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respec t ive ly ,  b u t  because  no  females  a n d  on ly  1 ma le  was 
examined ,  t h i s  i den t i f i c a t i on  is on ly  t e n t a t i v e .  T h e  
f u n d a m e n t a l  n u m b e r  of a u t o s o m a l  a r m s  (FN) is 60. 

On ly  2 s u b g e n e r a  of g r o u n d  squir re ls  inc lude  species 
t h a t  h a v e  a d ip lo id  n u m b e r  of 32 a n d  a n  F N  of 60. These  
are Spermophilus (Ictidomys) spilosoma, w h i c h  also h a s  
14 m e t a c e n t r i c  a n d  16 s u b m e t a c e n t r i c  au to somes  S, 
S. (Spermophilus) columbianus, which  ha s  18 m e t a c e n t r i c  
a n d  12 s u b m e t a c e n t r i e  au tosomes" ,  and  S. (SpermoPhilus) 
undulatus, whose  k a r y o t y p e  *V*ORONTSOV a n d  LYAPUNOVA 1~ 
descr ibed  as s imi la r  to  t h a t  of S. columbianus. Spermo- 
philus spilosoma a n d  S. columbianus h a v e  m i n u t e  Y 
chromosomes ,  whereas  th i s  e l e m e n t  is a la rger  ac roeen t r i c  
in  S. undulatus a n d  S. adocetus. B o t h  species of o tospe rmo-  
phi les ,  S. beecheyi a n d  S. variegatus, t h a t  h a v e  been  
e x a m i n e d  ~,11 are cha rac t e r i zed  b y  a d ip lo id  n u m b e r  of 
38, wh ich  cons is t s  of 22 m e t a c e n t r i c  au tosomes ,  14 sub-  
m e t a c e n t r i c  au tosomes ,  a m e t a c e n t r i c  X chromosome,  
a n d  a n  ac roeen t r i c  Y chromosome.  Therefore ,  t he  au to-  
somaI  p o r t i o n  of t he  k a r y o t y p e  of S. adocetus is m o s t  l ike 
t h a t  of S. spilosoma, s imi la r  to  t h a t  of S. columbianus a n d  
S. undulatus, b u t  un l ike  t h a t  of m e m b e r s  of t h e  subgenus  
Otospermophilus. The  Y c h r o m o s o m e  of S. adocetus is 
s iml ia r  to  t h a t  of Otospermophilus a n d  S. undulatus b u t  
d i s s imi la r  f rom t h a t  of S. spilosoma a n d  S. columbianus. 
However ,  t he  o the r  two  species in  t he  subgenus  Ictidomys 
(S. mexicanus a n d  S. tridecemlineatus) a n d  m a n y  o the r  
species of t he  subgenus  Spermophilus are cha rac t e r i zed  b y  
ac rocen t r i c  Y ch romosomes  S, 9. 

N e i t h e r  BRYANT a nor  BLACK 12 cons idered  m e m b e r s  of 
t h e  subgenus  Otospermophilus to  be  closely r e l a t ed  to  
those  of e i the r  Spermophilus or Ictidomys on t h e  bas is  of 
morpho log ica l  d a t a  a n d  t h e  fossil  record,  a n d  we do n o t  
sugges t  t h a t  here.  However ,  a l t h o u g h  ]~RSrANT 3 d id  n o t  
consider  g round  squir re ls  of t h e  s u b g e n e r a  Otospermo- 
philus a n d  Notocitellus suf f ic ien t ly  d i f fe ren t  to  w a r r a n t  
s epa ra t e  subgener ic  recogni t ion ,  we h a v e  found  t h a t  t h e  
k a r y o t y p e  of S. adocetus is more  l ike t h a t  of species 
w i t h i n  t h e  subgene ra  Ictidomys a n d  Spermophilus t h a n  
l ike t h a t  of m e m b e r s  of t h e  s u b g e n u s  Otospermophilus. 

