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Purpose

The purpose of my sabbatical was instructional improvement by creating a 

laboratory atlas of developmental biology for classroom use. The atlas will be 

available for students to download to aid in their laboratory study of developmental 

biology.

Background and Project Description

Developmental Biology (Biology 427) introduces students to the amazing 

process by which a single fertilized egg, the zygote, develops into a complex, 

multicellular organism. The field of developmental biology field encompasses 

microscopic anatomy, experimental embryology and molecular mechanisms. I use a 

comparative approach to teach this course so that students are introduced to 

developmental processes in a variety of organisms including humans. I structure the 

course by first focusing on descriptive embryology followed by analyses of the 

molecular mechanisms that underlie developmental patterns. A full appreciation of 

the field requires an understanding of development at both microscopic and 

molecular levels. The course has both a lecture and a laboratory component and in 

the laboratory I focus primarily on microscopic observations of developing embryos 

or tissues involved in reproductive processes. The laboratory section of this course 

provides an excellent opportunity to engage students in science due to the dynamic 

nature and visual beauty of developing embryos.

I have developed/written most of the lab exercises for this course and 

provide these as handouts. The handouts contain detailed descriptions of structures 

that students need to learn and identify, however, it is often difficult for students to 

match that textual description with what they observe under the microscope. In 

addition, although the Biology program has amassed a good collection of



commercially prepared microscope slides; these slides are only available to students 

during the (relatively brief) period when they are in the teaching lab. For these 

reasons, I requested a sabbatical leave to work on a laboratory atlas for the 

developmental biology teaching laboratory.

Outcomes

For my sabbatical, I worked on producing digital microscopic images of 

existing developmental biology slides from our collection. I then annotated these 

images by labeling micro-anatomical features of importance and wrote explanatory 

text to accompany the images. Students in the developmental biology course will 

now have this resource to use in the laboratory as they are examining slides and for 

studying outside of the laboratory. Two sample chapters are attached.
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O o g e n e s i s

LAB ACTIVITY #1: Examine slides of mammalian ovaries and 
identify the structures indicated below in b o ld  .

O ogenesis  in  m a m m a lia n  o v a rie s

Human females are born with ~700,000 oocytes which are arrested 
in prophase I of meiosis. After puberty and prior to menopause, a 
woman will ovulate ~ 400 eggs. The remaining eggs will undergo 
atresia or degeneration. Examine your section of ovary under low 
power. You should see a thin connective-tissue sheath called the 
tunica albuginea . How does this structure compare to the tunica 
albuginea in the testis? You should be able to distinguish two regions; 
an outer cortex and an inner medula . The cortex contains circular 
structures called follicles and the medulla contains connective tissue, 
nerves, lymph and blood vessels. A follicle consists of a single oocyte 
surrounded by follicle or nurse cells.

Follicles

First under low power and then under high power, examine the 
follicles. You should be able to distinguish follicles in various stages 
of development.
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P r i m o r d ia l  fo llic le s :  P r im o rd ia l  fo llic le s  : a  fo llic le  c o n ta in in g  a 

p r im a ry  o o c y te  s u r ro u n d e d  b y  a  s in g le  la y e r  o f  sq u a m o u s  fo llic le  

c e lls . P r im o rd ia l  fo llic le s  a re  n u m e ro u s .



P r i m a r y  fo llic le s  : fo llic le  c o n s is t in g  o f  a  p r im a ry  o o c y te  su r ro u n d e d  
b y  m u ltip le  la y e rs  o f  fo llic le  c e lls . In  h u m a n s , 2 0 -5 0  p r im o rd ia l  
fo llic le s  m a tu re  in to  p r im a ry  fo llic le s  e a c h  m o n th  u n d e r  th e  in f lu e n c e  
o f  fo llic le  s t im u la tin g  h o rm o n e . T h e  fo llic le  c e lls  b e c o m e  c u b o id a l/  
c o lu m n a r  a n d  in c re a s e  in  n u m b er. T h e  m u ltip le  lay e rs  o f  fo llic le  c e lls  
is r e fe r re d  to  a s  th e  s t r a t u m  g r a n u lo s u m  .



S e c o n d a r y  fo llic le  : F o llic le  c e lls  s e c re te  a  f lu id  w h ic h  a c c u m u la te s  in  

sp a c e s  b e tw e e n  fo llic le  ce lls . T h e se  sp a c e s  a re  re fe r re d  to  as th e  

a n t r u m  a n d  o n c e  th e se  sp a c e s  a p p ea r, th e  fo llic le  is c a lle d  a  s e c o n d a ry  

fo llic le .



