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Lecture 1: 
 
GAMATOGENESIS &FERTILIZATION: 
 

 we could introduce our serious discussion of 
embryonic development by describing the fertilized 
egg and its early activities. It is fitting, however, to 
begin by describing the formation of the gametes   -
sperm and eggs-that must unite in order to produce 
the fertilized egg. Gametogenesis is  concerned with 
just that process. It is subdivided into (1) 
spermatogenesis, the formation of  sperm and (2) 
oogenesis, the formation eggs, or ova. 

 



 we outlined the activities of the chromosomes during 
meiosis, the form of nuclear division associated with 
gametogenesis that reduces the chromosome number 
from diploid to haploid in both sperm and eggs. In 
that discussion, however, we did not describe the 
significant differences between the formation of a 
minute, motile sperm and that of a large yolk-laden 
egg. Here, we shall describe in detail the cellular 
activities that distinguish spermatogenesis from 
oogenesis, remembering that the chromosomal 
activities per se are identical in the two processes. 

 



 
:المحاضرةالاولى  

:تكوين الكميتات والاخصاب  

                                                                        

                                                        sperm       

        Egg                     ,                                  

Gamet ogenesis  :               



1- spermatogen sis  :             sperm. 

2-  :          oogenesis             Eggs         . 

                             في  ث  ء  لا       (        ) في       

    ث  لا           ي   ذي        ع        meiosis  لا     ي  

 diploid            ي    زل               ي      ع           

haploid          ع      في هذه .في  ل                    

         لا       لا   ف      ع                   غ         ك 

                            ح ه         ف   ل  لا                 ي 

ذ       لا                  ,    ز                              

.   ي              في   ع         



SPERMATOGENESIS 
 
 First, we shall outline the events involved in 

spermatogenesis to provide a framework for discussing 
some of the more interesting, recently discovered 
aspects of the process. The area in the testis where 
sperm are the seminiferous tubules, consists of two 
important types of cells: the germ cells, which arc in 
various stages of meiosis, and the Sertoli cells, which 
support and nourish the developing sperm cells. The 
Sertoli cells probably supply the developing sperm 
cells with specific factors that cause growth, division, 
and differentiation (Figure 1-1) 

 



Figure 1-1. Section of a mammalian seminiferous tubule, showing cells 

undergoing meiosis. From B. 1.Balinsky, Introduction to Embryology, 4
th
 

edition (Philadelphia: W. B. Saunders Co., 1975), p. 19. 



Spermato  genesis ) تكوين الحيامن (  
 

       لا   ث          في                    ز ه         :    لا  

في .         ع        ب       ف      ث      غ      ث  في هذ    ع    
testis       ذ           َ                   ب   ل       Semini  

ferous  tubules                                :       

   ي          ل     ف      لا       لا  ز  ي  ,germ cells    ث      

                    sertoli cells  ,                  ي        غذي   

                         ز                         ع   ل ,          

( 1-1     )        ً      ز ً ,          ب     ً   

 



 Primordial germ cells do not originate in the gonad, 
but migrate or are carried by the blood to the gonad 
from other regions of the body. Most evidence suggests 
that the sperm and egg cells and derived from the 
primordial germ cells that take residence in the 
gonads. 

 The primordial germ cells in the sperm-forming 
(seminiferous) tubules of the testis give rise to the 
spermatogonia , the cells that eventually develop into 
sperm. In many vertebrates, the spermatogonia are 
located in the outer region of the seminiferous 
tubules. As the spermatogonia develop and mature, 
they move toward the inner region where the lumen or 
canal of the tubule is located (Figure 1-1). 

 



 لا      في   غ   .                 ل Primordial  germ cells           ث      لا            

                                        غ       لا   ء  لا    في       ,  غ ب  لا             

                             ث      لا        ي      في   غ   .            ث      لا     في 

 )     (  ع ي      testis                في Semini  ferous  tubules لا    ب                

 -             )          ذ   (           ي      في                  sperm at ogoniaل 

sperm      في   ع         ف                   . vertebrates                  في         

                                ك        Semini  ferous  tubules      ب                 

                 في       لا   ب lumen                  ذ       



 Large numbers of spermatogonia accumulate through 
mitotic cell division in the testes of most vertebrate 
males. As the male reaches sexual maturity, some of the 
spermatogonia continue to divide, but others undergo a 
noticeable increase in size. These cells are committed to 
divide meiotically and become sperm. These enlarged 
cells are now called primary spermatocytes. Just as in 
mitosis, each chromosome duplicates itself in the last 
premeiotic interphase so that each primary 
spermatocyte chromosome is formed of two identical 
chromatids with identical DNA content, joined at their 
centromere regions. The chromosomes synapse in pairs 
to form tetrads during the zygotene stage of prophase I. 

 



 Mitotic cell division                                         ل  لا                 لا        

        ل   ذ                   ي  ع                          ع   ذ      ف            

  لا      .     لا     ع  ي                            ك               ف             

.   ك                       لا   ع  ف                   sperm لا  ز  ي     ح       

 ف  .  ل                mitosis في  لا       لا     ي  Primary spermatocyte لا        

            ي      ل  لا        لا       لا      ل                   interphase ف   في       

                      ف       ل             Primary spermatocyte          لا        

DNA ف ل ,                       ز   .        ل          ي   Chromosome synapse  

 في     Zygotene stage في  ث  ء             ب tetrads      ز    ً           ل       ي 

  prophase I     ي  لا ل  



 At the following pachytene stage, the process of crossing 
over takes place Crossing over. Homologous chromosome 
segments are exchanged by a process of rupturing two 
nonsister chromatids at the same level and subsequently 
rejoining the four broken ends in opposite orientation. 
This is the basis for genetic recombination between genes 
that are physically located (linked) on the ame 
chromosome. After an exchange, two of the four meiotic 
products will contain recombinant, or crossover, 
chromosomes, and the other two noncrossover 
chromosomes. 

 



  ث        يفي             PaKytene stage   ث    ع          

Crossover                           Homologus 

chromosome      ل                           غ    لا     two 

non sister  chramato                      فس             ع  

هذ            ً لإ           لا  ع             لا   ه            

  فس            (       )      ثي                ي             

   ع                 ث          ع                 ز    ً     , ع        ل 

  .               لا            غ     ع      



At telophase I, the primary spermatocyte 
divides into two smaller secondary 
spermatocytes, each of which undergoes the 
second meiotic division to form even smaller. 
spermatids. These are normal-looking, round 
cells with round nuclei. Each spermatid then 
differentiates without further division into a 
functional, motile sperm. This cytoplasmic 
transformation of spermatids into sperm is 
called spermiogenesis, not to be confused with 
spermatogenesis. Figure 1-2 summarizes the  
process of spermatogenesis. 
 



  

 Primary ,                        لا        telophase           في             ي  لا ل 

spermatocyte  ث                       ث       لا غ        

spermatocyte  secondary              َ    ً    ل        ع  ي        ً    ز    ً ث   

spermatid             هي         ع                        ,   ل  spermatid      ز      

   spermatid ز       لا                   ك    في        لا           ز    غ   ف      ل 

       )              (spermtiogenesis )                    (    )      .21           )

.              



Figure 1-2: Summary of 
spermatogenesis. 

. 



OOGENESIS 
SUMMARY OF EVENTS 
 
 Before looking at the development of female gametes, let us summarize the process of 

oogenesis. In this way, we shall have a framework for discussing the findings that follow . 
 1-Primordial germ cells, as indicated in our discussion on spermatogenesis, do not 

originate in the gonad. Instead, they migrate or are carried to the gonad from other 
regions of the body 

 2-The primordial germ cells proliferate and give rise to the oogonia, the cells that develop 
into eggs. 

 3-Some of the oogonia grow. In some species, such as birds and reptiles. this growth can 
be quite striking. The volume might increase to 100,000 times the original volume. This 
extensive growth obviously provides the egg cell with the materials needed for the 
embryo to develop 

 4. These growing cells are called primary oocytes. While oogonia    have. the same 
amount of chromosomal DNA as normal body cells, the primary oocytes (like primary 
spermatocytes) possess twice as much chromosomal DNA as normal body cells, because 
the DNA duplicated itself during the last premeiotic interphase. 