The  in terspeci f ic  r e l a t ionsh ips  of S. adocetus s h o u l d  be  
r eeva lua ted .  BRYANT3 l i s ted  examples  of S. annulatus in  
severa l  sect ions  of spec imens  examined ,  b u t  n o w h e re  can  
we f ind reference  to  spec imens  of S. adocetus t h a t  were 
inc luded  in his  s tudy .  P e r h a p s  S, adocetus is n o t  closely 
r e l a t ed  to  S. annulatus a n d  should  be  p laced  in t h e  sub-  
genus  Ictidomys, or less l ike ly  in t h e  subgenus  Spermo- 
philus, or poss ib ly  b o t h  species shou ld  be  p laced  in one of 
these  subgenera .  O t h e r  poss ibi l i t ies  t h a t  m i g h t  exp la in  t h e  
incongru i t i e s  obse rved  h a v e  occur red  to  us, b u t  addi-  
t i ona l  specu la t ion  w i t h o u t  k n o w i n g  t h e  k a r y o t y p e  of 
S. annulatus would  seem p r e m a t u r e .  

Resumen. E n  este t r a b a j o  se encon t r6  que  el ca r io t ipo  
de Spermophilus adocetus estA e o m p u e s t o  de 32 c romosomas  
qne  p u e d e n  d iv id i rse  en  14 a u t o s o m a s  metac6n t r i cos ,  16 
a u t o s o m a s  submetac6n t r i cos ,  u n  c r o m o s o m a  X g rande  me-  
tac6nt r ico ,  y u n  c r o m o s o m a  Y pequefio acroc6ntr ico.  Sper- 
mophilus adocetus es ta  en la a c t u a l i d a d  colocado en  el 
subg6nero  Otospermophilus pero  su ca r io t ipo  ind ica  u n a  
re lac i6n  con el subg6nero  Ictidomys o pos ib l e lnen te  con  
el subg6nero  Spermophilus. 
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Karyotype of a male Spermophilus adocetus adocetus from Xalitla, 
Guerrero. The line represents a scale 10 ~zm in length. 
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The  Local izat ion of Water -So lub le  Prote ins  in the Wheat E n d o s p e r m  as Revealed by Fluorescent  
Ant ibody  Techn iques  

E x t r a c t i o n  e x p e r i m e n t s  1 and  a m i n o  acid ana lyses  2 
h a v e  sugges ted  t h a t  a h i g h  p r o p o r t i o n  of t he  wa te r -  
soluble,  cYtOplasmic , or n 0 n - g l u t e n - f o r m i n g  p ro t e ins  are 
assoc ia ted  w i t h  t he  s t a r c h  granules  in  t he  m a t u r e  w h e a t  
e n d o s p e r m  cell. The  in  s i tu  d e m o n s t r a t i o n  of t h e  d i s t r ibu -  
t ion  of th i s  g roup  of p ro t e in s  is of i n t e r e s t  and  poss ible  
i m p o r t a n c e  in r e l a t i on  to  t h e  v i t r e o s i t y  a n d  mi l l ing  
p rope r t i e s  of t h e  grain.  W e  now r e p o r t  t he  successful  
app l i ca t i on  of f luorescen t  a n t i b o d y  t echn iques  3, 4 to  t h i s  
p rob lem.  

An t i s e r a  were p r e p a r e d  b y  in jec t ion  of d ia lyzed  a n d  
freeze-dr ied aqueous  buf fe r  e x t r a c t s  (py rophospha t e ,  
0 . 0 1 M ;  p H  7.0) of w h e a t  f lour  (cv. T imgalen)  in to  New 

Zea land  w h i t e  r a b b i t s  5. T h e  p r i m a r y  i m m u n i z i n g  d o s e  
(10 rag) was  emuls i f ied  w i t h  F r e u n d ' s  comple te  a d j u v a n t  
an d  g iven  i.m., whi le  boos t ing  doses (10 mg) - in  buf fe red  
sal ine ( 0 . 0 2 M  p h o s p h a t e  buffer ,  0 . 1 5 M  NaC1, p H  7.2) 
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were g iven  i.v. The  an ima l s  were b led  7 and  9 days  af ter"  
t he  las t  in ject ion.  The  re su l t ing  an t i s e r a  were t e s t ed  b y  
mic ro - immunoe lec t rophores i s  ~ and  double  i m m u n o d i f f u -  
sion 7 and  were shown  to  con t a in  an t ibod ies  w i t h  specific- 
i t ies for wa te r - so lub le  w h e a t  prote ins .  