G r a f f i a n  fo ll ic le  : T h e  a n tru m  e n la rg e s  to  f ill  th e  e n tire  c e n tra l  re g io n  

o f  th e  fo llic le  a n d  th e  o o c y te  s its  in  a  p ro tru s io n  o f  fo llic le  c e lls  c a lle d  

th e  c u m u lu s  o o p h o r u s  . A t th is  s ta g e , th e  o o c y te  is m a tu re  a n d  

re fe r re d  to  as a  G ra ff ia n  fo llic le . T h e  f lu id  f i ll in g  th e  a n tru m  is c a lle d  

l iq u o r  f o l l ic u l i  a n d  c o n ta in s  su b s ta n c e s  th a t  m a in ta in  th e  o o c y te  in  

m e io tic  a rre s t.



C o r p u s  lu te u m :  O n c e  th e  o o c y te  is o v u la te d , th e  G ra ff ia n  fo llic le  

se c re te s  p ro g e s te ro n e  a n d  e s tro g e n  w h ic h  m a in ta in  th e  u te r in e  lin in g . 

T h e  fo llic le  is n o w  c a lle d  a  c o r p u s  l u t e u m  a n d  a p p e a rs  c o lla p s e d  w ith  

fo ld e d  w a lls  a n d  is v e ry  la rg e  ~ 2 c m  in  d ia m e te r . I f  p re g n a n c y  d o e s  n o t 

o ccu r, th e  c o rp u s  lu te u m  d e g e n e ra te s  a n d  is r e p la c e d  b y  s c a r  t is su e  

fo rm in g  a s m a l l  c o r p u s  a lb ic a n s  . I f  p re g n a n c y  d o e s  o c cu r, th e  c o rp u s  

lu te u m  c o n tin u e s  to  g ro w  re a c h in g  ~  5 c m  in  d ia m e te r  in  h u m a n s . T h e  

c o rp u s  lu te u m  d e g e n e ra te s  a f te r  th e  9 o r  10 th  w e e k  o f  p re g n a n c y  

fo rm in g  a v e ry  l a r g e  c o r p u s  a lb ic a n s .



O o c y te :  T h e  o o c y te  in  a  p r im o rd ia l  fo llic le  is 10-25  u m  in  d iam ete r. 

U s in g  th is  as a  g u id e , e s tim a te  h o w  la rg e  th e  o o c y te  is in  e a c h  o f  th e  

o th e r  ty p e s  o f  fo llic le s . Im m e d ia te ly  s u r ro u n d in g  th e  o o c y te  is a  c le a r  

la y e r  k n o w n  as th e  z o n a  p e l lu c id a  . T ra v e rs in g  th e  z o n a  p e llu c id a  a re  

f in e , f i la m e n to u s  s tru c tu re s  c a lle d  c y to p la s m ic  b r id g e s  . N u tr i t iv e  

su b s ta n c e s  p a s s  f ro m  th e  fo llic le  c e lls  to  th e  o o c y te  th ro u g h  th e s e  

c h a n n e ls . T h e  la y e r  o f  fo llic le  c e lls  s u r ro u n d in g  th e  o o c y te  is c a lle d  

th e  c u m u lu s .  Ju s t  p r io r  to  o v u la tio n , th e  o o c y te  c o m p le te s  th e  f irs t 

m e io tic  d iv is io n  a n d  is o v u la te d  as a  se c o n d a ry  o o c y te . Y o u  p ro b a b ly  

w il l  n o t  b e  a b le  to  f in d  a  s e c o n d a r y  o o c y te  , b u t  s e a rc h  fo r  a  G ra ff ia n  

fo llic le  w h ic h  h a s  a n  o o c y te  w ith  a  s m a l l  p o l a r  b o d y  o n  its  su rfa ce . 

T h e  s e c o n d  m e io tic  d iv is io n  w ill  b e g in  in  th e  o v id u c t a n d  w ill  o n ly  b e  

c o m p le te d  i f  th e  o o c y te  g e ts  fe r tiliz e d .



A tr e t i c  fo llic le  : N o t  a ll m a tu r in g  fo llic le s  b e c o m e  G ra ff ia n  fo llic le s . 
In  h u m a n s , o f  th e  2 0 -5 0  th a t  b e g in  to  m a tu re  e a c h  cy c le , u su a lly  o n ly  

o n e  b e c o m e s  a  G ra ff ia n  fo llic le  w h ile  th e  o th e rs  u n d e rg o  a tre s ia . 
A tre t ic  fo llic le s  h a v e  m is s h a p e n  c e lls  w ith  d a rk ly  s ta in in g  n u c le i.