 5. The primary oocytes like primary two spermatocytes, undergo two meiotic divisions. 
By the end of these divisions, the cells have only half as many chromosomes as normal 
body cells. Thus, haploid   eggs can combine with haploid sperm to to form diploid 
fertilized eggs 
 
 



Figure 1-3.Comparison of spermatogenesis 
and oogenesis. 
 



Figure 1-4. Mammalian oocytes. (a) Drawing of mammalian oocyte in its 
follicle, surround by follicle cells, From J. D. Ebert and I. M. Sussex, Interacting 
Systems in Development (New York: Holt, Rinehart and Winston, 1975), p. 17. 
(b) photo of cat oocyte in its follicle. Photo by Richard L.C. Chao. 
 



Figure 1-5. Forg’s and hen’s eggs. From I. B. Balinsky, An 
Interdiction to Embryology , 4th ed. (Philadelphia: W. B. 
Saunders, 1975). © 1975 by W. B. Saunders Co., p. 65. 
 



 
 

Oogenesis  تكوين البيوض: 
نحن , في هذه الطريقة , دعنا نلخص عملية تكوين البيوض , قبل النظر بتطور الكميتات الانثوية :ملخص الاحداث 

 :نملك هيكيلية لمناقشة النتائج التالية
 

1 –      ث      لا           pramordial .germ.cell  .                         spermtiogenesis          

 .لا      في   غ    ل هي             ل   غ       لا   ء  لا    في       

2-      ث      لا           primordial .germ.cell .            ث    ع ي      لا    oogonia  ي          

               . 

3-                ع oogonia   في  ع   لا   ع     species         ثل bird      ز   reptiles         هذ

            ع          ز           .              لا  ي  10000                      ً           ز        

                              . 

4-         ك                                     لا  primary oocytes                   oogonia               ك  فس   

D.N.A    لا                              لا            ك  ع                  ,                ع                 D.N.A    ب       ,              ع   

D.N.A ف   في  ث  ء            ي  لا         ل  لا       لا  ز  ي   

5-         ك                     ,                 لا                               لا        ف ي  ع  ي             ز              ك  لا          

                  ع   haploid egg                                          haploid sperm  ك               .              ع   

 . diploid egg  ع   

 

 

 



SUMMARY 
 
 Gametogenesis results in the formation of haploid gametes. Genetic 

information is mixed in gametes by the process of crossing over and the 
random distribution of maternal and paternal chromosomes during 
meiosis Male become highly specialized as a result of the 
differentiation of spermatids. During the growth phase of the first 
meiotic prophase, female gametes accumulate vast stores of the RNA, 
protein, and other substances essential for development. The first and 
second meiotic divisions preserve these stores by unequal cytoplasmic 
divisions. Thus, only one large, functional egg is formed from each 
primary oocyte. 

 The next step in our study of embryology is fertilization. In this 
process, male and female gametes join to form the fertilized egg or 
zygote. We shall see how the relatively inactive egg is suddenly turned 
on to produce the multitude of materials required for the rapid 
development of a newly formed being. 
 



 ملخص
                     Gametogenesis                         في     

Gametogenes haploid is     ثي    ز  في           ع              
 crossing over and random distribution   ع         ز ع   ع    ي 

 في  ث  ء  لا       لا  ز  ي            ذ        ح .              لاب   لا  
 في  ث  ء             . spermatid                               ز 

          لا ث                  ز        ع    ‘            ي  لا  ز  ي  لا ل 
RNA                                  .    لا         لا  ز      لا 

   ث        ف     ك      ز                     ز    غ             ه ذ  
 .                    ف                   ل                    

 في         في      لا     لا   ب               Fertilization  في هذه
    zygote  ع                      ذ       لا ث                         

       غ   فع              ل    ل ف   ي              ث                   ع 
 في               

 
 



Fertilization:- 
 
 With this background in the larger structural aspects 

of fertilization, we can examine the fertilization 
reaction at the molecular level. The story at the 
molecular level is still incomplete, but a body of 
fascinating information is beginning to emerge 

  - الاخصـــاب:-

   ذه     ف   لا   ث                       ب   ف      ف  ل  

                 ز  ي      غ         .  لا    ي             ز  ي 
.          ه  ك  ع         ع                      ز   



THE BIOCHEMICAL AND PHYSIOLOGICAL 
EVENTS OF FERTILIZATION 
 
 At the beginning of this chapter we asked: What turns on 

the complex series of metabolic events that occur in eggs 
after the initial sperm contact? Some of the mysteries 
clouding this question have recently been solved. Let us 
now examine some of the physiological and biochemical 
events that occur during fertilization and egg, activation. 

  - الاحداث البايوكيميائية والفسيولوجية للاخصاب :-

 ذ                 ع        لا   ث :       هذ    ف ل        ل   

 لا        ي    ث في         ع      ل        ؟  ع   لا        ل 

 . هذ     ؤ ل 

 



    ث                  لا   ف    لا   ث   ف                            ي    ث في  ث  ء 
. لا   ب   لا               

 ACTIVATION OF EGGS BY AN ACROSUMAL PROTEIN 

 How do sperm activate eggs ? Recently, Cross, Hornedo, and Gould-

Somero prepared a fraction of acrosomal material from Urechis sperm. 

The fraction contained a basic protein (consisting of  50% lysine and 

arginine  and less than 0.1%  carbohydrate ) that binds to and 

agglutinates Urechis eggs, sea chin  egg and zygotes of the alga 

Pelvetia. Urechis eggs treated with this "binding protein were activated 

and began to develop. A surface coat elevated, the germinal vesicle 

(nucleus) broke down, and polar bodies formed. A transient, positive 

shift in egg membrane potential (similar to the depolarization that 

occurs at fertilization) also occurred in eggs treated with binding 

protein These workers  may have discovered the sperm protein that 

activates the egg may during the normal   fertilization reaction. 

 



 - تفاعل البيضة ببروتين الا كررووو  :-

 
  ف  ل         ع        ؟    ث      Gould-somero ,Hornedo,cross 

  (         50%      ه       %0.1                 ل      )          ي   

       فذ .pelvetia                    ب (   فذ      )urechis    ل       

      urechis                   ع  ل   ذ binding protein))             ذ   ف  ل 

        لا              (        )             ث     ,    غ        ي   فع .

        ز     لا     ب )            ل  لا    ي   ع    في غ  ء                  ل 

ً (    ي    ث   لإ   ب    ك  لا   ل .    ث في           ع                          

 .                     ذي   ف  ل  ع        في  ث  ء    ف      لا            ع   

 



TIMETABLE OF EVENTS FOLLOWING 
FERTILIZATION 
 

 Figure 2-12 gives the timetable of events that follow the 

fertilization  representative system, the egg of the sea urchin 

Strongylocentrotus purpuratus. As mentioned previously, much 

of the work in this area has been done with the sea urchin, 

because massive numbers of eggs and sperm can be removed 

from these animals in the laboratory and because all of the 

early events of fertilization can easily be observed in the 

laboratory, in sea water 

 



 - الجدول الزمني لأحداث الاخصاب المتتالية :-

 ع ي    لاً ز    ً     ث  لا   ب           في             ثل ,         فذ 2 12-               

      strongylocenirotus purpuratus                ذ              ث        ع ل في هذه  . 

      ي    فذ          ب   ع        ل                            ذه     هذه           في 

            ب  ل  لا   ث              ب      ع                   في         في   ء       

 . 



 The sequence of events that follows the contact between 
the sperm egg is as follows: 

 1. influx of sodium ions 

 2. liberation of calcium ions from intracellular depots 

  The time scale shows seconds elapsed after sperm binds to 
egg. From D. Epel "The Program of Fertilization,ˮ Scientific 
American 237 (1977): 29 Copyright ©1977 by Scientific 
American, Inc. All rights resrved. Used with permission. 

 3. Cortical granule reaction, release of acid, and another 
major influx of sodium ions . 

 4.  conversion of NAD to NADP . 

 



 5.  rise in oxygen consumption . 

6. completion of fertilization membrane. 

 7. increase in intracellular pH (decrease in 
acidity). 

8. increase in protein synthesis. 

9. activation of transport systems. 

 10. fusion of egg and sperm nuclei. 

 11. initiation of DNA synthesis. 

