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The ultraviolet microscope, in the present context, has been used as a high resolution 
instrument comparable to an extra lens on the visual light microscope and not, as is 
often the case, as a form of microspectrometer for the chemical identitication of cell 
components. Froin nulnerous studies by other investigators in the latter lield the power- 
ful absorption of ultraviolet light by nucleoproteins is well known. This means that the 
line details of chromosome structure are a particularly suitable tield for high power 
microscopy with ultraviolet light since the intensity of photograt>hic contrast obtainable 
by this means is comparable to that  conferred by the use of stains in visual microscopy, 
while the greater degree of oFtical resolution corresponding to the reduction of wlix'e 
length from visual light to ultraviolet permits of a virtual doubling of signilicant inagni- 
fication. This improvement is of course trifling compared with the spectacular powers 
of the electron microscope but the practical ditiiculties in the handling of the specimen 
are also correspondingly less. Except for the replacement of the human eye by the 
camera and for the greater degree of mechanical precision required in the optical equip- 
ment, ultraviolet microscopy is so like visual microscopy that the same type of 
material in ahnost the usual condition can be utilized. This means that a preparatioll 
which hits been closely studied with visual light and in which significant detail near the 
limit of optical resolution is known to exist can be transferred to the ultraviolet micro- 
scope and be re-examined with immediate clarification of view once a very few pre- 
liminary difficulties h a w  been overcome. Discussion of these difficulties and of tho 
treatment needed to circumvent them for cytological material such as that  to by 
discussed below will be found in MANTON AND SMILES (I943)" 

The observations with which this paper  is concerned were carried out in the summel s 
of 1944 and I945 after which, for leasons unconnected with the work, it had temporarily 
to be discoutinued, t tad this not occurred the particular topic of the minor spiral would 
have been developed more completely before publication was a t tempted  and some of 
the photographs which have yielded significant evidence ~ould perhaps have been 
replaced by others more perfect technically or better suited to mechanical reproduction. 
Ewm without this, however, they represent a body of new knowledge which could not 
have been obtained by the methods prevailing in I939 and since the field of enquiry 
is itself only a part  of a larger investigation which is about to be resulned under somewhat 
changed circumst antes, incompleteness in the sense of the original programme is perhaps 
unimportant.  

The fern Osmunda which has tormed the subject of three previous communication.~ 

l¢Ui'rcnccs P. .5,~'4. 
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(MANIOC, 1939; MANTON AND SMILES, 1943; MANTON, 1945 ) is the most favourable 
cytological material which has so far been encountered among the lower plants and 
though the chromosomes are both smaller in size and more numerous than those of the 
most frequently studied Dicotyledons and Monocotyledons, its systematic position as 
well as its intrinsic merits give it a particular interest. That  its intrinsic merits are not 
negligible is shown by the fact that  on certain matters,  notably the estimations of 
chromonema length at leptotene and of direction of coiling in the sister chromatids of 
a split somatic chromosome, the information available for Osmunda is more complete 
than that  for any other plant. For this reason alone the filling in of gaps in our know- 
ledge wherever possible is particularly desirable and the ultimate objective of the whole 
investigation is to integrate the facts for spiral structure, both quanti tat ive and quali- 
tative, into the morphological descriptions of mitosis and meiosis more fully than has 
previously been done. 

MATERIAL AND METHODS 

Though the methods to be used here are essentially those of MANTON AND SMILES 
(1943), some differences of detail are involved in the cytological t reatment  of a different 
tissue. In 1943 the test object was the germinating spore. In the present paper it is spore 
mother cells at the second meiotic division. The standard treatment for revealing spiral 
structure in the chromosomes of either meiotic division is to expose the living cells to 
ammonia,  either as vapour or in solution, for a few seconds before fixation. In the first 
paper of this series (MANTOX, I939) the ammonia t reatment  had been applied according 
to the method of SAX AND HUMPHREY (1934) the end product of which is a balsam mount 
stained in gentian violet. This method has now been replaced by the following. 