T h e c a

T h e  th e c a  is a  la y e r  o f  c e lls  a n d  c o n n e c tiv e  t is su e  th a t  su rro u n d s  
fo llic le s . I t  c o n s is ts  o f  tw o  la y e rs , th e  th e c a  i n t e r n a  a n d  th e  th e c a  
e x te r n a  . T h e  th e c a  in te rn a  lie s  c lo s e s t  to  th e  fo llic le  a n d  th e  th e c a  
e x te rn a  a p p e a rs  m o re  f ib ro u s . T h e  th e c a  p ro v id e s  n u tr it iv e  se c re tio n s  
to  th e  fo llic le  c e lls  as w e ll  as e s tro g e n - in te rm e d ia ry  c o m p o u n d s  th a t  
th e  fo llic le  c e lls  c o n v e r t  to  e s tro g e n .



L A B  A C T I V I T Y  # 2 :  E x p la in  t h e  d i f f e r e n c e  b e t w e e n  p a n o i s t i c  a n  
m e r o i s t i c  o o g e n e s i s .

O O G E N E S I S  IN  IN S E C T S

In  in se c ts , e a c h  o v a ry  c o n s is ts  o f  se v e ra l o v a rio le s . S e v e ra l e g g  
c h a m b e rs  ( fo llic le s )  w ill  b e  p re s e n t  w ith in  e a c h  o v a rio le  W ith in  e a c h  
o v a rio le , g e rm  c e lls  a re  a lig n e d  c h ro n o lo g ic a lly , w ith  th e  m o s t  m a tu re  
a t th e  e n d  c lo s e s t  to  th e  o v id u c t. T w o  m a jo r  m o d e s  o f  o o g e n e s is  a re  
o b se rv e d  in  in se c ts . In  p a n o is t i  c o o g e n e s is , g e n e  p ro d u c ts  re q u ire d  
fo r  o o c y te  m a tu ra tio n  a re  p ro d u c e d  in  th e  o o c y te  itse lf . In  m e ro is t ic  
o o g e n e s is , n u rse  c e lls  su p p ly  m o s t  o f  th e  g e n e  p ro d u c ts  re q u ire d  fo r  
o o g e n e s is .

L A B  A C T I V I T Y  # 3 :  D is s e c t  a n  o v a r y  f r o m  a  n o r m a l  f e m a le  f ly  a n d  
o b s e r v e  t h e  e g g  c h a m b e r s  f o u n d  w i t h i n  t h e  o v a ry .

O o g e n e s is  in  th e  f r u i t  fly , D r o s o p h i la  m e la n o g a s te r

O o g e n e s is  in  D ro s o p h ila  is a n  e x a m p le  o f  m e ro is t ic  o o g e n e s is , in  
w h ic h  o o c y te  g ro w th  a n d  d e v e lo p m e n t is d e p e n d e n t u p o n  n u rse  ce lls . 
N u rs e  c e lls  sy n th e s iz e  h u g e  q u a n tit ie s  o f  m e s s e n g e r  R N A s , p ro te in s , 
a n d  r ib o so m e s  a n d  th e n  tra n s p o r t  th e se  m o le c u le s  a n d  o rg a n e lle s  to  th e  
o o c y te . T h e  n u rse  c e lls  a re  v e ry  a c tiv e  t r a n s c r ip tio n a lly  a n d  as a  re su lt, 
p ro p h a s e  is sh o r te n e d  in  in se c ts  th a t  u n d e rg o  m e ro is t ic  o o g e n e s is . In  
D ro s o p h ila , th e  n u rse  c e lls  a re  e n c lo se d  w ith  th e  o o c y te  in  th e  fo llic le .
T h e  sm a lle s t, m o s t  im m a tu re  e g g  c h a m b e rs  a re  a t th e  a n te r io r  t ip  o f  
th e  o v a ry , w h ile  la rg e , m a tu re  e g g s  a re  a t th e  p o s te rio r . F e r t i l iz a tio n  
o c c u rs  in te rn a lly  in  D ro s o p h ila  , b e fo re  th e  e g g  is la id . D ro s o p h ila  
fe m a le s  w ill  la y  e g g s  (o v u la te )  w h e th e r  o r  n o t  th e  e g g s  h a v e  b e e n  
fe r tiliz e d . Y o u n g  fe m a le s  s h o u ld  c o n ta in  m a n y  e g g  c h a m b e rs  o f  
d if fe re n t s ta g e s  o f  o o g e n e s is . E a c h  e g g  c h a m b e r  c o n ta in s  1 o o c y te  a n d  
15 n u rse  c e lls , w h ic h  a re  c o n n e c te d  to  o n e  a n o th e r  b y  c y to p la s m ic