 12. first cleavage division of zygote.                                               

 



Figure 2-12. Timetable of events following fertilization of the sea urchin 

egg. 



1-                فق  . 

2-         ل                            . 

3-                 ف           ,              ,  ف  ل                      
 . لا    

-4  ل   NAD      NADP . 

5-        ز          ك  لا. 

6-  ل   غ  ء  لا    ي     . 

7-      زPH         ل   (             . ) 

8-           ز         ع. 

9-  ف  ل          ل . 

10-                            . 

11-  ع      DNA . 

12-                 لا          ف  ي  لا ل   . 

 



SUMMARY 
 
 The fertilization process is important to us all. It marks 

the beginning of the new organism, and provides for 
mixing the genetic information from the mother and 
father to form a new, unique being. This chapter gave a 
glimpse of the complexities involved in fertilization. 
We examined how the sperm penetrates the outer egg 
coats and how it fuses with the egg plasma membrane. 
We observed the egg cortical reaction and how it can 
provide a block to polyspermy. At the molecular level, 
we noted some of the many biochemical. 

 



Figure 2-22. Model of the molecular basis 
of sperm-egg recognition. 
 



  The lock and key scheme may involve a protein (bindin) 
on the sperm interacting with suger groups on the egg 
surface. The size relationships of these hypothetical 
molecules are greatly exaggeratedreactions that become 
activated upon fertilization and described how events 
such as release of ions and change in cellular pH trigger 
some of the other events. Finally, we looked at the 
molecular basis of sperm-egg recognition and examined 
molecules such as fertilizing and bindin that have been 
implicated in mediating gamete contact. The exploration 
of fertilization, however, has barely begun"How can a tiny 
sperm that fuses with only 0.0002 percent of the egg 
surface trigger the multitude of changes that occur in the 
new zygote?" 

 



 ملخـــص :-
 
                           ث   ز     ع           ث      ,        لا   ب                  ع  هي    

هذ    ف ل  ع ي            ع         ي       .  لا    لاب                   ف                 

 لا   ب      ف           ق         غ ف                               ع   غ  ء     ز ي        

      ع  .         ف  ل                     ث لإ        ع         ي             ز ي . 

   ف                       ي    ح   ف           ك  لا   ب         ف    لا   ث  ثل       لا      

     ي         ع   لا   ث  لا       ل     ي               س    ز ي     ز       PH  غ   

       لا                      ع         bindin and fertilizin          ف    ز        ع    ثل

     ح                غ        ث       ي    ث في               %0.0002   غ                 ي 

        . 

 



END 



Lecture2: 
Cleavage&Blastula in Amphioxus,Amphibians and Bird: 
 
 Fertilization has occurred. The zygote has become "activated." 

Many synthetic reactions have begun. What next? When we 
think of an embryo, we think of a multicellular organism. At this 
point, all that exists is a single cell the fertilized egg. The division 
of the fertilized egg, call, cleavage, transforms the single cell into 
many cells, called blastomeres in early embryos Cleavage is 
visually dramatic and can easily be observed in many embryos in 
the laboratory. Such observations lead to some interesting 
conclusions. One is that the pattern of cleavage is not the same 
in all organisms. In this chapter, we shall briefly examine some of 
the different ways in which embryos cleave. In addition, we shall 
look at some of the mechanisms and factors that influence 
cleavage patterns and the cleavage process itself. By the end of 
this chapter, our embryos will be multicellular, ready to twist and 
turn to form into something that begins to resemble a "real 
organism. 
 



We shall first examine various patterns 
of cleavage and describe some of the 
factors that appear to influence these 
patterns. Representative embryos will 
be selected that illustrate the concepts 
of interest. 

 



 ع          .                   ح فع    , ع     ث  لا   ب  
ف   ه         ؟      ع              ً   ع          ,  لا                  

             .   ذه                      ف                    
cleavage                   ف     ه     ل           ف              

blastomere          ع  لا      .   ع       ف    . في  لا            
          ً      ً    ً             في          لا    في         

. ثل هذه            ؤ ي      ع   لا            ث      
          ذ       ف   لا       ف   في  ل          في هذ    ف ل      

ف  ً    ذ ك          .    ز  ع        ق       ف  في  ف    لا    
 ع                  ع   ل    ي   فز     ذ       ف             ف   

في       هذ    ف ل    ح  لا      ع               ع       ف   ,  ف      

.                                    ي       ي            

 المحاضرة الثانية                                                                         
التفلج والاريمة في الرميح والبرمائيات والطيور   

 



      ف     لا   ذ          ف        ف    

  لاً       ع    ع   ل    ي         ف ز   ك 

 لا   ذ        لا         ث                ح 

.   ف ه           



TOTAL CLEAVAGE 
 
 Total, or holoblastic, cleavage is a cleavage in which the 

divisions pass through the entire fertilized egg. This type of 
cleavage occurs in embryos with a small or moderate 
amount of yolk, such as the sea urchin, Amphioxus, the 
frog, and most mammalian embryos. Dense accumulations 
of yolk retard cleavage. 

 التفلج الـــكامـــل 

  ف        ل   holo blastic cleavage     ف    لا           ل                 هذ      ع       ف

      ح ,   sea urchin ثل   فذ       ,    ث في  لا       ي             ح  غ              

Amphioxus  , ف ع    frog     ع                            ث      ح  ؤ      ف  . 



FROG EMBRYO AND THE INFLUENCE 
OF YOLK ON CLEAVAGE 
 
 The influence of yolk on cleavage is nicely shown in the frog egg, which is 

moderately telolecithal. That is, yolk is substantially more concentrated in the 
vegetal hemisphere of the egg than in the animal hemisphere. The animal 
hemisphere is the region of the egg where the nucleus resides; the vegetal 
hemisphere is the other half. When eggs are free to rotate, the animal 
hemisphere is usually up; the more dense, yolky vegetal region is down A low 
power lens reveals that the first cleavage division in the frog begins in the 
pigmented animal hemisphere and slowly moves down. Vertically (meridonal 
cleavage) through the more yolky vegetal hemisphere. The yolk retards the 
movement of the cleavage furrow through the vegetal region. Before the first 
division is completed, the second division often begins in the animal region, 
also vertically, at right angles to the first (Figure 3-1). Yolk thus retards the 
movement of the division plane into the vegetal region. The first two cleavages 
are total, however, and eventually pass completely through the yolky vegetal 
area. The third cleavage in the frog embryo is horizontal (equatorial) This 
cleavage does not separate the embryo exactly in half. Instead, it is displaced 
toward the animal region so that the upper (animal) cells are smaller than the 
lower, more  yolky vegetal cells.  
 



Figure 3-1. Cleavage in the frog. 
 



   ف ز    ح        ف                  ه   في         ف ع  
 moderately   ي        ف      ح        ع         

telolecithal                    ح        ث      ز ً في   

vegetal hemisphere     ي                           

animal hemisphere                  ي   َ            . 

                  ي   َ   ,          ذ                    

       ,        لا                                  

             ي         ث   ث ف                           

                غ        .           ي        لا فل 

          ف    لا ل     ف ع   ذ                        ي 
 cleavage            ك    ء   ث     فل        
meridonal .  ل                  ي     ي    



           ؤ     ح       لا        ف     ل                 ل  لا       لا ل          ل  لا      

ه ذ  )   (Fig3-1  ث  ي  في                    ي      ,                 ز               ل      ً 

     .     ف         ح  ؤ               لا         ل               .    ف      لا          

 . هذ     ف   لا  ف ل           ل horizontal(equatorial  ث  ث في         ف ع              ً ) 

   ل         ل ذ ك  ز                             ذ ك                    ع           غ     

                 لا ث   ع    ف              ذ     ف   في    ف ع      ً  غ       ً  .