A fresh smear of mother cells is covered with a drop of 20% alcohol containing 
ammonia, for ten seconds, the exact strength of ammonia required being determined 
by trial. "[he ammoniated alcohol is then drained off and the cells are killed with a drop 
of acetocarmine which is almost at once replaced by a second drop to remove admixture 
with the alcohol. This reagent is then left on for long enough for the chromosomes to 
become visible and the stage and efficacy of the treatment assessed. They are then trans- 
ferred to acetic alcohol to harden. Two strengths ( I : I  and 1:3) of absolute alcohol: 
glacial acetic acid mixture are conveniently used for this purpose in the latter of which 
the preparation may remain for anything up to I2 hours. A new drop of acetocarmine 
is then put on, a coverslip is added and the preparation heated gently over a flame 
without being allowed to boil. Gentle manual pressure is then applied by passing a 
finger over a piece of blotting paper placed over the coverslip. This pressure spreads 
the contents of cells more nearly into one plane, a feature which greatly assists obser- 
vation with visual light and is indispensible with ultraviolet. At the same time the 
action of the reagent tends to enlarge all dimensions of the chromosomes without 
thereby introducing any other detectable artifact. This also facilitates observation 
although some of this enlargement is reversible and is lost when the acetic acid is 
replaced by other reagents. Once the heat and pressure have been applied the prepara- 
tion is virtually finished and it may either be examined at once with visual light, or it 
may be treated as an ordinary acetocarmine smear and transferred by stages to balsam, 
or it may be incorporated in a cellulose nitrate film and transferred bodil~ to a quartz 
slide ready for the ultraviolet microscope. The details of the latter process are giw:n in 

References p. .584. 
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.M.XN v~).', AxD SmLI.:S (Iq43) umlcr the heading of \ \ H . c u ' s  l)ur~,lix transf,,r n, , th~l.  
Before ultraviolet photography can begin the cellulose nitrat,, lihn must b,. dis>,~lv,cl 

awa\" and th.e stain as far as possible removed 1)y soal¢ing in 45 % m-,,tic a,:id..\ quartz 
coverslip is then put on and ringed with wax, the mounting nwdium being ~qthcr 45 % 
acetic acid or any other convenient transparent liquid. Sori;tl l)hot,~<r;q~hy right thwugh 
the specimen at kuowu differences of focal level, usually either ~).I or o.2,1)el  wccn c¢)ll- 
secutive exposures, then provides the entire evidence on which obst.rvati,ms are 1)a~vd. 
Igor the inaterial under discussion at polar view of a l)latc of chromosoincs may cont;dn 
anything from ten to thirty significant focal levels. For lhc iilSt working out of the 
evidence all the focal levels of a successful series art' printed by photographic enlarge- 
ment to a standard nlagnitication of three thousand diameters but for purposes of repro- 
duction in half-tone selected portions of the evidence havo becu further magnified to 
four thousaiM diameters, a degree of enlargement which represents the limit of signi- 
ficant magnitication with ultraviolet light in the sense that twt~ thousand or perhaps 
three thousand is the limit with visual light. 

The ultraviolet microscope used has been the l-Icck-B,truaM instrum,nt at the 
National [nslituh: ~or Medical Research, Hampstead, which carries Zciss quartz lenses 
computed to work with the 275o A Cadmium line supplied bv a stationary electrode 
cadmium spark source. I am deeply indebted to the MHm:M. RI.:sl..'.\I¢t'H (~t)tN(:lI. and 
to the authorities of the Institute for their generosity in receiving me as a guest whilst 
working there. I am also personally indebted to Mr. S.mL~.:S and .Xlr. \VI-LCH for technical 
hel t) in operating the instrument and to my own technical assistant 3Ir. ('L.\RK]- for 
preparing the prints for publication. I must also acknowledge the assistance from the 
ROYAL .~OCIETY Of a small grant towards the cost of frequent journeys to l.o,Mon, 
which I hekl during Iq44 and 1945. 

THE MINOR SPIRAl.  

The minor spiral in the present context means the spiral revealed by ammonia 
treatment in the chromosomes of the second meiotic division. In Osmumta as in many 
other plants this spiral differs from that at the first meiotic division (the major spiral) 
by being narrower in diameter and having a larger number of gyres. It also differs from 
the spiral of a somatic chromosome in having a smaller number of gyres and therefore 
it is perhaps important to emphasize the limitation which will be put on the word 
"minor". It has sometimes by other writers been loosely applied to any manifestation 
of spiral structure other than the major coil of the first meiotic division; it will, however, 
on this occasion be strictly confined to the spiral of the second meiotic division only. 