b rid g e s  o r  r in g  c an a ls . S u rro u n d in g  th e  o o c y te  a n d  n u rse  c e lls  a re  a  
s in g le  la y e r  o f  fo llic le  ce lls . O o g e n e s is  h a s  b e e n  d iv id e d  in to  fo u r te e n  
s ta g es . In  th e  f ir s t  h a l f  o f  o o g e n e s is , e g g  c h a m b e rs  (s ta g e s  1-7) g ro w  
la rg e r  as th e  n u rse  c e l l ’ c y to p la s m  e x p a n d s , a n d  as th e ir  n u c le i  b e c o m e  
p o ly p o lid . D u r in g  s ta g e s  8 -1 0 , v i te l lo g e n e s is  o c c u rs , w h e re b y  th e  
o o c y te  a c c u m u la te s  a n d  s to re s  v ite l l in  in  th e  fo rm  o f  y o lk  p la te le ts .
T h e  o o c y te  e n la rg e s  as it  a c c u m u la te s  y o lk . In  th e  la t te r  h a l f  o f  

o o g e n e s is , th e  e n tire  c o n te n ts  o f  th e  n u rse  ce ll c y to p la s m  is 
“ d u m p e d ” (in  a  p ro c e ss  c a lle d  n u rse  c e ll d u m p in g )  o r  t ra n s p o r te d  in to  
th e  o o c y te  v ia  th e  r in g  can a ls . In  th e  f in a l s ta g e s  o f  o o g e n e s is , a ll o f  
th e  n u rse  c e lls  a n d  fo llic le  c e lls  d e g e n e ra te  a n d  a re  s lo u g h e d  o f f  th e  
egg . D u r in g  d e v e lo p m e n t o f  th e  e g g  c h a m b e r  th e  o o c y te  n u c le u s  
a rre s ts  in  m e ta p h a se  I o f  m e io s is . M e io s is  I a n d  II a re  c o m p le te d  w h e n  
th e  e g g  is la id  (o v u la te d ) , a n d  c o m p le tio n  o f  m e io s is  a p p e a rs  to  b e  
in d e p e n d e n t o f  sp e rm  en try .

D is s e c tin g  th e  O v a ry  f ro m  th e  A d u l t  F e m a le  F ru itf ly ,

E q u ip m e n t a n d  S u p p lie s  N e e d e d  f o r  O v a ry  D is s e c tio n :

E th e r  a n d  e th e r iz e r , a d u lt  fe m a le  fru itf l ie s , 2  p a irs  o f  fo rc e p s  w ith  f in e  
tip s , M ic ro sc o p e  s lid e s  a n d  c o v e r  g la s se s  ,D is s e c tin g  a n d  c o m p o u n d  
m ic ro sc o p e , In s e c t  S a lin e

1. B e fo re  d is se c tio n , th e  f lie s  w il l  h a v e  b e e n  a n e s th e tiz e d  w ith  e ther.

2. T ake  a n e s th e tiz e d  fe m a le s  a n d  la y  th e  a n im a l o n  its b a ck . P la c e  a  
d ro p  o f  In s e c t  S a lin e  o n to  th e  an im a l.

3. T h e  a b d o m e n  o f  th e  fe m a le  w ill  b e  sw o lle n  d u e  to  th e  p re s e n c e  o f  
eg g s.

4. G ra sp  th e  fly  a ro u n d  its "w a is t"  o r  a t th e  u p p e r  h a l f  o f  its  a b d o m e n  
w ith  o n e  p a ir  o f  fo rce p s .

5. T ake  a  n e e d le /s e c o n d  p a ir  o f  fo rc e p s  a n d  sq u e e z e  o u t  th e  
a b d o m in a l c o n te n ts .



6. A  p a ir  o f  o v a rie s  w ill  b e  a tta c h e d  to  th e  g u t  a n d  y e llo w is h  c o lo re d  
M a lp h ig h ia n  tu b u le s  (e x c re to ry  o rg an s ) . E x a m in e  th e  in ta c t ovary , 
re fe r r in g  to  th e  d ia g ra m . T h e  p a ire d  o v a rie s  a re  a tta c h e d  to  th e  s in g le  
c o m m o n  o v id u c t  a n d  u te ru s .