 The  cleavage pattern of the frog is thus total and 
unequal. Continued division results in many small 
animal cells and fewer, but larger, vegetal cells 
(Figure 3-1) 

        لا             في          ب        ي  لا غ   

         ل 

 Fig 3-1        ب      ي            



 Yolk is obviously important in frog cleavage. The nucleus lies 
at the top of the dense yolk. Since the mitotic spindle forms 
near the nucleus, the cleavage furrows start at the animal pole 
region and move toward the vegetal area, retarded by the 
dense yolk. The third cleavage is also influenced by the yolk 
because of its position above the equator. Since the mitotic 
spindles form in conjunction with the nuclei, they too are 
displaced above the equator. In this way, the yolk directly 
causes the third cleavage to occur closer to the animal pole. 
Smaller animal cells (micromeres) now separate from the 
larger vegetal cells (macromeres). When they do so, the nuclei 
divide and the vegetal nuclei sit atop the dense yolk of the 
vegetal cells. The smaller, less yolky animal cells continue to 
cleave more rapidly than the yolky vegetal cells. In this way, 
the frog embryo takes form with yolk determining the size of 
the cleavage blastomeres.                                                          

 



 وتقع النواة   في .ويكون المح يكون واضح الاهمية  في تفليج  الضفدع

قمة المح  الكثيف من المعلوم تكوين المغزل  في الانقسام الاعتيادي  

اخدود التفلج   قرب النواة يبدأ بمنطقة القطب الحيواني ويتحرك باتجاة 

والتفلج الثالث يكون  . مساحة القطب الخضري  الذي يتأخر بالمح الكثيف 

من المعلوم . بسبب  موقعه فوق خط الاستواء   متأثر بواسطة المح  ايضا

وهي تزيد الازاحة , تكوين مغزل الانقسام الاعتيادي يكون مدمجاً بالنواة 

حدوث لالمح التفلج الثالث ل بيسب,  في هذه الطريقة .فوق خط الاستواء 

 .الاقرب للقطب الحيواني 

 



 لا    ف ل             ب micromeres)              ب        ي  لا غ  )  ع          غ  

 (.        ح ذ ك ؟                             macromeres       ي  لا    )  ع             

  ع         ح    ث                     .          ب        ي  لا غ    لا ل    ً         ث  

                 ب                .  في هذه         ,        ف ع    ذ          ح           

   ع  لا          ف    .



In vertebrates and in certain other 
organisms (cephalopods, nematodes, 
and tunicates), the blastomeres become 
arranged across a plane of bilateral 
symmetry at some time during cleavage. 
In other words, a right and a left side of 
the embryo become established that are 
mirror images of  each other When this 
occurs, the pattern is called bilateral 
cleavage 
 



    في   ف                 لا(            

cephalopods                  nematodes        غ 

Tunicates  .)                 ع  لا         ح    

       ,               ي في        ف    في  ث  ء    ف   

     ب  لا      لا                 ح  ؤ   ً ,      

      هذ    لا   ذ        .         آ          لا   

 bilateral cleavage .        ف         ي 



AMPHIOXUS 
 The primitive chordate Amphioxus possesses small 

amount of evenly distributed yolk (an oligolecithal or 
isolecithal egg). The first three cleavages are much like 
those in the frog embryo. Because of the smaller 
amount of yolk, however, the third cleavage separates 
the animal and vegetal regions more equally. Thus, the 
animal and vegetal cells formed are nearly equal in size 
with the vegetal blastomeres only slightly larger. 

 



 الرميح 
 

 لا             ح             Amphioxus ك        غ          ح  وهو    

            ح  oligolecithal     زع             في                   ح 

isolecithal .      ل ث ث   ف           ث             ك          في  

    ف     ث  ث  ف ل     ق     ب ,    ب          لا غ        ح  .    ف ع 

ه ذ           ب        ي       ي .        ي       ي    ل   ث        ً 

 .                             ً  في        ع   ع                          

 



INCOMPLETE CLEAVAGE 
 
 In some organisms, the egg yolk is so concentrated in 

the vegetal region that all of non yolky cytoplasm 
floats on the yolk as a little cap. Such  strongly 
telolcithal eggs are produced  the sharks and rays, bony 
fish, reptiles, and birds.  We already know that a 
moderate amount of yolk retards cleavages what 
happens when almost the entire egg is dense yolk? 
Here, the cleavages divide only the non yolky 
cytoplasmic cap and do not affect the dense yolk at all. 
This is called incomplete cleavage (see Figures 3-12 and 
3-13) . 

 



 التفلج غير كرامـــل :- 
   ل          ز  غ     ي      في  ع            ح                ز     ب      ي            

             strongly telolecithal  ف         ح    ب  غ   ,  ثل        ف      ح      

 reptiles         bird    ز      bony    ع     rays  ذ    لا ع  sharks       ك       



    ف                             ح  ؤ  

ف  ذ     ث            غ      .    ف   

                ث ف     ح ؟ ه           ف    

    ب          ز ي غ       ي ف    لا 

          ح    ث       ل      هذ  

Fig3-12 and 3-13   غ        ل        ف 



 Insects and many other arthropods have eggs with the 
yolk concentrated in the interior of the egg 
(centrolecithal eggs). The non yolky cytoplasm is located 
in a thin surface layer around the yolk and in a small 
patch in the In center of the egg. The central patch 
contains the nucleus.In these egg the nucleus divides 
before any cytoplasm divides. Surrounded by eggs, small 
amounts of central cytoplasm, the divided nuclei move 
outward to ward the egg surface. The surface now 
consists of many nuclei in an uncleaved layer of 
cytoplasm. The cytoplasm then divides into 
compartments, each still connected to the central yolk. 
In time the cells separate from the yolk and use the yolk 
for nourishment. This type of incomplete cleavage is 
called superficial cleavage 

 



                  in sects    ع          ف       لا    arthropods ف   ك        ح    زي 

(          ز  غ       ي            ً  centrolecithalفي    ل        )         ز      ح 

في                     ل    ح    في   ع  غ    في    ز        ,      ع      ز       ي     

       . في   ك        ,                 ل  ي               ز ي .               غ       

         ز       زي ,                     ك                 ح        .      ح           

 لا         ع    في        غ       ف                ز   لا .           ز  ث           ل   ز ء  ل 

        ل    ح      زي .                 ف ل       ح     ع ل    ح    غذ   . هذ      ع    

 . superficial cleavage   ف   غ      ل         ف        ي 



Figure 3-12. Incomplete cleavage of chick egg. Surface view, 
looking down onto blastodisc at animal pole. (Modified from J .T. 
Patterson J. Morph. 21 (1910): 101-34.) 
 



Thus we see that in eggs with a small or 
moderate amount of yolk, cleavage is usually 
total. In eggs with highly concentrated 
regions of yolk, cleavage occurs only in the 
non yolky cytoplasm. Yolk, therefore, is an 
important factor in controlling the cleavage 
pattern, along with other factors such as the 
cycles of certain proteins  along with other 
factors such as the cycles of certain proteins 
and other, genetically controlled cytoplasmic 
factors. 
 



Figure 3-13 Comparison of Amphioxus, chick, and forg cleavage. 
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   ح  ذ          ح     ً     ً     . ف   

    ذ     ف      ث   ع   ل       ثل 

                       ل        ز       ي 

.         ث     
 



BLASTULA 
 
 Many embryos become transformed from a solid ball of 

cells (often termed a morula) into a hollow ball called a 
blastula. This transformation prepares the embryo for the 
various cellular rearrangements that shape the embryo in 
the next stage of development. 

 The forces involved in causing the solid ball of cells to 
become hollow in the sea urchin and similar embryos 
include osmotic pressure exerted from the influx of water 
into the ball. A buildup of macro molecules occurs in the 
center of the ball. This causes an influx of water and the 
pressure may push the cells outward. Other forces involved 
may include cell-cell adhesiveness surface tension, and the 
fact that the cells are attached to an outer elastic 
 



Figure 3-15. Possible mechanism of blastocoel formation. 
Dividing cells push outward, forming a central cavity.After 
Gustafson and Wolpert  Biol. Rev. 42 (1967): 442-98. 
 



 layer called the hyaline layer. If the cells 

attached to each other as they are divide, they 

will the elastic hyaline layer outward to form a 

central push cavity (Figure 3-15). 
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         ز                        فع   هي     ,        
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Blastula  vary in appearance in different 
species. Many are hollow balls  of cells 
the cavity (the blastocoel ) located in 
the center. Such blastulas are found in 
organisms such as the oligolecithal 
eggs, sea urchin and  Amphioxus 
(Figures 3-16) In embryos with a more 
uneven yolk distribution, such as the 
frog the blastocoel is displaced toward 
the animal pole (Figure 3-16) 

 



   لا                           لا   ع . ف  ع                   ف                ي   ي 

(     ع في      ز .  ثل  لا                  the blastocoel                  لا   ي )

 (  في  لا    Fig 3-16 and 3-17في               ً  ثل                 ح ,    فذ             ح )

   ذي   ز        ه     ب blastocoel  لا   ي ي   ز ع   ي غ       ً    ث   ثل    ف ع      

 ( .Fig3-16       ي  )



A blastula-like stage also occurs in very 
yolky eggs where the embryo proper 
develops as a cap atop an uncleaved mass of 
yolk, as in birds, bony fish and reptiles. In 
these embryos, however, a cavity does not 
form in the yolk Instead, it forms between 
the cap or disc of cells (blastodisc) and the 
uncleaved yolk. Some researchers do not 
consider such a cavity a true blastocoel 
because it lies outside (below) the embryo 
proper.  
 