A difference in the number of gyres and in diameter, between the spirals at tile two 
meiotic divisions is a very usual though not a universal feature in plants (exceptions 
include Trillium and Vicia). Some idea of the extent of the dittercnce may be obtained 
by a glance at Figs 1--4, which show major and minor spirals in two well known organ- 
isms Tradescantia virginiana and Osmunda regalis, in each case photographed with 
visual light from a preparation stained in gentian violet after the standard pretreatment 
of SAX AXD HL'.~IPHREY (1934). The photographs are all at the same magnitication 
( / 3ooo) for the sake of comparability. This degree of enlargement is clearly excessiw~' 
for the very large chromosomes of "l'radescantia (Figs  I a n d  2) but is necessary for effec- 
tive reproduction of the essential details of the smallest object, the minor spiral ot 

l , ' ( l~re  m c s  p .  5 S 4  . 
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Fig. I. Tradescantia virginiana the  ma jo r  spiral 
pho tographed  with visual  l ight  from a ba l sam m o u n t  
s ta ined  in gen t i an  violet, X 300o. Two focal levels of 
an  unpai red  ch romosome  with an optical  section of a 

ring pair above.  

Fig. 2. Tile same showing the  minor  
spiral at  a n a p h a s e  of the  second meiotic 
division, for compar i son  of size with 

Osm u nda. 

Fig. 3. Osmunda regalis t he  ma jo r  
spiral, t r e a t m e n t  and  magnifica-  

t ion as in Fig. r. 

Fig. 4. The  same  showing  the  
minor  spiral (after MANTON, I939). 

Osmunda in Fig. 4. These four figures express not merely the relative difference between 
maior and minor spirals in the same plant but also the permanent differences of size 
between the two species. In both, the major spiral falls easily within the province of 
visual microscopy. In Osmunda, however, the minor spiral is so near to the limit of 
resolution that the need for special methods for observing it is at once apparent. That 
even with the new methods the minor spiral of Osmunda remains uncomfortably small 
cannot be denied but comparison of Figs 7 and 9 (et seq.) both with each other and with 
Figs 2 and 4 respectively will show that the technical improvement though not unlimited 
is sufficiently definite to make all the difference to the study of this particular problem. 

CONVENTIONS REGARDING DIRECrlON OF COILING 

Direction of coiling does not figure largely in the new evidence although some 
understanding of it is essential, for the reason that unless direction can be demon- 
strated, in parts at least of the chromosomes under observation, it cannot be certainly 
known that the features observed are really parts of a spiral. For this reason a word 
may perhaps be said regarding the conventions used for expressing direction. 

As on the previous occasion (MANTON AND SMILES, 1943) the meanings attached 
to the words right-handed spiral and left-handed spiral will be those of the physical 
sciences and not those of the biological sciences which use the words in an exactly 
inverse sense. In the physical sciences a right-handed spiral is that of the ordinary 
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carl 'enteI 's  screw and an example of it is visible in l;ig. ~ in which (a) is the upper focus 
and (b) the lower. Had (b) been the upper surface and (:,) the lowt.r the spiial would 
h a v e  b,. 'en l e f t - h a n d e d .  

Other examples of right-handed spirals are the two marked chronlali(ts (if the right 
hand central chromosome of trigs 7' a-d in Tradcsca~zlia, while a h'/t-h:lndcd spiral in 
the smaller (:hromosom(,s of Osmumta may be seen in the marked chroi~losonl(' at t i l t '  

bot tom of Figs ()a aim b. A very clear example of c~ cDang'c of direction ma\" 1)e seen in 
the lower ehromat id  of the left-hand central chromosome o£ f igs  7 a <uld b and other 
examt)l('s of all these phenomena will be discussed below. 