7. C le a r  a w a y  th e  g u t  a n d  th e  m a lp h ig h ia n  tu b u le s .

8. U se  a  n e e d le  o r  th e  f in e  p o in t  o f  th e  fo rc e p s  a n d  te a se  th e  o v a rie s , 
so  th a t  th e  o v a rio le s  a re  s o m e w h a t se p a ra te d .

9. P u t  a  d ro p  o f  M e th y le n e  B lu e  a n d  le t  th e  p re p a ra tio n  s ta in  fo r  5 
m in u te s .

10. P la c e  a  c o v e rs lip  o n  th e  s lid e  a n d  o b se rv e  u n d e r  th e  m ic ro sc o p e .

11. O b se rv e  u n d e r  lo w  p o w e r, lo c a te  th e  o v a ry , th e n  m o v e  to  a  
h ig h e r  m a g n if ic a tio n . A t  L o w  P o w er: N o tic e  th a t  th e  o v a rio le s  
c o n ta in s  e g g  c h a m b e rs  a t v a r io u s  s ta g e s  o f  d e v e lo p m e n t. T ry  to  
d is t in g u is h  d if fe re n t s ta g e d  e g g  c h a m b e rs  w ith in  th e  o v a ry  A s  y o u  
lo o k  a t th e  e g g  c h a m b e rs , n o te  in  p a r t ic u la r  th e  s tru c tu re  o f  a  m a tu re , 
y o lk - f il le d  e g g .A t H ig h e r  M a g n if ic a tio n : F in d  h o w  m a n y  n u c le i  y o u  
c a n  o b se rv e  in  a  s in g le  e g g  ch am b er. T h e re  a re  15 n u rse  c e lls  a n d  a  
s in g le  o o c y te  n u c le u s  in  o n e  ch am b er. In  th e  e g g  c h a m b e r, m a n y  
in d iv id u a l n u rse  c e lls  c a n  b e  se e n  in  its  a n te r io r  h a lf , w h ile  th e  s in g le  
o o c y te  f ills  th e  p o s te r io r  h a lf. A t  th is  t im e , fo llic le  c e lls  m a y  be  
o b se rv e d  a ro u n d  th e  o o c y te  p o r t io n  o f  th e  c h am b er.

L A B  A C T I V I T Y  # 4 :  D i s s e c t  a n  o v a r y  f r o m  a  c r i c k e t  a n d  
o b s e r v e  t h e  e g g  c h a m b e r s  f o u n d  w i t h i n  t h e  o v a r y  t h e  
c r i c k e t

O o g e n e s is  in  th e  c r ic k e t  is an  e x a m p le  o f  p a n o is tic  o o g e n e s is , in  
w h ic h  g e n e  p ro d u c ts  to  b e  s to re d  in  th e  o o c y te  a n d  th o se  re q u ire d  fo r  
o o c y te  m e ta b o lis m  a re  p ro d u c e d  b y  th e  o o c y te  itse lf . In  p a n o is tic  
o o g e n e s is , o o g e n e s is  is o f te n  a c c o m p a n ie d  b y  th e  fo rm a tio n  o f  
la m p b ru sh  c h ro m o so m e s .

D is s e c tio n  o f  th e  C r ic k e t

B e fo re  d is se c tio n , th e  c r ic k e ts  w ill  b e  a n e s th e tiz e d  o n  ice.



1. O b ta in  fe m a le  c r ic k e t  ( it  h a s  th e  o v ip o s ito r) , p la c e  o n  s lid e , c u t o f f  
h e a d  firs t, th e n  c u t o f f  leg s.

2. C u t o p e n  v e n tra l  s id e  w ith  sc is so rs , c u ttin g  s tra ig h t d o w n  th e  
cen ter.

3. E g g s  m a y  " tu m b le "  f ro m  th e  c ric k e t. T h e se  a re  m a tu re  eg g s , 
p o s s ib ly  fe r tiliz e d .

4. U s in g  fo rc e p s , iso la te  th e  o v a rie s  a n d  p la c e  th e m  in  a  d ro p  o f  
In s e c t  S a lin e  o n  a  s lide .

5. C le a r  a w a y  th e  m a tu re  e g g s , a n d  lo o k  fo r  th e  le ss  m a tu re  p a r t  o f  
th e  o v a rio le . Y ou  a re  lo o k in g  fo r  w h it is h  s tra n d s  c o m in g  o f f  sm a lle r  
s iz e d  eg g s . T h e  e g g s  lo o k  lik e  rice .

6. S e p a ra te  e g g s  a n d  p la c e  s tr in g y  m a te r ia l  o n  a  se p a ra te  slid e . P u t 
o n e  d ro p  o f  M e th y le n e  B lu e  o n  th e  s lid e  a n d  le t  th e  p re p a ra tio n  s ta in  
fo r  5 m in u te s .