Figure 3-16: Comparison of 
blastulas 



     ث                            لا   

              ثل    ي                      

    في ,        ب            غ     ف    

         لا   ك   ع        ز      في   ك 

 . لا             لا      في    ح  غ       ف  
  ع       ث لا  ع   ثل             

    ي     ي  لا   ه    ع        فل        

           لا              .        

( .     لا            )     لا   ي       



 No cavity appears at all in insects that have 
centrolecithal eggs and superficial cleavage. The cells 
form at the periphery of the embryo; the center 
remains filled with yolk. This can be considered a kind 
of blastula, if one imagines that the central cavity is 
filled with yolk. 

 We now have a ball or cap of cells. In the next chapter 
we shall see how these rather nondescript embryos 
undergo a remarkable process that ends in an embryo 
that begins to resemble what we think of as 
“realˮorganisms. We shall see how embryos become 
transformed by twists, turns, and cellular 
rearrangement. 
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 لا     ك          ب           في   ف ل     

                           ك لا          ً     
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         لا       ح        ,                   ي 
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END 



Lecture 3: 
Gastrulation in Amphioxus&Amphibians: 
Gastrulation 
 
 We have reached the point in embryonic development at 

which the embryo is a ball or cap of cells. It does not even 
slightly resemble the adult organism. How does this 
nondescript group of cells change into a layered embryo 
that resembles a familiar organism? We shall examine the 
important process of gastrulation in which the hollow ball 
of cells, the blastula, changes into a layered embryo, the 
gastrula, by cell movements and selective adhesion. Let us 
first, however, consider briefly the topic of fate maps. 
These are projections of how specific areas of early embryos 
develop at later stages. They will help us understand the 
movements that occur during gastrulation. 

 



 المحاضرة الثالثة -
 المعُيدة في الرميح والبرمائيات -    
       -:المعُيدة   -      

                                                                      

  ا  .                في                          ا      ا    ا       ا ب  ا       ا   

    ل     هاذ  لا  ا  ه اذ       ا   ا       ا  . لا                ي      غ         
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   ي    ز                                ا         اي      ا       ال .    ع    
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  FATE MAPS 
 Fate maps are constructed by marking specific areas on 

early embryos and watching these marks to see where they 
reside in later stages. Embryos are marked by pressing agar 
impregnated with vital stains (such as Nile blue sulfate or 
neutral red) against specific areas of early embryos, a 
technique first developed by Vogt. By observing the 
location of these marks in the older embryos, Vogt could 
construct fate maps that showed the fate of each 
embryonic region. Fate maps of Amphioxus, amphibian, 
and bird embryos are given in Figure 4-1. The term 
prospective (or presumptive) is used in the fate maps and 
relevant text to denote what a specific region will become 
as the embryo grows older 

 



الخرائط المصيرية                                                  
             *Fate Maps  

 

 ع         لا               ا ه     اك   ع  ا      اي                                            

 ثاال        اا    ) لا  اا    اا    ع  اا    ااغ    اا    اا     اا ب     اا غ         اا  .    اا         اال       اا  

    اال   اا          اا   اا  (neutral red    لا  اا       عااي blue sulfate    nile لاز ق      ااي  

,      اا     ااع   ااك   ع  اا     لا  اا  لا    .vogt     اا      اا      لا  اا     ف  اا  , لا  اا       اا   

   ااا   ع ف  ااا       ااا      ااا         ااا        اااي    ااا      ااا   ااال     ااا       ااا     ااا       ااا   ح 

Amphioxus  ,            amphibian         bird        1-7   ي       ع    في.Fig  . ح    

  اااا ع ل فااااي    اااا         اااا     (presumpltive     ع   ف اااا    ) prospective    اااال .     ااااع 

 .           ذ          لا                             ح          ي      

 



AMPHIOXUS AND AMPHIBIAN FATE 
MAPS:- 
 
 The fate maps of Amphioxus and the amphibian are similar (see 

Figure 4-1 )  The animal of each embryo gives rise to  epidermis 
and to the neural  plate which becomes the nervous system and 
associated structures. The prospective epidermis and prospective 
neural plate will make up the outer layer of the gastrula, the 
ectoderm. The middle or marginal zone of each embryo gives rise 
to the middle region of the gastrula, the mesoderm, which is 
composed of prospective notochord and prospective non-
notochordal mesoderm. The notochord is a rod that develops 
below the neural tube and supports the developing embryo. It 
usually disappears in the adult. The non notochordal mesoderm 
develops into many structures, including limbs, heart, muscles, 
kidneys and gonads. The vegetal region of the Amphioxus and 
amphibian embryos gives rise to the endoderm, the inner 
embryonic layer. This layer forms the gut and the derivatives of 
the gut tube. 
 



Recent work by Keller and colleagues 
suggests that vogt's amphibian fate 
map may need reevaluation for 
amphibians such as Xenopus (South 
African clawed toad, a frog). The 
prospective notochord and other 
mesoderm are in a different position in 
a fate map projected upon a late 
blastula. In Vogt's map, these 
structures are on the surface of the 
embryo. In Xenopus, 
 



Figure 4-1. Diagrammatic fate maps of 
major areas in the three embryos. 
 



 Amphioxus   الخرائط المصيرية للرميح والبرمائيات :*

and amphibian fate maps  
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Gastrulation 
 They appear to be located in deeper layers of the blastula 

and during gastrulation, move even deeper. 
 BIRD FATE MAP:- 
 The bird fate map shown in Figure 4-1 is different from the 

other two: the bird blastula is not a hollow ball, but a 
layered cap sitting atop the yolk. The fate map of the top 
(epiblast) layer is shown in Figure 4-1.This layer gives rise to 
the extraembryonic ectoderm (the membranes that lie 
outside the embryo), the epidermis; the neural plate; part 
of the notochord and all of the non notochordal 
mesoderm; the yolk sac; and the gut endoderm The lower 
(hypoblast) region gives rise to the endoderm and to the 
rest of the notochord. Thus, epiblast and hypoblast are not 
at all equivalent to ectoderm and endoderm 
 



Fate maps describe the fate of specific 
regions of the early embryo. We shall 
now describe how these regions get to 
their respective destinations. 
Gastrulation is the important process 
that facilitates these key cellular 
rearrangements. 
 



الخريطة المصيرية للطيور :                                       
        map *Bird fate  
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GASTRULATION IN AMPHIOXUS 
 
 Like the sea urchin egg, the Amphioxus is isolecithal.No 

excessive  amount of yolk hinders invagination. Let us examine 
gastrulation in Amphioxus and compare it with that in the sea 
urchin. 

 Gastrulation in Amphioxus also occurs by invagination, but not 
with the aid of secondary mesenchyme cells.Instead, the vegetal 
area first flattens, then bends inward or invaginates (see Figure 
4-6) The embryo begins to resemble a punched-in ball. The outer 
portion of the embryo, the ectoderm, consists of prospective 
epidermis and prospective neural system. The inner part of the 
cup, where your first would strike as the ball is punched in, 
consists mainly of endoderm, the prospective gut and gut 
derivatives. The mesoderm (prospective notochord and non 
notochordal mesoderm)  extends from the rim into the cup 

 



 Like the sea urchin, the Amphioxus gastrula now 
possesses a primitive gut, or archenteron. The 
opening of the archenteron to the outside is the 
blastopore. After examining gastrulation in the 
amphibian and bird embryo, we shall return to 
Amphioxus to investigate the next phases of 
development. These are the separation of the 
mesoderm and endoderm and the development of 
the nerve tube (see Figure 4-7) 



Figure 4-6. Gastrulation in Amphioxus. 
After Conklin, J. Morph., 54(1932) 69-118. 
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     Fig4-7. 



