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L o p e r ,  C . L ., S t e i d i n g e r ,  K. A. & W a l k e r ,  L . M. 1980. A sim p le  chrom osom e 
sp read  tech n iq u e  for unarm ored  d inoflagellates an d  im plications o f  po lyp lo idy  in  algal 
cu ltu res . Trans. A m er. M icros. Soc., 99: 343-346. C hrom osom e counts can b e  u sed  to 
verify  stages o f d inoflagellate  life  cycles. H ow ever, standard  chrom osom e tech n iq u es  
do no t work w ell w ith  d ino flagella te  n u c le i. A sim ple  m ethod  invo lv ing  cell lysis, heat, 
d esiccation , and  sta in ing  has b e e n  effective  for P tychod iscus brevis  (D avis) S te id inger. 
T w o vegeta tive  count ranges w ere  d e te rm in e d  w ith  th is tech n iq u e : (1) a  hap lo id  n u m b er 
o f 121 ± 3 for field  and  recen t cu ltu re  spec im ens; an d  (2) a d ip lo id  n u m b er of 240 ±  6 
for a 25-year old cu ltu re. T h e  la tte r  p robab ly  is a re su lt o f  au to d ip lo idy  d u rin g  ex ten d ed  
cu ltu re  conditions. Po lyp lo idy  m ay b e  occurring  in  m any lo n g -estab lished  algal cu ltu res ; 
th ere fo re , the g enetic  sta tus o f p re se n t cu ltu re  co llections shou ld  b e  d e te rm in e d  and  
stocks perh ap s rep laced .

In  the  study of hap lon t d inoflagellate life cycles, isom orphic hap lo id  and 
d ip lo id  stages, and other h e te ro p lo id  conditions, som etim es m ust be d istin ­
gu ished . C hrom osom e squashes, or spreads, can b e  used  to d e tec t or verify: 
(1) planozygotes and  hypnozygotes in cu ltu re , if the  progressive seq u en ce  
was no t observed; and (2) po lyplo idy , aneup lo idy , or o ther chrom osom al ir­
regu larities. T he  sexual cycle, com m encing  w ith  gam ete p roduction , may be 
difficult to d e tec t because  the  seq u en ce  lead ing  to planozygote form ation is 
short-lived ; m any species are isogam ous, and  vegeta tive and  reproductive 
cells m ay be ind istingu ishab le . A dditionally , although over 70 extant b en th ic  
d inocysts have b een  d esc rib ed  as resting  stages, th e ir role in dinoflagellate 
life h istories is not clear b ecau se  few  have b ee n  verified  as hypnozygotes or 
asexual cy'sts.

A rap id  tech n iq u e  th a t p roduces w ell-sp read  chrom osom es for easy7 coun t­
ing w ould  be  advantageous in  d inoflagellate studies. S tandard tech n iq u es 
(S underland , 1973; B erlyn & M iksche, 1976), how ever, do not work w ell w ith 
m any dinoflagellate chrom osom es, and  basic counts in  one p lan e , or from one 
photom icrograph, are often difficult if no t im possib le to perform . C hrom o­
som e counts or count ranges are availab le  for only7 abou t 45 spec ies (D odge, 
1963; L oeblich , 1976), and  this low  n u m b er probably  reflects d ifficulties in 
te ch n iq u e  ra ther than lack o f in terest.

A sim ple tech n iq u e  for chrom osom e quantification is p resen ted . U sing this 
tech n iq u e , we observed  u n ex p ec ted  d ip lo idy  in one o f our long-term  isolates, 
w h ich  suggests that po lyplo idy  occurred  u n d e r culture conditions.

M a t e r i a l s  a n d  M e t h o d s

T he procedure  involves ce ll lysis to free the  nucleus, desiccation  u n d er 
h ea t to free, spread, and fix th e  chrom osom es, follow ed by  standard  stain ing
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of DNA. N e ith er the  initial m aterial nor the  final chrom osom e spread  m ust 
be chem ically  prefixed or p reserved .