7. P la c e  a  c o v e rs lip  o n  th e  s lid e  a n d  o b se rv e  u n d e r  th e  m ic ro sc o p e .

8. O b se rv e  u n d e r  lo w  p o w e r, lo c a te  th e  o v a ry , th e n  m o v e  to  a  h ig h e r  
m a g n if ic a tio n . H o w  m a n y  n u c le i  c a n  y o u  see  in  a  s in g le  e g g  c h a m b e r?  
T h e re  sh o u ld  b e  a  s in g le  n u c le u s , in  c o n tra s t  to  th e  f ru it- f ly  eg g  

c h am b er.

F in d in g  sp e rm  in  th e  fe m a le  a b d o m e n

1. In  th e  c r ic k e t  a b d o m e n , try  to  lo c a te  a  "w h itish "  lo o k in g  sp h e ric a l 
b lo b . T h is  is th e  sp e rm a th e c a , th e  o rg a n  u s e d  to  s to re  sp e rm  in  a  
fem a le .

2. P la c e  it in  a  d ro p  o f  sa lin e  (o n  a  s lid e ) , te a se  it w ith  a  n e e d le , a n d  
m o u n t  w ith  a  c o v e rs lip .

3. U n d e r  lo w  m a g n if ic a tio n , y o u  sh o u ld  see  a  c o ile d  s tru c tu re . L o o k  
c a re fu lly  a t th e  e d g e s  o f  th is  s tru c tu re . Y ou  sh o u ld  see  t in y  sp e rm .

4. M o v e  to  h ig h e r  m a g n if ic a tio n  to  see  th e  m o tile  sp e rm  be tte r.





A m p h i b i a n  D e v e l o p m e n t

I n t r o d u c t i o n  t o  E a r l y  D e v e l o p m e n t  i n  A m p h i b i a n s

C le a v a g e  is ra d ia l  a n d  h o lo b la s t ic  in  a m p h ib ia n s . T h e  p re se n c e  
y o lk  im p a c ts  th e  c le a v a g e  p a tte rn  in  th e se  m e s o le c ith a l  eg g s . T h e  f irs t  
c le a v a g e  is m e r id o n a l a n d  b e g in s  a t th e  a n im a l p o le . A s  th e  c le a v a g e  
fu r ro w  n e a rs  th e  v e g e ta l  p o le  it is s lo w e d  d o w n  s ig n if ic a n tly  b y  th e  
p re s e n c e  o f  y o lk . T h e  s e c o n d  c le a v a g e  is m e r id io n a l  a n d  a t r ig h t  
a n g le s  to  th e  f ir s t  c le a v a g e . T h e  s e c o n d  c le a v a g e  b e g in s  b e fo re  th e  
f ir s t  c le a v a g e  fu rro w  h a s  c o m p le te ly  b is e c te d  th e  v e g e ta l  p o le . T h e  
th ird  c le a v a g e  is e q u a to r ia l , b u t  u n e q u a l a n d  d iv id e s  th e  e m b ry o  in to  4 
m ic ro m e re s  a t th e  a n im a l p o le  a n d  4  la rg e  m a c ro m e re s  a t th e  v e g e ta l  
p o le . B e c a u se  c le a v a g e  o c c u rs  m o re  ra p id ly  a t th e  y o lk - f re e  a n im a l 
re g io n , c e lls  w ill  d iv id e  m o re  ra p id ly  h e re  th a n  a t th e  y o lk  r ic h  v e g e ta l  
p o le . S o  a fte r  tim e , th e re  w ill  b e  m a n y  sm a ll c e lls  a t th e  a n im a l p o le  
a n d  few er, la rg e r  c e lls  a t th e  v e g e ta l  p o le . A s  th e  e m b ry o  d iv id e s , a  
f lu id - f i l le d  c a v ity  c a lle d  th e  b la s to c o e l  d e v e lo p s  n e a r  th e  a n im a l p o le .