Figure 4-7. cross section through the Amphioxus gastrula. Note 
that the mesoderm and endoderm are not yet separated. Thus, 
the inner layer is called the mesendodem. The outer layer is the 
ectoderm. Modified from Conklin, J. Morph..54 (1932) 69-118. 
 



GASTRULATION IN AMPHIBIANS 
 
 We have seen that both the sea urchin and Amphioxus embryos 

possess only a small amount of yolk, and that that amount is 
rather evenly distributed. The amphibian egg (and embryo), on 
the other hand, is moderately telolecithal 

 the vegetal region contains much more yolk than the animal 
region. Cleavage in the amphibian embryo is unequal-the yolk 
retards cleavage in the vegetal region. Gastrulation is influenced 
by yolk as well. In the amphibian, unlike in Amphioxus and the 
sea urchin, invagination or "punching in'' of the embryo does not 
occur. Instead, cells move from the exterior to the interior of the 
embryo by active migration through a groove that forms at the 
surface of the embryo. The vegetal region of the amphibian is too 
thick and laden with yolk to allow the type of invagination found 
in the sea urchin and Amphioxus. 

 



 المعيدة في البرمائيات                                           
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SEQUENCE OF EVENTS: SURFACE VIEW 
 
 Figure 4-8 shows surface views of gastrulation in the 

amphibian. A slit, the blastopore, forms just below the 
equator. Cells from the surface of the embryo move 
inside through the blastopore. At first, this migration 
occurs only in a small region below the equator 
between the animal and vegetal hemispheres. The area 
just dorsal to this cleft is termed the dorsal lip of the 
blastopore This forms at the site of the grey crescent 
described in Chapter 6. Cells migrate over this lip, 
through the blastopore, and into the interior of the 
embryo. 
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As can be seen in Figure 4-8, the 
blastopore lengthens and becomes 
crescent-shaped, then semicircular, 
and finally a full circle. This results 
from the inward movement of cells on 
the surface of the embryo. The first 
cells to move in are from the dorsal area 
of the embryo. As the blastopore 
becomes 
 



Figure 4-8. surface views of amphibian 
gastrulation. 
 



 crescent shaped, cells from lateral regions of the 
embryo move in. Finally ventral cells move in, 
completing the circular blastopore. The lateral lips and 
ventral lip of the blastopore are simply the regions 
(lateral and ventral respectively) over which cells 
migrate into the embryo through the blastopore. 
When the blastopore is complete (forming a full circle) 
the center of the circle is filled with yolky endoderm 
cells. This plug of yolky endoderm is called the yolk 
plug (Figure 4-9). 
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MECHANISMS OF GASTRULATION 
 
 What causes surface cells of the amphibian embryo to 

move inward? Cells begin to change shape, first at the 
dorsal lip region. Then cellular movement begins. Cells 
expand and contract, reminiscent of the changes in the 
secondary mesenchyme cells of the sea urchin embryo. 
This expansion and contraction appears to play an 
important role in the inward movement of the active cells, 
as well as cells attached to the active cells. The forces 
involved in amphibian gastrulation are not well 
understood. They do, however, act even if the dorsal lip is 
removed and transplanted to a different part of the embryo 
In this case, the dorsal lip cells will migrate inward just as 
though they were in the proper position in the embryo  

 



Figure 4-9. Frog yolk plug (late gastrula). 
Courtesy of  Peter Armstrong. 
 



Figure 4-10. Gastrulation in the amphibian embryo. (a) 
to (d) Sagittal sections. (e) Cross section. (f)  Frog yolk 
plug, sagittal section. After W. Vogt, Roux Arch. (1929): 
385-706. 
 



 ميكانيكية المعيدة                                               
 

   ذ     ب                                      ك   ذ  لا     ؟  

ث              ,                 غ       ل   لا          ف          

 ذ      غ     في            ز       ,                    .         

هذ   لا                     ع ب     ً .  ث      في          فذ       

  ثل           ي     ق ,     ً في                       فع    

هي ,                في    ع             لا ف   .)         فع    

          ل  ع ل    ث فع ل ف   ف           ز ل      ل ,  ع ل 

        ف          , في هذه        ,      زء                 
                       ع     ق          



SEQUENCE OF EVENTS: CROSS-SECTION 
 
 Let us now slice the amphibian embryo in half and examine 

what occurs inside during gastrulation (see Figure 4-10). 
The notochord forms from cells that move from the dorsal 
surface of the embryo, over the dorsal lip region, through 
the blastopore, and stop inside the embryo below the 
prospective neural tube. The notochord forms the roof of 
the archenteron. The prospective epidermis and the 
prospective nervous system (which together comprise the 
ectoderm) expand over the entire surface of the embryo. 
The blastopore becomes circular, the notochordal 
mesoderm enters dorsally and the non-notochordal 
mesoderm enters laterally and ventrally. As the rim of the 
blastopore contracts, the yolk plug endoderm is pulled 
inside and disappears from the surface of the embryo. 
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END 



Lecture4:  
GASTRULATION IN THE BIRD EMBRYO:- 
 
 We have examined gastrulation in the sea urchin, Amphioxus, 

and the amphibian. In embryos consisting of cells with relatively 
small amounts of yolk (sea urchin and Amphioxus), gastrulation 
occurs by in-pocketing or invagination. In the amphibian 
embryo, the large, yolky vegetal cells prevent invagination; 
instead cells migrate into the embryo through a narrow slit, the 
bird embryo is quite different from those of the sea urchin, 
Amphioxus, and the amphibian. Cleavage occurs only in the little 
cytoplasmic cap that sits atop the large amount of yolk in the 
bird egg. At the blastula stage the cytoplasmic cap (blastodisc) 
has cleaved to form a multi- layered embryo, the blastoderm. 
The blastoderm sits above a subgerminal space that separates 
most of the embryo from the yolk below it. 

 



Gastrulation begins in the bird embryo 
when the blastoderm separates into two 
layers, the top epiblast layer and the bottom 
hypoblast layer (see Figure 4-11). The space 
between these layers is the cleft space. 

The second step is the movement of lateral 
cells toward the center. This produces a 
thickening, the primitive streak, at one end 
of the blastodisc. 
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 An indentation called the primitive groove forms down 
the midline of the primitive streak. The primitive groove 
functions in the same way as the blastopore of the other 
embryos. The primitive streak elongates, and cells move 
from the epiblast surface through the primitive groove 
into the cleft space. Now recall the bird fate map (Figure 
4-1). Some of the incoming epiblast cells form 
endoderm. These cells enter the hypoblast. The other 
incoming epiblast cells form the middle mesoderm 
layer. In the bird, therefore, gastrulation occurs only in 
the nonyolky cell cap. The yolk remains uncleaved and 
uninvolved in the gastrulation process 
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GENESIS OF EARLY EMBRYONIC 
STRUCTURES 
 
 How is a flat embryo, such as the bird gastrula, 

transformed into a three- dimensional entity? How are the 
structures that surround developing embryos formed? Let 
us begin with the bird gastrula and examine how this 
embryo takes shape. 

 BODY FOLDS OF THE BIRD EMBRYO 
 The bird embryo is transformed into a three-dimensional 

organism by a series of folds that occur in the embryo 
proper. Recall that the bird embryo sits atop the yolk as a 
layered sheet of cells. The embryo lifts itself off of the yolk 
by folds that occur anteriorly, posteriorly, and laterally. 
These folds are shown in Figure 4-12. Similar foldings occur 
in both reptilian and mammalian embryos. 
 



Figure 4-11. Bird gastrulation. 
 