Slices of T i m g a l e n  e n d o s p e r m  w i t h ' a l e u r o n e  ceils 
a t t a c h e d  were f ixed for 12 h in g l u t a r a i d e h y d e  (3% in  
0 . 0 2 5 M  p h o s p h a t e  buffer ,  p H  6.8), and  w a s h e d  for 24 h 
in t he  same buffer  before  be ing  frozen for sec t ion ing  on  
t he  c r y o s t a t  mic ro tome .  Sect ions  (6 ~m th ick)  were cu t  
a n d  a l lowed to  s t a n d  o v e r n i g h t  p r io r  to  f luorescen t  an t i -  
body  (FA) s ta ining.  Th i s  was  car r ied  ou t  b y  i n c u b a t i n g  
w i t h  t h e  r a b b i t  an t i s e r a  a t  room t e m p e r a t u r e  for 60 rain.  
Af ter  wash ing  in p h o s p h a t e  buffered  sal ine ( P B S ;  7.1) for 
60 ra in  t he  sect ions  were i n c u b a t e d  w i t h  I luorescein-  
c o n j u g a t e d  sheep a n t i - r a b b i t  g lobul in  for 60 mln.  T h e y  
were t h e n  washed  for 60 min.  in  P B S  and  r insed  in dis t i l led 
water ,  a f t e r  wh ich  t h e y  were a l lowed to a i r  d ry  before  
be ing  m o u n t e d  in p h o s p h a t e - b u f f e r e d  glycerol  (pH 8.6). 
They  were v iewed u n d e r  a Zeiss f luorescence microscope  
us ing  p r i m a r y  f i l ter  U G  1 a n d  secondary  f i l te r  41. 

Non-specif ic  s t a in ing  was l imi ted  as m u c h  as possible,  
by  a b s o r b i n g  b o t h  a n t i s e r u m  an d  con juga t e  w i t h  a l iver  
homogena te .  The  Tab le  summar i ze s  t h e  cont ro l s  used in 
the  e x p e r i m e n t  to  e s t ab l i sh  t h e  specif ic i ty  of s ta ining.  

I n  each  case, t h e  resu l t s  were unequ ivoca l  a n d  are 
i l lus t ra ted  in F igure  1. 

T h e  a p p e a r a n c e  of s t a r c h  a n d  p ro t e in  (bo th  wa te r -  
soluble a n d  s torage  types)  in  t h e  m a t u r e  w h e a t  e n d o s p e r m  
cell, a f te r  s t a in ing  w i t h  fas t  green, is i l l u s t r a t ed  in t h e  
p h o t o m i c r o g r a p h  of F igure  la .  This  also shows t h e  appea r -  
ance  of va r ious  cel lular  inc lus ions  u n d e r  these  condi t ions .  
These  organel le  r e m n a n t s  show a b r i g h t  yel low au to-  
f luorescence,  s torage  p ro t e i n  a deep blue,  while  t h e  s t a r c h  
granules  are non- f luorescen t  u n d e r  u l t r av io l e t  l ight .  T h e  
a leurone  cell wMls show a v e r y  b r i g h t  b lue  au tof luores-  
cence wh ich  is p a r t i c u l a r l y  d i f f icul t  to  q u e n c h  t h r o u g h  t h e  
f i l ter  s y s t e m  used. Th i s  is i l l u s t r a t ed  in F igure  lb .  T h e  
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Localization of water-soluble proteins in wheat endosperm (cv. Timgalen) by FA staining, a) Transverse section stained with fast 
green, b) Antofluorescence observed through exciter filter UG 1 and barrier filter 41. c) Specific serum-labelled antibody treated section. 
Green fluorescence (F) is observed around each starch granule, d) Control Section. Storage protein (SP), starch granules (S), nuclear remnant 
(N), endoplasmic reticulum (ER), and various cellular inclusions (CI). 
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autof luorescence  of these  cellular componen t s  m a y  be 
clear ly d is t inguished  under  t he  microscope,  or in color 
pho tographs ,  f rom the  pale green f luorescence due to the  
labelled an t ibody-an t igen  complex.  The lat ter ,  as shown 
in F igure  lc, occurs specifical ly a round  each s ta rch  
granule,  t hus  d e m o n s t r a t i n g  the  presence  of water -  
soluble pro te ins  in high concen t ra t ion  in th is  area. The 
cross sect ions used as controls  (see Table), emi t t ed  no 