MoRPH()I.()GX." O F  ( 'HR()MOSOMES AT "lItl.'. SF.('ONI) ] )IVISION IN O s ) # l l l l l ( t ¢ l  

A glance at Figs 5, {) altd 8 will suthciently explain the inori)tlology of the t:hr,mm- 
seines of Osmz4mta in features other than spiral structure.  At the end of an:q)hase 
(Fig. ()) the haploict comi)lement of 22 rod shaped chromosomes of very unifornl size 
and shape is easily seen, the position of the celitromere in all but  one of the chromoSOlneS 
being approximate ly  terminal. The position of the centromere is bet ter  seen at recta- 
phase since it is then revealed as the place at which the otherwise widely diverging 
cbromatids  are at tached.  In 7"radcscantia the median centromeres give the second divi- 
sion chromosomes at metaphase an X shape (Fig. 7). In Osmumta with terminal cen- 
tromeres the shape approximates  to that  of a V as may  be seen in parts  of Fig. 5 and 
again in Fig. 8 and subsequently.  The only chromosome in Osmuuda possessing a more 
nearly median centromere is that  numbered 2 in l;ig. 8. This is also the chromosome 
previously used for demonstrat ion of the minor spiral in Fig. 4 from which it is clear 
tha t  the short arm is about hal{ the length of the long one. This chromosome is of im- 
portance because it is the only one in the haploid complement  which can be separately 

h'~LlT'r< i.'~ ~'~ i L 5 's I. 
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Fig. 7. Tmdescantia virginiana. High power U.V. p h o t o g r a p h s  of the  minor  spiral  × 4ooo. Four  
focal levels 0. 4 p a p a r t  showing  detai ls  of direction of coiling in pa r t s  of two ch romosomes .  In  the  
r i gh t -hand  centra l  ch romosome  both  ch roma t i d s  are coiled in r i gh t -handed  spiral  f rom the  cen t romere  
to the  r i gh t -hand  end.  T he  l e f t -hand  centra l  ch romosome  shows  a change  of d i rect ion in the  lower 

chromat id .  Fig. a the  top  focus, Fig. d the  bo t tom.  (Series xo 5 exposures  3a, 4a, 4b, 5b). 
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identified, the shapes of all the others being so nmch alike as to make, th.,,in fi,r t)rm'tical 
purposes indistinguishable. 

If half-chromosomes (chromatids) only are considered close coInt)arison between 
Figs 5 and 6 will make cle.ar another detail of difference, this time butxvet'n <~rlv and 
late stages of the second division. At early metaphase (Fig. 5) the chromatids are rela- 
tively longer and thinner than they appear to be at anaphase (Fig. ~,) and this difference 
can be shown to be caused by changes occurring during metaphase itself, early stages 
such as Fig. 8 being like Fig. 5, but late stages of metaphase such as those of Figs ~0 .IS 
being indistinguishable from anaphase except for the position of the chromatids on tile 
spindle, l)emonstration that the basis of this apparent change of dimensions lies in a 
change in the numbm and size of the gyres of spiral structure is the main lmrtn~se of 
this paper. It is, however, important to notice that the, difference can be demonstrated 
by all the more usual cytological techniques which do not directly reveal the spiral 
and there can therefore be no question that the apI)earance is :~n artifact. 

THE .MINOR SPIRAL AT EARLY METAPI tASE 

A general view of the cell from which the best evidence on the early state of th,' 
spiral has been derived has already been introduced as Fig. 8 and some enlarged details 
of individual chromosomes will now be discussed. 

Chromosome I (Figs 9 and IO) provides a useful introduction to the spiral and two 
focal levels of it are reproduced in two types of print in the hope that the necessary du- 
tails will survive mechanical reproduction in one or other if not in both. Fig. 0, on the 
left of the page, shows two views in ordinary photographic enlargements at a magui- 
fication of four thousand diameters, the upper focal level, l"ig. 9 a being uppernmst ,m 
the page. Fig. IO, on the right of the page, shows the same two focal levels in negatiw~ 
prints, the image of these being reversed since the negative print is obtained by contact 
from the positive. In all four prints the upper chromatid is uninterpretable but the lower 
is far better. It contains about 14 gyres which are fairly evenly coiled in a direction 
which, for a considerable distance, can be diagnosed as right handed. Of the two focal 
levels required for determination of direction the lower, Fig. b, is the more distinct 
trot in both views the direction of slope of the. gyres is unequiwmal and is indicated by 
the angle at which the arrows have been drawn in Figs 9a and b. 

l¢@'rc*~c,'s p. .5,~4. 
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Fig. 9. Detail of chromosome I. High 
power U.V. × 4000. Two focal levels 
0. 4 p apart .  The lower chromatid alone 
interpretable, with about  14 gyres of a 
r ight handed spiral. (Series IO2 expo- 

sures 3 a, 4b). 