The head fold occurs at the anterior 
end of the embryo, the tail fold at the 
posterior end, and the lateral body 
folds at the sides of the embryo. As a 
result, the embryo becomes a three-
dimensional cylinder above the yolk. 
The midgut region of the embryo 
remains open to the yolk. Neural folds 
also occur. 
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EXTRAEMBRYONIC FOLDS OF THE BIRD 
EMBRYO 
 
 The bird embryo now begins to resemble a real three-

dimensional organism. The body folds have 
transformed a flat sheet into  a cylinder that sits atop 
the yolk. Another series of folds occurs in the cells 
surrounding the embryo proper. These extraembryonic 
folds form membranes that protect the embryo and 
store its wastes (see Figure 4-13). 
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 The anterior extraembryonic somatopleure is the 
combination of the ectoderm and the mesoderm in 
contact with it anterior to the head fold of the embryo 
proper. This membrane folds over the head fold of the 
embryo Similarly, the posterior extraembryonic 
somatopleure folds over its sides. These folds are called 
the head, tail and lateral folds of the amnion 
respectively. They cover the embryo anteriorly, 
posteriorly, and laterally and fuse togather to form a 
double "helmet" that covers the embryo. The outer 
membane of the double helmet is called the chorion; the 
inner membrane, 

 



Figure 4-12. Body folds of the chick embryo. (a) and (b) are 
longitudinal sections. (c) is a cross section. (d) is a cross section 
through a 33 hr. chick embryo showing lateral body folds. 
 



Figure 4-13. Extraembryonic folds of the 
chick embryo.  
 



  the amnion. Each consists of somatopleure. 
The space between the amnion and chorion 
is called the extraembryonic coelom: the 
space between the amnion and the embryo 
proper is called the amniotic cavity. The 
amniotic cavity contains amniotic fluid, 
which protects the embryo from drying out 
and cushions it against mechanical injury. 
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 Another important sac, the allantois, develops as an out 
outpocketing of the hindgut It consists of splanchnopleure 
the combination of endoderm and splanchnic mesoderm 
(mesoderm that touches the endoderm). The allantois 
extends into the extraembryonic coelom and serves as an 
embryonic excretory organ in which uric acid is deposited. 
The combination of the allantois and the chorion is called 
the chorioallantoic membrane. This membrane becomes 
full of blood vessels and functions as a respiratory organ 
until the chick hatches. Oxygen from the outside passes 
through the shell into the chorioallantoic vessels: carbon 
dioxide passes out of the vessels and passes through the 
shell to the outside. 
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SUMMARY 
 
 Let us now review some of the important mechanisms 

that are in gastrulation . In the sea urchin, 
invagination occurs as a result of cell motility selective 
adhesiveness, and contractility. The active movement 
of the primary mesenchyme cells and the contraction 
of the filopodia of the secondary mesenchyme cells 
that specifically adhere to the animal end cause the 
vegetal plate of the sea urchin embryo to invaginate.  
Yolk quantity and distrubution also affect the 
gastrulation process. In the sea urchin and in 
Amphioxus, the relatively small amount of yolk 
permits invagination to occur. 

 



As the quantity of yolk increases, the 
pattern of gastrulation changes. In the 
amphibian, cells migrate into the embryo 
through a narrow slit. Invagination does 
not occur in the bird embry,the blastodisc 
sits a top the yolk the  entire gastrulation 
process, like the entire cleavage process, 
occurs in the nonyolky cap. 
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 Although many different patterns of gastrulation occur in 
various organisms, the end result is the same. Gastrulation 
rearranges the cells of a nondescript ball or cap to give them 
form and structure. In Chapter 12, we shall investigate the 
molecular mechanisms (such as selective cell adhesiveness) 
that control the cell rearrangements during gastrulation and 
other stages. 

 In the next chapter, we shall focus on how the embryo 
achieves a three-layered state, and how the nervous system 
forms. No attempt will be made to review these processes in 
or all ― or even most― types of organisms. Instead, certain 
systems will be described that provide basic examples of the 
relevant mechanisms. 

 



We began our study of embryology 
with sperm and egg cells. The embryo 
has developed until it is more than just 
a blob of cells. It still does not resemble 
the adult organism, but the 
foundations of the basic body plan are 
almost complete.  In the next chapter, 
the basic plan will be fully established. 
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END 



Lecture5:- 
Neurulation and Germ Layer Formation 
 
 In the last chapter we examined gastrulation in several 

representative systems. We did not, however, reach the 
point at which the embryo is composed of three 
distinct layers, ectoderm, mesoderm, and endoderm. 
How does the three-layered state come about in 
various embryos? How does the neural tube form in 
the embryo? What are the mechanisms of these 
events? The first two questions can be fully answered. 
The question about mechanism is more difficult to 
answer because these mechanisms are, as yet, not well 
understood. We shall, however, learn a great deal 
about the forces involved in these events. 
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THE THREE-LAYERED STATE 
AMPHIOXUS 
 
 In the last chapter we left Amphioxus when it was composed of 

two layers, an outer ectodermal layer and an inner mesendoderm 
layer. As can be seen in Figure 5-1, the mesoderm separates from 
the endoderm as a result of the formation of pouches. The 
mesoderm separates into three regions. The two lateral 
mesodermal pouches migrate between the ectoderm and the 
endoderm and fuse ventrally. Thus, the middle germ layer, or 
mesoderm, forms when the mesendoderm (prospective 
mesoderm plus prospective endoderm) forms pouches and the 
lateral mesodermal pouches migrate between the endoderm and 
ectoderm. The middle mesodermal region forms the notochord. 
A space called the body cavity, or coelom, forms within the 
mesodermal pouches at the anterior region of the embryo by the 
separation of solid mesoderm in the more posterior regions of 
the embryo. 
 



 In summary, the mesendoderm layer of the 
primitive chordate Amphioxus reached the 
inside of the embryo during gastrulation by 
invagination. 

The mesoderm separated from the endoderm 
by pouching of the mesendoderm layer. The 
body cavity or coelom developed by pouching in 
the anterior portion of the embryo, and by the 
separation of solid mesoderm in the posterior 
portion. 
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AMPHIBIAN 
 
 Figure 5-2 shows that the amphibian embryo is also in 

a two-layered state before the mesoderm forms. As in 
Amphioxus, the amphibian gastrula consists of an 
outer ectoderm and inner mesendoderm layer. In the 
amphibian, however, mesoderm does not form by 
pouching of the mesendoderm; instead, the 
mesendoderm separates into mesoderm and 
endoderm.The mesoderm migrates between the 
ectoderm and endoderm, fusing ventrally. 

 



The amphibian coelom does not form by 
pouching, either. Rather, the mesoderm 
splits, forming somatic mesoderm (in 
contact with ectoderm) and splanchnic 
mesoderm (in contact with endoderm) 
The space between these regions is the 
coelom. The mesoderm splits off four 
major subdivisions: 
 



Figure 5-1.Formation of the three-layered state in Amphioxus. Mesoderm and 
coelom  form by  pouching. Arrows show the movement mesodermal pouches 
between epidermis and endoderm. The three-layered state is nearly complete. 
Modified and redrawn from Hatohek in Korschelt, l'ergleichende 
Entwicklungsgeschichte Der Tiere (Jena: G Fischer, 1936). 



notochord, somite, intermediate mesoderm, 
and hypomere (somatic and splanchnic 
mesodenm). We shall define these regions 
and their derivatives in the next chapters. 
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BIRD 
 The three-layered state develops similarly in birds, 

reptiles, and mammals. Most of the present discussion 
also applies to the latter two groups. In the last 
chapter, the bird embryo was at a stage in which the 
prospective mesoderm 
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Figure 5-2.Formation of the three-layered 
state in the amphibian. Mesoderm and 
coelom form by splitting. 



 and some prospective endoderm from the epiblast (top layer) 
were migrating into a central cleft space between the epiblast 
and the hypoblast (bottom layer).The prospective endoderm 
cells originating from the epiblast enter the hypoblast. The 
prospective mesoderm cells remain between the epiblast and the 
hypoblast. Note that the endoderm of the gut tube originates in 
the epiblast, so that the epiblast is not exactly equivalent to the 
amphibian ectoderm. Also, some hypoblast cells end up in the 
notochord, so that hypoblast is not equivalent to endoderm. The 
end points of the various migrations were found by marking 
regions of the embryo with radioactive tracers and carbon 
particles and observing the final location of marked cell. 