Controls used for establishing specificity of staining by the indirect 
FA procedure 

Stain A 
Saline 
Non-immune serum 
Predmmune serum 
Specifie serum 

Specific serum 
absorbed with antigen 

Stain B 
Labelied antibody 
Labelled antibody 
Labelled antibody 
Labelled antibody 

Labelled antibody 

Result 
No green fluorescence 
No green fluorescence 
No green fluorescence 
Green fluorescence 
located around each 
starch granule 
Green fluorescence 
markedly reduced 

f luorescence o ther  t h a n  t h a t  due to autof luorescence of 
the  grain, as shown in Figure  ld .  

The prote ins  localized by  th is  t echn ique  are p ro b ab l y  
enzymes  associated wi th  s ta rch  granule syn thes i s  in t he  
developing grain. I t  is l ikely t h a t  residues of s imilar  
water-soluble,  enzymica l ly  act ive  proteins ,  originally 
associated wi th  s torage pro te in  synthes is  are located in 
the  ma t r i x  be tween  the  s t a rch  granules.  The fac t  t h a t  
t h e y  have  no t  been de tec ted  does no t  exclude the i r  
presence,  bu t  suggests  t h a t  t h e y  occur in much  lower 
concen t ra t ion  t h a n  those  sur rounding  the  s ta rch  granules.  

Zusammenfassung. Die Anre icherung  wasserl6sl icher 
Pro te ine  in Endospermze l l en  yon  Weizenk6rnern ,  in der  
die St / i rkegranula u m g e b e n d e n  Zone, k o n n t en  mi t te l s  
der F luoreszenz-Ant ik6rper -Technik  nachgewiesen  wer- 
den. 
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Glycine S e e d  G e r m i n a t i o n :  D i f f e r e n t i a l  R e s p o n s e  

The na tu ra l ly  occurr ing p l a n t  hormone,  abscisic acid 
(ABA), has  been  shown to  be a p o t e n t  inhib i tor  of numer -  
ous g rowth  processes 1, 2. A B A  is par t i cu la r ly  inh ib i to ry  
to  germina t ion  of seeds of m a n y  species 2. Cont ra ry  to  the  
usual  inh ib i to ry  effects,  ABA has  also been  shown to  
p r o m o t e  severM g rowth  p h e n o m e n a  such as soybean  
co ty ledon  callus in the  presence  of k ine t in  3, root ing  of 
m u n g  bean  cu t t ings  5 and p romot ion  of callus fo rma t ion  in 
c i t rus  bud  cul ture  4. We  now repor t  on the  different ia l  
seed ge rmina t ion  responses  of several  Glycine max (L.) 
Merr. eul t ivars  to  ABA. 