A m p h ib ia n  g a s tru la tio n  b e g in s  w h e n  a  g ro u p  o f  c e lls  o n  th e  fu tu re  
d o rsa l s id e  o f  th e  e m b ry o , j u s t  b e lo w  th e  e q u a to r  in  th e  re g io n  o f  th e  g re y  
c re sc e n t. s in k s  in to  th e  e m b ry o . T h is  m o v e m e n t is m e d ia te d  b y  c e ll sh a p e  
c h a n g e s . T h e  c e lls  c o n s tr ic t  a t th e ir  a p ic a l su rfa c e  a n d  e x p a n d  a t th e ir  b a sa l 
su rfa c e  fo rm in g  a  b o ttle  sh a p e , h e n c e  th e se  c e lls  a re  c a lle d  b o ttle  ce lls . T h is  
re su lts  in  th e  fo rm a tio n  o f  a  s li t- l ik e  in v a g in a tio n  c a lle d  b la s to p o re . T h e  
in itia l in v a g in a tio n  is c a lle d  th e  d o rsa l lip  o f  th e  b la s to p o re . E v e n tu a lly , th is  
in itia l in v a g in a tio n  w ill  sp re a d  in  c irc u la r  fa s h io n  fo rm in g  a  c irc u la r  
b la s to p o re  w ith  d o rsa l, v e n tra l  a n d  la te ra l lip s.

F u tu re  m e s o d e rm  c e lls  m ig ra te  to w a rd  th e  b la s to p o re , w h e n  th e y  re a c h  
th e  d o rsa l lip  o f  th e  b la s to p o re , th e y  fo ld  b a c k  o n  th e m se lv e s  a n d  c o n tin u e  
m o v in g  to w a rd  th e  fu tu re  an te rio r. A s  c e lls  in v o lu te  o v e r  th e  b la s to p o re , th e  
a rc h e n te ro n  is fo rm e d  w h ic h  d isp la c e s  th e  b la s to c o e l. W h ile  in v o lu tio n  is 
o c c u r in g  a t th e  b la s to p o re  lip s , th e  e c to d e rm  p re c u rso rs  a re  sp re a d in g  o v e r  
th e  e n tire  e m b ry o  b y  th e  p ro c e ss  o f  ep ib o ly .



L A B  A C T I V I T Y  # 1 :  E x a m in e  t h e  a v a i la b l e  m ic r o s c o p ic  s l i d e s  a n d  
l e a r n  t o  i d e n t i f y  t h e  s t r u c t u r e s / f e a t u r e s  l i s t e d  i n  b o l d .

C le a v a g e  S ta g e :  In  e a r ly  c le a v a g e  s ta g e  a m p h ib ia n  e m b ry o s , th e re  
a re  la rg e  m a c ro m e re s  a t th e  v e g e ta l  p o le  a n d  sm a lle r , m o re  
n u m e ro u s  m ic ro m e te rs  a t th e  a n im a l  p o le . T h e  c le a v a g e  fu rro w s  
h a v e  n o t c o m p le te ly  b is e c te d  th e  m a c ro m e re s . B e c a u se  c le a v a g e  
o c c u rs  m o re  ra p id ly  a t th e  y o lk - f re e  a n im a l re g io n , c e lls  w il l  d iv id e  
m o re  ra p id ly  h e re  th a n  a t th e  y o lk  r ic h  v e g e ta l  p o le . S o  a f te r  tim e , 
th e re  w il l  b e  m a n y  sm a ll c e lls  a t th e  a n im a l p o le  a n d  few er, la rg e r  
c e lls  a t th e  v e g e ta l  p o le . A s  th e  e m b ry o  d iv id e s , a  f lu id - f i lle d  c a v ity  
c a lle d  th e  b la s to c o e i  a p p ea rs . T h e  f e r t i l i z a t io n  e n v e lo p e  is s till  
v is ib le .



B ia s  tu la  S ta g e :  T h e  c le a v a g e  s ta g e  c u lm in a te s  w ith  th e  fo rm a tio n  
o f  a  b la s tu la  c o n s is t in g  o f  a n  o u te r  la y e r  o f  c e lls  s u r ro u n d in g  a 
f lu id - f i l le d  b la s to c o e l .



Y o lk -p lu g  s ta g e :  G a s tru la t io n  b e g in s  w h e n  a g ro u p  o f  c e lls  o n  th e  
fu tu re  d o rsa l s id e  o f  th e  e m b ry o  s in k s  in to  th e  e m b ry o  fo rm in g  th e  
d o r s a l  l ip  o f  th e  b la s to p o re . C e lls  m ig ra te  to w a rd  th e  b la s to p o re  
a n d  w h e n  th e y  re a c h  th e  d o rsa l lip  o f  th e  b la s to p o re , th e y  fo ld  b a c k  
o n  th e m se lv e s  a n d  c o n tin u e  m o v in g  in w a rd . A s  c e lls  m o v e  in w a rd , 
a  n e w  p o u c h  is fo rm e d  c a lle d  th e  a r c h e n t e r o n ,  th e  fu tu re  g u t. A s  
g a s tru la tio n  p ro g re s s e s , la te ra l  a n d  v e n t r a l  l ip s  a re  fo rm e d  o v e r  
w h ic h  a d d itio n a l c e lls  in v o lu te . T h is  fo rm s  a r in g  a ro u n d  th e  la rg e , 
y o lk y  e n d o d e rm  c e lls  c re a tin g  th e  y o lk  p lu g .