-Fig. io. The same as the preceding but  
negative print  and therefore inverted. 

Fig. i i. Detail of chromosome 2 to show aproximate  number  of gyres in the same chromosome as tha t  
of Fig. 4. The long arm (Fig. c) has ten gyres, the short  arm (Fig. a and b) has four. High power U.V. 

photograph × 4o00. (Series to2 exposures 2a, 3 b, 9a). 

Chromosome 2 (Fig. I I )  is less perfect than the preceding and direction of coiling 
can at no point be determined in it. The number of gyres, however, can be determined 
fairly clearly in the long arm (Fig. c) and approximately in the short arm, the two 
chromatids of which are contained in Figs a and b. This chromosome is of interest 
because it is identifiable by the relative length of the short arm as the same individual 
as that  already described on p. 574 and in Fig. 4. In comparison with Fig. 4, however, 
the gyres are very nearly twice as numerous, there being IO instead of 5 in the long arm 
and 4-5 instead of 3 in the short. This represents a total of 14-15 gyres in the whole 
chromosome instead of the 8 recorded in Fig. 4- 

That  all the other chromosomes present have numbers of gyres of the sa~e  order 
is perhaps demonstrated by Fig. 12 which shows an enlarged view of a considerable 
portion of the left hand nucleus of Fig. 8, some additional details of which appear in 
Figs 13, 14 and 15. 
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Fig.  13 . T h r e e  focal  l eve l s  o. 4 p a p a r t  to s h o w  d i r e c t i o n  eft co i l i ng  a t  the  d i s t a l  e n d s  of the  tw~  
c h r o m a t i d s  of c h r o m o s o m e  3. Inl~ l ines  m a r k  t he  s lope  of t he  gyres .  FiR a is the  t , , p - m o s t  fi ,cus. 

D i r e c t i o n  is o p p o s i t e  in l he  two  c h r o m a t i d s .  × .ttmo (Series  roz  e x p o s u r e s  14b, i r a ,  *)b). 
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Fig. 14. Four  focal levels 0. 4 . apar t  to show direction of coiling in the distal ends on the two 
chromat ids  of chromosome 4. Ink lines mark the slope of the gyres. Fig. a is the uppermos t  focus, 
the rest serialh'. Direction is similar in the two chrnmatids.  × 4o0o. (Series io- exposures 

7b, 9b, l ib, x3b). 

r ; 

Fig. r 5. Detai ls  of chromosome  5. U.V. × 4000, six focal levels o.t  p apart  Fig. a the  highest  
Fig. f the lowest .  The upper chromat id  conta ins  two changes  of direction,  the  lower chromat id  
is uninterpretable  except  for two  gyres  at the centromere  end. (Series ioa  exposures  6a--9a). 
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Fig. I6.  L a t e  m c t a p h a s c  of  t h e  
second division in O..m.~*da, t w o  
focal levels of parts of o n e  cell 
l ~ h o t o g r a p h e d  w i t h  v i s u a l  l ight 
"< 2ooo  to  Show redtlctioll of 111.1111- 
h e r  of gyres per chl'oITl(ISOlrle. 
D e t a i l  of  o n e  ch r~m~osome \ ' i s ibh '  

in Fig. 17. 

Fi/ .  wT". l)t.tail, ,f~mt, c h r . m , ~ ¢ . n ,  fr, ,ml..hl¢,fl . ' iM, i¢,b 
h i g h  p.wer I ' .V .  p h ~ t o g r ; u ) h  ' i,,¢u~. Tht .  b l u r r e d  o u l -  
line ix d u e  t -  a n  - p a c i l y  ,,f t h e  t ' y t , @ a ~ m  prodttct.d 
unintent ional ly  b v  t r e a l l l l e n t  ~xith c l o v e  oil. T h e  rt.- 
d t l c e d  n l l l l ] t i l , r  (if  ~ y l ' e s  alltl lhp illt'l'l'~ts( d dianleter ( f  
t h e  coil  in c o l n l ) a r i s o n  w i t h  t h e  car l i t , r  s l a t e  ix l~lc\'u! "- 

thclt.ss \isiblc.. (~'I'it's ~,~, t.xl)l>SllFt. I;1). 

a, b 

Fig. iS.  T w o  focal levels thr(mgh sister nuclei at late mctaphase  of  the'  s v c o n d  meiotic  division in 
Osmunda to show reduced number  of  g.vrcs.  V i sua l  l i g h t  p h t : t o g r a p ! ~ s  '< 2ooo. 