T he  chrom osom e spreads are p repared  by th e  follow ing m ethod. M aintain 
a dry ing  oven at a constan t tem pera tu re  o f 49.5°C. P u t one drop o f concen­
trated  cu ltu re  m aterial on a saliva-cleaned 76.2 x 25.4 m m  (3 x  1") m icro­
scope slide. Add one or tw o drops o f hot d is tilled  w ater (49.5°C), and spread  
the drop leng thw ise  over m ost o f slide. Surface area is critical because  it 
affects th e  desiccation  rate. P lace the  slide across the  rim  o f a b eak er in  the 
oven and  le t w ater evaporate un til the  slide is ju s t dry (usually  abou t 15 min). 
Add th ree  or four drops o f acetocarm ine w orking so lu tion  (H um ason, 1972), 
spread  the  solution over the  slide, d ra in  excess, and  allow  th e  slide to air dry 
again. R inse the  slide gen tly  in d istilled  w ater and  air dry. O bserve the  m a­
terial w ith  phase contrast and  photograph. M ounting  in  a m edium  can in­
crease reso lu tion , b u t th is is no t recom m ended  because  it can d isp lace chro­
m osom es to low er th e  reco rded  count.

P rin t the  photom icrographs on 8 x 10" paper an d  gloss. T o  coun t the chro­
m osom es, draw  a p en c il lin e  over each one, an d  tally  on a han d  counter. 
W hen fin ished, h o ld  the  p rin t horizontal to eye level to d e te rm in e  if any  of 
the  chrom osom es have b ee n  overlooked.

E ven  w ith  this m ethod , a range o f counts w ill result. Sm all variations in 
counts can be  a ttrib u ted  to overlapping  chrom osom es, lost chrom osom es, 
coun t errors, u n eq u a l m itosis (nondisjunction), or fragm entation. H ow ever, 
fragm entation w ith  this te ch n iq u e  was low. C om parison b e tw een  the  m eans 
o f hap lo id  and  d ip lo id  cells and  associated  low  standard  dev iations support 
this. A confidence in terval statistic (C l) should  be  u sed  to express the  pop­
u lation m ean and standard  erro r (S teel & T orrie , 1960). T h e  standard  erro r is 
low er w ith m ore rep licates. N ot all nuclei in  any  one p repara tion  w ill spread  
fully. O ften w ith in  a sing le spread , ou ter chrom osom es w ill b e  d istinc t and 
separated , w hile  in n e r ones m ay b e  clum ped. C ounts shou ld  be  done only- 
on m aterial w here  th e  sp read  is com plete. W ith th is tech n iq u e , chrom osom es 
may stre tch  and appear as those  illustra ted  by H aapala & Soyer (1974).

R e s u l t s  a n d  D i s c u s s i o n

T he chrom osom e spread  tech n iq u e  d esc rib ed  h ere  was d esig n ed  for P ty­
chodiscus brevis  (Davis) S te id inger to aid  in  th e  study  o f its sexual life cycle. 
N evertheless, th e  te ch n iq u e  m ay be app licab le  to o ther d inoflagellates, and 
even  to b en th ic  cysts w ith  m odifications to the  basic  p rocedure ; e.g., isolation 
o f spheroplasts (A dam ich & S w eeney, 1976), or w hole nucle i (M endolia et 
ah, 1966), and  p erhaps enzym atic or physical d isrup tion  o f the  n u c lea r en­
velope.

A 1953 clonal P tychodiscus brevis  isolate (provided  by W. B. W ilson, Texas 
A. & M. U niversity) had  a chrom osom e coun t o f 240 ±  6 at the  95% C l, n = 
25, (Fig. 1). A nonclonal 1974 isolate (L. S. T ester, F lo rida  D ep artm en t of 
Natural R esources) had  a chrom osom e coun t o f 121 ± 3 a t the  95% C l, n = 
25, (Fig. 2). Both isolates w ere  from F lorida w est coast neritic  w aters during  
red  tides. Tw o 1976 isolates y ie ld ed  counts w ith in  the  range o f th e  1974 
isolates, as d id  field  specim ens from the  1976 and 1977 red  tide  outbreaks.

