucleolus ; PIIK., Phragmopiart, 1% , polar cap; PRS , Polaward reglans of the 
splndle; SP , Sptudle 