Figs 13 and 14 are inserted primarily for further details of direction of coiling. In 
Fig. 13 three focal levels through chromosome 3 are represented from which direction 
call be determiued in the last two gyres of both chromatids. In the left hand chro- 
matid (Figs 13 a and b) these coils are left-handed but in the right hand chromatid 
(Vigs 13 b and c) they are right-handed; these two chromatids are therefore coiled 
in opposite directions. In Fig. 14, chromosome 4 shows exactly the inverse condition; 
the distal portions of the two chromatids are similarly coiled, namely in a left-handed 
direction. 

That changes of direct:an can occur along the length of a chromosome can be 
shown in Osmunda no less certainly than in Tradcscantia although the best single 
example from the point of view of reproducible clarity belongs to a cell at a slightly 

R~'ferem,'s ft. 584. 
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Fig. I9. Two focal levels 0. 4 u apart through one of the 
nuclei of the preceding specimen, U.V. photograph × 
4ooo. A change of direction very distinctly shown in the 
chromosome marked by the arrow, especially in the 
lower focal level (Fig. b). (Series 6 7 exposures 4a, 5b)" 

Fig. 20. Anaphase chromosomes from 
the same preparation as Fig. 17 with 
gyres of a right-handed spiral visible 
opposite the ink lines. U.V. photograph 
× 4o0o. (Series 72 exposures Ila,  I2b). 

b 

Fig. 2I. Anaphase at the same stage as the preceding in another preparation. Two focal levels 
photographed with visual light × 2ooo to show reduced number of gyres as in Fig. 4 and Fig. 20. 

la te r  s tage than  the one under  discussion. I t  may,  however,  be helpful to look at  the 
ma~ked chromat id  of Fig. 19 and  to compare  it wi th  the m a r k e d  ch romat id  of Figs 7a 
and  b. In  both  cases the dead  point  of a change of direct ion appears  in one focal level 
and the in tervening  lines in the o ther ;  bo th  levels being of course requi red  for full 
demons t r a t ion  of the change. In  the  Tr ades can t i a  chromosome it so happens  tha t  the 
view conta in ing  the dead  po in t  is the  upper  focal level (Fig. 7a). In  the Osrnunda 

chromosome the comparab le  view is the lower focal level (Fig. I9b  ), the  lines joining 
the dead  poin t  to the gyres  on the two sides of it being visible in Fig. i9a.  

Comparable  evidence of changes of direct ion in the cell of Fig. 8 is con ta ined  in 
Fig. 15 a l though the pho tographs  are more difficult to reproduce.  The sequence  of 
pho tog raphs  in this  case represents  differences of focal level of o . I / t  and  as before the  
significant direct ions are ind ica ted  by  arrows drawn paral le l  to the slope of the  gyres.  
The  lower ch roma t id  is un in te rp re tab le  except  for two gyres  near  the  cent romere  which 
are coiled in a r igh t -handed  direct ion (Fig. 15 d-f) .  The upper  ch roma t id  can, however,  
be ana lysed  for a lmost  i ts ent i re  length,  a t  least  in the  original  pr ints .  At  the cent romere  
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end (l:igs :5 a and d) it is also right-handed but about a third of the way down the' chr,>- 
mosome direction changes and the middle region of about four gyr,'s is lcft-han&~d afl cr 
which direction changes again. The distal end of this chromatid cannot be ch,arh" deter- 
mined but the total number of gyres in its whole length is again of the order of 14. 