W e in te rp re t th e  121 ±  3 coun t as rep resen ta tive  of a haplo id  cell, a n d  the 
240 ± 6 as rep resen ta tiv e  o f a d ip lo id  cell. H ow ever, our research  indicates
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FlG. 1. C hrom osom e sp read  o f th e  d ip lo id  P tychodiscus b rev is  1953 isolate. Scale bar re p ­
resen ts 20 fxm. F ig . 2. C hrom osom e sp read  o f th e  hap lo id  P tychod iscus b rev is  1974 isolate. 
Scale bar rep resen ts  20 /xm.

that the  d ip lo id  coun t rep resen ted  vegeta tive cells, not planozygotes or d i­
v id ing cells. C ells w ere harvested  in the  light perio d  (10:14 L D  cycle) fol­
low ing m itotic div isions, and  w ere sam pled  over a perio d  o f one year from 
log and stationary cu ltu res. P lanozygotes, as the  only cell type, w ould  not be 
expected  for that duration  u n d e r th ese  conditions. Fusion of gam etes was 
never d e tec ted  in  the  1953 iso late u n d er varied  in d u cem en t regim es. Con- 
trarily, fusion o f isogam etes and  p roduction  o f zygotes has b ee n  observed  in 
the  1974 isolate.

B ased on th ese  resu lts, w e b e liev e  that the d ip lo id  cell type rep resen ts  a 
form of autodip lo idy , an d  th a t the  haploid  cell from recen t cu ltu re  isolates 
and field  specim ens rep resen ts  norm al vegeta tive m aterial. D inoflagellates 
are haplonts (cf. S te id inger, 1975; L oeblich , 1976), th ere  b e in g  only one 
know n exception, and  therefo re  m eiosis is zygotic.

C hrom osom al po lyplo idy  in algae (e.g., C ryptophyceae, E ug lenophyceae , 
D inophyceae) has long b ee n  postu la ted  (G odw ard, 1966; L eed ale , 1966) on 
the  basis o f h igh chrom osom e num bers, and  in one class on v iab ility  o f daugh­
te r cells after am itotic d iv ision. A bnorm al m itosis or incom plete  cytokinesis 
du e  to chem ical m utagens (e.g., colchicine), v iruses, tem pera tu re  shock, 
and  spontaneous m utation  has in d u ced  docum en ted  po lyplo idy  in p lants 
(C ooper e t al., 1964; Kao e t  al., 1970; Grant, 1971; S underland , 1973; Yeoman 
& Street, 1973; D ’Amato, 1975). Polyploidy also may be  associa ted  w ith  long­
term  cu ltu res (Cohn, 1964; C ooper e t al., 1964; G odw ard, 1966; H e in z  e t  al., 
1969; S underland , 1973). C ohn (1964, p. 285) stated  that “ . . . R ecen t findings 
support the  in terp re ta tion  th a t po lyplo idy  or aneup lo idy  in a ce ll cu ltu re  is 
a po ten tial consequence  or charac teristic  o f neoplastic grow th . . . .” I f  poly­
p loidy or polyploid  an eup lo idy  is a po ten tia l consequence o f cu ltu ring  tissue 
or single cells, th en  u se  o f cu ltu re  isolates over an experim entally  d e term in ed  
age should  be  avoided , and  cu ltu res in collections should  be  rep laced  w ith 
recen t isolates. Very few  data exist on physiological, u ltrastructu ral, or mor-
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phological changes in d u ced  by  dip lo idy  or po lyp lo idy  in m icroalgae, al­
though m ore inform ation is available for vascu lar p lants.

L i t e r a t u r e  C i t e d

A d a m ic h , M . & S w e e n e y ,  B. M . 1976. T h e  p re p a ra t io n  a n d  c h a ra c te r iz a t io n  o f  G onyaulax  
s p h e ro p la s ts .  Planta  (B e rlin i, 130: 1 -6 .

B e r ly n ,  G. P. & MlKSCHE, J. P. 1976. B otanica l M icro tech n iq u e  an d  C y to ch em is try . Iow a 
S ta te  U niv. Press, Am es, Iow a. 326 pp.