Methods. Seeds were imbibed  in solut ions of ABA for 
16 h, t r ans fe r red  fo wa te r  s a tu ra t ed  vermicul i te  and  ger- 
m i n a t e d  in t he  dark  a t  25 ~ 1 ~ For  each of 3 experi-  
m e n t s  5 dishes conta in ing  l0  seeds each were used for 
each  t r e a t m e n t  and  rep l ica ted  5 t imes.  Pe rcen tage  
ge rmina t ion  was de t e rmined  a t  24-h-intervMs and the  
d a t a  expressed  as ~3 values  according to  TIMSON 6. 

Results. A different ia l  response  to  ABA was observed.  
Seed ge rmina t ion  was inh ib i ted  in 'Hood '  and no signif- 
i can t  effect  was  observed in 'Pe r ry '  (Table). I n  cont ras t ,  
A B A  s t imula ted  seed ge rmina t ion  in 'Bragg '  a t  concent ra-  
t ions  of 1.5 • 10-7M to 1.5 • 10-5M and  did n o t  inh ib i t  
ge rmina t ion  a t  1.5 •  ABA s t imula t ion  of seed 
gernainat ion in 'J3ragg' a t  1 .5X10-6M equal led t h a t  
observed  wi th  gibberel l in (GAs) a t  1.5 • 10-5M. A B A  did 
no t  reverse cyc loheximide  (2 ~g/ml) induced  inhibi t ion.  
Differences in ge rmina t ion  canno t  be a t t r i b u t e d  to 
d i f ferent ia l  wa te r  or A B A  absorp t ion  since the re  were no 
differences in up take  of wa te r  or t4C labelled ABA among  
the  3 cul t ivars  dur ing  the  imbib i t ion  period.  

Differential response of Glycine seed to abscisic acid 

Concentration 'Bragg' 'Hood' 'Perry' 

0 122 100 186 100 260 100 
1.5 • 10 -7 220 180 110 59 272 105 
1.5 • 10 .8 200 164 110 59 256 98 
1.5 X 10 -~ 168 138 116 62 248 95 
1.5 X 10 -4 135 111 52 28 212 81 

Germination index according to TIMSON s. b Percent of control. 

t o  A b s c i s i c  A c i d  

Discussion. SLOGER and CALDWELL 7 d e m o n s t r a t e d  
different ia l  sens i t iv i ty  of Gtycine cul t ivars  to  foliar appl ied 
ABA based on inhib i t ion  of leaf expansion,  shoot  ex ten-  
sion and  induced  leaf senescence. We  also have  found  a 
different ia l  cul t ivar  response to  A B A  based on seed 
germinat ion,  however,  there  was no t  a lways a s t r ic t  
re la t ionship  be tween  the  effects of ABA on seed germina-  
t ion  and the  repor ted  g rowth  effects 7. Whi le  ' H o o d '  and  
' P e r r y '  were considered sensi t ive to  fol iar-appl ied ABA '7, 
seed germina t ion  was no t  af fec ted  in ' P e r r y '  bu t  was 
inh ib i ted  i n '  Hood  '. Of the  non-respons ive  cult ivars,  Bragg, 
Clark, Kent ,  Semmes  7, A B A  p r o m o t e d  seed ge rmina t ion  
only  in ' Bragg '. To our  knowledge th is  is t he  f i rs t  repor t  of 
ABA promot ion  of seed gernl inat ion.  Our da t a  and those  
of SLOGER and  CALDWELL 7 emphas ize  t he  d i f f icul ty  in 
ex t rapo la t ing  ABA da ta  f rom one cul t ivar  to  another ,  
and  fu r ther  t h a t  the  na tu re  of t he  response  for a given 
cul t ivar  m a y  be re la ted  to  the  p a r a m e t e r  being observed  s. 

Zusammen/assung. In  Kefluen yon Glyc inensamen wur-  
den unterschiedl iche  Reak t ionen  der  K u l t u r v a r i a n t e n  
(Cultivaren) zur Abscisins/iure (ABA) beobach te t .  Die 
Unte r seh iede  im K e i m e m  k6nnen  n ich t  der  un te rsch ied-  
l ichen Wasser-  oder  ABA-Abso rp t i on  zugeschr ieben wer-  
den. 
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