N e u r a l - p l a t e  s ta g e :  N e u ru la t io n  is a  se q u e n c e  o f  m o rp h o g e n e tic  
e v e n ts  c u lm in a tin g  in  th e  fo rm a tio n  o f  th e  n e u ra l  tu b e . N e u ra l  
e c to d e rm  c e lls  re s id e  o n  th e  d o rsa l su r fa c e  o f  a  la te  g a s tru la . A f te r  
g a s tru la tio n , th e s e  c e lls  b e g in  to  m o v e  to w a rd  th e  d o rsa l m id lin e  
a n d  th e  fu tu re  an te rio r. S im u lta n e o u s ly , th e  c e lls  e lo n g a te  a n d  
fo rm  a r a is e d  p la te  c a lle d  th e  n e u r a l  p l a t e  o n  th e  d o rsa l s id e  o f  th e  
e m b ry o . A  d e p re s s io n  c a lle d  th e  n e u ra l  g ro o v e  d e v e lo p s  a lo n g  th e  
m id lin e  o f  th e  n e u ra l  p la te  a n d  r id g e s  o f  c e lls  c a lle d  n e u ra l  fo ld s  
a rise  a lo n g  th e  b o u n d a ry  b e tw e e n  th e  n e u ra l  p la te  a n d  th e  
s u r ro u n d in g  e p id e rm is . T h e  a n te r io r  p o r t io n  o f  th e  n e u ra l  p la te  w ill  
g iv e  r is e  to  th e  b ra in  a n d  th e  p o s te r io r  p a r t  th e  sp in a l co rd . T h e  
re m a in in g  e c to d e r m  c e lls  a s su m e  a sq u a m o u s  o r  f la t  sh a p e  a n d  
w ill  fo rm  e p id e rm is .



S e r ia l  c ro s s  s e c t io n s  o f  4 m m  e m b ry o s :  S e r ia l se c tio n s  re p re s e n t  a 
se rie s  o f  su c c e ss iv e , p a ra lle l  se c tio n s  c u t th ro u g h  th e  e m b ry o  fro m  
a n te r io r  to  p o s te r io r . D if fe re n t  s tru c tu re s  w il l  b e  v is ib le  
d e p e n d in g  o n  w h a t  p a r t  o f  th e  e m b ry o  th e  se c tio n  c a m  fro m . In  
4 m m  a m p h ib ia n  e m b ry o s , th e  n e u r a l  t u b e  is v is ib le  o n  th e  d o rsa l 
s id e  o f  th e  e m b ry o  as a  ro u n d  tu b e  ly in g  o v e r  th e  n o to c h o r d ,  a 
su p p o r tiv e  e le m e n t o f  m e s o d e rm a l o r ig in . O n  e ith e r  s id e  o f  th e  
n o to c h o rd  a re  c h u n k s  o f  m e s o d e rm  c a lle d  s o m ite s . V en tra l to  th e  
n o to c h o rd  is th e  g u t  tu b e .  N o te  th a t  n o t  a ll o f  th e se  s tru c tu re s  w ill  
b e  p re s e n t  in  e v e ry  se c tio n . E x a m in e  y o u r  se c tio n s  a n d  n o te  
w h ic h  se c tio n s  th e  n e u ra l  tu b e , n o to c h o rd , so m ite s  a n d  g u t tu b e  
a re  p re s e n t  in.



L A B  A C T I V I T Y  # 2 :  P r e s e r v e d  e m b r y o s :  e x a m in e  t h e  a v a i la b l e  
s t a g e s  o f  p r e s e r v e d  a m p h i b i a n  e m b r y o s .

Y o u  s h o u ld  b e  a b le  to  id e n t i fy  t h e  fo llo w in g  s t r u c tu r e s :  C l e a v a g e  

f u r r o w ,  a n i m a l  a n d  v e g e t a l  p o l e ,  b l a s t o m e r e s ,  b l a s t o p o r e ,  y o l k  

p l u g ,  k e y h o l e  s t a g e ,  n e u r a l  p l a t e  n e u r u l a ,  n e u r a l  f o l d  n e u r u l a ,  

n e u r a l  t u b e  n e u r u l a ,  d e v e l o p i n g  e y e ,  s t o m o d e u m