COHN, N. S. 1964. E lem en ts  o f  C yto logy. H arcourt, Brace &  W orld, N ew  York. 368 pp.
C o o p e r ,  L . S., C o o p e r ,  D . C ., H i l d e r b r a n d t ,  A. C . & R i k e r ,  A. J. 1964. C h ro m o so m e  n u m ­

b e r s  in  s in g le  c e l l  c lo n e s  o f  to b a c c o  tis s u e . A m er. J. B o t.,  51: 2 8 4 -2 9 0 .
D ’A m a to , F . 1975. T h e  prob lem  o f g enetic  stab ility  in p lan t tis su e  and  cell cu ltu re . In  F rankei, 

O. H . & H aw kes, J. G., eds., C rop G enetic  Resources f o r  Today an d  T om orrow . C am bridge 
U niv. P ress , C am bridge, pp . 333-348.

D o d g e ,  J. D. 1963. C hrom osom e n um bers in som e m arine  d inoflagellates. B ot. M ar., 5: 121— 
127.

G o d w a r d ,  M. B. E. 1966. T h e  C ryptophyceae. In  G odw ard, M. B. E ., ed ., T h e  C hrom osom es  
o f  th e  A lgae . St. M artin ’s P ress , N ew  York, p. 117.

G r a n t ,  V. 1971. P lant Spécia tion . C o lum bia  Univ. Press, N ew  York. 435 pp .
H a a p a l a ,  D. K. & S o y e r ,  M. O. 1974. E ffect o f  a lkali-u rea  trea tm en t on d inoflagellate  chro­

m osom es. H ered itas , 78: 295-298.
H e in z ,  D. J., M e e ,  C. W. P. & N i c k e l l ,  L. G. 1969. C hrom osom e num bers o f som e Saccharum  

sp ec ies h y b rid s an d  th e ir  cell susp en sio n  cu ltu res . A m er. J. B ot., 56: 450-A56.
H u m a s o n , G. L. 1972. A n im a l T issue  T echniques. W. H . F re e m a n , San F rancisco . 641 pp .
K a o , K. N ., M i l l e r ,  R . A ., G a m b o r g ,  O. L . & H a r v e y ,  B. L . 1970. V a ria tio n s  in  c h ro m o so m e  

n u m b e r  a n d  s tru c tu re  in  p la n t  c e lls  g ro w n  in  s u s p e n s io n  c u ltu re s . Can. J. G enet. C yto l., 
12: 2 9 7 -3 0 1 .

L e e d a l e ,  C . F. 1966. T h e  E u g len o p h y ceae . In  G odw ard, M. B. E ., ed., T h e  C hrom osom es o f  
th e  A lgae. St. M artin ’s Press, N ew  York, p. 94.

L o e b l iC H , A. R., III. 1976. D inoflagella te  evolution: sp ecu la tio n  and  ev id en ce . J. Protozool., 
23: 13-28.

M e n d o l i a ,  L. R., P r i c e ,  C. A. & G u i l l a r d ,  R. R. I. 1966. Iso la tion  of n u c le i from a m arine  
d inoflagellate . Science, 153: 1661-1663.

S t e e l ,  R. G. D. & T o r r i e ,  J. PI. 1960. P rincip les an d  P rocedures o f  S ta tis tic s .  M cG raw -H ill, 
N ew  York, 481 pp.

S t e i d i n g e r ,  K. A. 1975. Im p lic a tio n s  o f  d in o f la g e lla te  life  c y c le s  o n  in it ia t io n  o f  G ym n o d in iu m  
b reve  r e d  tid e s . E n viron . L e tt.,  9: 129-139.

S u n d e r l a n d ,  N. 1973. N u c lea r cytology. In  S treet, H. E ., ed ., Plant T issue a n d  C ell C ulture. 
U niv . C alifo rn ia  P ress , B erkeley , pp . 161-190.

Y e o m a n , M. M. & S t r e e t ,  H . E . 1973. G eneral cytology o f  cu ltu red  cells. In  S treet, H. E ., ed., 
P lan t T issue  an d  C ell C u lture. U niv. C alifornia P ress , B erkeley , pp. 121-160.