T H E  M I N O R  S P I R A L  A T  L A T E  M E T A P H A S E  A N D  A N A P t I A S E  

Late metaphase is represented here by two cells both of which were obtained rather 
early in the work before great experience had been gained with the ultraviolet micro- 
scope. Both were studied in a preliminary way with visual ligtlt, some photographs 
being reproduced in Figs I0a and b and I8a and b. In both cases the transfer to a 
quartz slide was made without mishap but subsequent photography was somewhat 
marred by technical mistakes which were later avoided. In particular the use of clove 
oil as a medium for preliminary" observation with visual light though successful tor that 
purpose as Fig. I6 will illustrate has a deplorable effect on subsequent transparency to 
ultraviolet and the mistiness of Fig. I7 caused by the opacity of the cytoplasm was 
wholely due to this treatment.  

Owing to these and other defects the ultraviolet pictures (Figs 17 and 19) of late 
metaphase arc less informative than would otherwise have been the case although, in 
default of better, they have some value for purposes of comparison with the earlier 
stage. Tile visual light photographs (Figs 16 and 18) are, however, more extensively 
reproduced since, for many purposes they are the more informative. In particular the 
demonstration of the number of gyres per chromosome is best obtained from these 
photographs. This number, as may l)e seen in several places in Figs I6 and 18 is not 
more than 8 per chroinatid and in some chromosomes may be slightly less. hi the ultra- 
violet photographs, even that of Vig. 17, this number of gyres is faintly discernible al- 
though these photographs are of greater interest for the comparison they give of t|le 
diameter of the spiral at late metaphase; in contrast to the earlier stage of Fig. 15, etc., 
it is markedly wider. 

The anaphase condition is represented in visual light by Fig. 21 and in ultraviolet 
by Fig. 2o. The two views of one cell contained in Fig. 21 corot)are directly with the 
isolated chromosome of Irig. 4 with the addition that the chromosomes in Fig. 20 ;.tre 
seen in position at the poles. Fig. 2I on the other hand is the only ultraviolet series 
yet obtained of this stage. I t  is from another cell in the same preparation as that of 
Figs I8 and I(1 and although far from perfect it is just possible to determine direction 
of coiling in the distal end of the topmost chromosome and the number of gyres (appro- 
ximately 8) in the lowermost chromosome. The diameter in all three of these chromoso- 
mes contrasts strikingly with the much narrower condition of the spiral in Fig. 15, etc. 

D I S C U S S I O N  

It would therefore seem that the gyres of spiral structure are not constant through 
the whole of a division but that they are reduced in number and increased in diameter as 
the division proceeds. At iirst sight this is a very peculiar type of development for which 
a causal mechanism is by no means self evident, yet it is a phenomenon which has been 
described by other workers, notably by SWANSON (I942, I943) for the tirst meiotic 
division and the pollen tube mitosis in Tradescantia, and also by SPARROW (r942) for 

RoTcremes p. .5," I. 



VOL. 3 (1949) THF MINOR SPIRAL OF CHROMOSOMES IN Osmunda 583 

the pollen grain mitosis of Tri l l ium.  Its detection now in the second meiotic division 
of Osmunda suggests that it is a general and perhaps an essential feature of the spiializa- 
tion cycle over a very large part of the plant kingdom. 

It is not profitable at this stage to enquire fully into the interpretation of these facts 
since it is hoped to amplify them shortly in several directions. One special aspect of the 
problem should, however, perhaps be given brief mention to avoid the risk of profitless 
speculation; this is the question of chromonema length. In earlier communications 
(especially MANTON, 1939 and 1945) some fairly precise numerical comparisons of 
chromonema length were made between a limited number of selected stages of mitosis 
and meiosis in Osmunda. From this it was shown that very considerable changes of 
length occur during the prophases of the first meiotic division, of a kind which 
could not be detected in the course of a somatic division. These need not be further 
discussed here since the present communication does not specifically deal with either 
of the particular divisions referred to; the previous observation that the chromonema 
at leptotene or early pachytene is four times as long as it appears to be at the fully 
spiralized stages of late metaphase or anaphase of either meiotic division is therefore 
unaffected. When however the comparison is extended to include the early stages of 
the second meiotic division it might be asked whether, for this division, some modifi- 
cation of the previous position might be required. 

Without attempting a final answer to this question at the present stage, it may 
nevertheless be said at once that such evidence as is available is negative. The accurate 
measurement of chromosome diameter, which is essential for calculation of chromonema 
length in the fully spiralized condition, is impossible with the paiticular techniques used 
here since these are known to introduce artificial changes which cannot be precisely 
allowed for. Rough comparisons however, which can for example be made between 
any of the Figs 9-15 and Figs 17, 19, or 20 show that as gyre number is approximately 
halved the diameter of the spiral is approximately doubled, indicating either no change 
in chromonema length as gyres are eliminated or at most only a slight shrinkage, too 
small to be registered with the existing methods and certainly less than 50°o. It seems 
therefore necessary to conclude not only that there is so far no conflict between the new 
data and previous conclusions for this organisms but also that some physical property 
other than changes of chromonema length must be primarily involved in the causal 
mechanism of gyre elimination. 

SUMMARY 

A reduction of the number  of gyres per chromosome has been demonstra ted  to occur during the 
course of the second meiotic division in Osmunda, from approximately  14 at early mctaphase  to 
approximate ly  8 at  late metaphase  and anaphase.  

The diameter  of the coil increases as the number  of gyres is reduced which suggests tha t  large 
changes of chromonema length are not involved. 

Direction of coiling has been studied in a preliminary way as a necessary par t  of the demon- 
s t ra t ion  of the reality of the spiral at  the various stages. Right-handed and left-handed directions 
have both  been found and corresponding par ts  of at tached chromat ids  can be coiled either in similar 
or in opposite directions. Changes of direction can occur more than  once along a chromosome arm. 

R#-SUM~ 

On a d~montr6 qu'il  se produi t  une diminution du nombre  des cerclcs par  chromosome pendant  
la durde de la seconde division m~iotique dans Osmunda. Ct nombre  passe d 'environ 14 au d6but de la 
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mdtaphase & environ 8 & la tin de la mt}taphase et it l 'anaphase.  Lc dialn~:trc dc l 'cnrouh:mellt augim.tltc 
lorsqne lc hombre  de ccrcles diminue, ce qui permet  de penser qu'il ne se pmdui t  pas ,It' gramlvs 
variations dans la longucur dos chromon(.mcs, l.a direction de l't.nrcmh'mt,nt :t dtd d~udidc ,!'urn. 
manidrc prdliminaire comme une phase ndccssairc tic la ddmonstrat ion de la r&tlitd (h' la ~.pir;th. aux 
diffdrcnts stacles. On a trouvd des cnroulements  h droite ct des enr<n,h.mcnts h gaucht,, t.t ,h.s unrtic.~ 
corrcspondantes  de chromatidcs lids peuvent  dtrc cnrouldcs, soit tlans une dirvction similairc, s(,it dan,, 
une direct ion opposde. Des chan~ements de direct ion pcuvcnt st, pr~duirt ' phls d'utu' h~is h' Ion~ d'u:w 
branche de chromosomv. 

ZIJ S.\.M M I.; N t:ASSU N( ; 

l'.'s wt, rde bcwiesen, class w~.hrcnd der zweiten mciotischcn "I*¢.iluiig~ in (.)smunda die :\nzahl ,let 
\Vindungcn per Chromosom abnimrnt,  und zwar yon unvefiihr 1. t zn i'¢eginn dvr . \naphase  his etw0. 
8 am Ende tier 31etaphase und withrend dcr Anaphase.  

Der l)urchinesser des Kn/iuels n immt  zu, wiihrcml die Zahl dcr \Vindungvn abnimmt,  was dar;m f 
schliessen 15.sst, class (lie Chromonemaliinge nicht stark vcriindcrt wird. 

Eine vorl~iufige Untersuchung der \Vickhmgsrichtung xvurde un te rnommen,  da sic cinen not- 
wendigen TciI des Bcweises zur Existenz yon Spiralen in den verschicdenen Stadien bildet, l'.'s wurden 
sowohl \Vickhmgcn nach rechts wie nach links bt.obachtct und cinander cntsprcclwnde Teile yon 
zusammenhf ingenden Chromat iden kdnnen entwcder  gleichsinnig oder cntgegcngesetzt  gcwickelt 
scin. l~.ntlang cintra Chromosomarm kann lilt!hi" als t'inmal l¢ichtungswcchsel eintretcm 
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