 After the mesoderm moves from the epiblast through the 
primitive groove, it occupies the cleft space between the epiblast 
and the hypoblast    
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 The presumptive notochordal mesoderm accumulates in an 
anterior-to- posterior direction. The notochord begins to 
form at the anterior end of the embryo. Additional cells 
move in from the epiblast, elongating the notochord  
posteriorly. The epiblast cells directly above the prospective 
notochord are prospective neural plate. 

 The bulk of the non-notochordal mesoderm has also 
moved into the space between the epiblast and the 
hypoblast. As described in the next chapter, the parts of the 
mesoderm adjoining the neural tube become somite and 
intermediate mesoderm. The remainder splits, as in the 
amphibian, into outer somatic and inner splanchnic 
mesoderm (Fig5-3 ).The space between the two is the 
coelom. 

 



In summary, we have seen how the three-
layered state forms in Amphioxus the 
amphibian, and the bird. The mechanisms 
of coelom formation differ, but the end is 
the same. In Amphioxus the coelom forms 
by the pouching and splitting of the 
mesoderm; 
 



Figure 5-3. (a) to (c) mesodermal separation in chick embryo. (d) 
(overleaf) cross section through 50-hr old chick embryo showing 
mesodermal separation. Photo Part by Richard L. C. Chao. 
 



Figure 5-3. (continued). 
 



whereas in the amphibian and bird, the 
mesodermal tissue separates to form the 
coelom deals with some of the factors 
involved in the development of form in 
the embryo. For example, changes in the 
adhesiveness of tissue cells may cause the 
tissue to separate into two parts. We shall 
now turn to neurulation; the formation of 
the nerve tube. 
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NEURULATION 
AMPHIOXUS 
 
 Neurulation in Amphioxus occurs in three basic steps: 

(1) The neural plate (prospective neural tube) 
separates from the prospective epidermis; (2) The 
neural plate folds; (3) The neural tube forms and the 
overlying epidermis fuses.(See Figure 5-4.) It seems 
plausible that, for example, the prospective 

 Neural tube separates from the prospective epidermis 
as the result of adhesive changes in the cells of the 
ectoderm. More will be said about mechanisms of 
neurulation the following sections. 

 



Figure 5-5.Neurulation in Amphioxus, 
Amphibian, and bony fish. 
 



 - تكون العصبونة :- 
 - الرميح :- 

 

                   ع      في      ح    ث في ث ث  :- 

1-      ف ل                 ل (  لا   ب   ع  ي       ل )    ف      ع   

2-      ف      ع       . 

3-                    لا   ب   ع  ي     غ        (     Fig5-4.)     ه        ع  ل

  ث ل  لا   ب   ع  ي   ف ل                             غ              في       لا ي   ,

 .    لا ث              ل       ل                      ع      في       ع         .     ه  

 



AMPHIBIAN, REPTILE, BIRD, AND 
MAMMAL 
 
 The neural tube forms similarly in the amphibian, reptile, 

bird, and mammal. The sequence of events is slightly 
different from that in Amphioxus. It can be summarized as 
follows (see Figure 5-4): The neural plate folds, the crests of 
the neural plate fuse, and the neural tube separates from 
the epidermis and drops below the surface. Mean while, 
the overlying epidermal regions fuse to form an intact outer 
epidermal layer. Neural crest cells also separate from the 
ectoderm and drop below the surface. Thus in the 
amphibian reptile, bird, and mammal, the folding of the 
neural plate is the first step in neurulation, followed by the 
fusion of the neural folds and of the overlying epidermis 
(Figures5-5  and 5-6). 

 



Figure 5-5. Amphibian neural plate 
stage. Courtesy of Peter Armstrong. 
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MECHANISMS OF NEURULATION 
 
 Mention only some of the forces that influence the neurulation 

process. The formation of the neural tube in the systems 
discussed involves adhesive changes in the ectoderm. In 
addition, the contraction of peripheral microfilaments oriented 
parallel to the short axis of neural plate cells causes some folding 
to occur (Figure 5-7). Baker and Schroeder have found bundles of 
microfilaments just below the surface of folding neural plate in 
certain amphibian embryos (Hyla and Xenopus). Microtubules 
also play a role in neurulation. Waddington and Perry found 
many microtubules in the neural plate cells of certain amphibian 
embryos (Triturus alpestris)These workers suggested that 
neurulation occurs because of cell elongation caused by 
microtubules (Figure 5-7) Thus, factors such as changes in cell 
adhesiveness, the contraction of microfilaments, and the 

 



Figure 5-6. Amphibian embryo, 
neural folds closing.  
 



Figure 5-7. Mechanism of neurulation. Two factors that may be involved in 
neural folding in newt embryos are the elongation of cytoplasmic microtubules 
parallel to the long axis of the cells and the contraction of a surface layer of 
cytoplasmic microfilaments parallel to the short axis of the cells. After 
Burnside, Devel.Biol.26 (1971): 434. 
 



 elongation of microtubules are important in 
the neurulation process. We shall conclude 
our discussion of neurulation by looking at 
this process in one other system― bony fish. 
The neural tube forms in this embryo by a 
mechanism completely different from those 
described earlier. 
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SUMMARY 
 
 In this chapter we saw that, although the mechanisms 

differ slightly, the three-layered state and body cavity 
formed in all of the embryos examined. Likewise, the 
nerve tube forms by various mechanisms, including 
separation followed by folding, folding followed by 
separation, and selective cell death in a solid core. The 
basic body plan of chordates and vertebrates has been 
achieved. The embryos we have examined now contain 
three layers and possess neural tubes. 

 



What structures are derived from each germ 
layer, and what are the mechanisms of their 
formation?We shall begin answering this 
question in the next chapter, with an 
overview of the primary germ layer 
derivatives. In the following two chapters, 
we shall deal in more detail with 
organogenesis and with the mechanisms 
controlling the development of embryonic 
form and structures. 
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END 



Lecture6:- 
Organogenesis:- 
SECTION 1  EYE DEVELOPMENT 
 
 We have examined the early development of embryos and 

outlined the derivatives of the ectoderm, mesoderm, and 
endoderm. We shall now zero in on some of these 
derivatives, stressing the development of organs and organ 
systems that convey concepts of general importance in 
developmental biology. 

 We shall examine organogenesis ― the development of 
organs and organ systems ― from both an anatomical and 
an experimental viewpoint. In this way, we shall see how 
the research in the field has expanded our knowledge of 
organ development. We shall first consider the vertebrate 
eye, then the neurological system, the heart, the limbs, the 
urogenital system, and the immune system. 
 



 المحاضرة السادوة :-
 تكوين الاعضاء

 الجزء الاول:تطور العين
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 في هذ                          .                                 
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THE VERTEBRATE EYE 
 
 The development of the eye has been a stimulating 

topic of investigation in many laboratories. 
Experiments on this topic often involve elegant 
operations on the eye-forming region. In this section, 
we shall look at some of these experiments to try to 
understand the mechanisms that control eye embry-
ogenesis.We shall also describe some interesting 
experiments in the area of eye regeneration. First, 
however, let us look at the structural aspects of eye 
development to gain an understanding of the basic 
system. 

 



 عين الفقريات :
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Figure 6-1. Steps in eye development. The retina and iris form 
from the brain wall, while the lens and part of the cornea form 
from the epidermis. 
 
 



EYE DEVELOPMENT: 
 SUMMARY OF EVENTS 
 
 The major events in eye development can be briefly 

summarized as follows: 

 1. Contact between the roof of the archenteron (the 
notochord) and the eye cup rudiments on the neural 
plate (the prospective neural tube) causes them to 
develop into the optic vesicles 

 2. The optic vesicles form as lateral evaginations 
(outgrowths) of the posterior portion of the forebrain 
(diencephalon). 

 



 تطورات العين : ملخص الاحداث 
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 3. The optic vesicles touch the prospective lens 
ectoderm. Contact with this area causes the optic 
vesicles to form the eye cups. The eye cups consist of an 
outer pigmented layer and an inner layer of neural 
(sensory) retina. 

 4. The lens-forming ectoderm (epidermis) has previously 
interacted with the underlying foregut endoderm and 
with portions of the prospective heart mesoderm. These 
interactions apparently maintain the lens- forming 
competence of the prospective lens ectoderm. The lens 
actually forms, however, only after the lens-forming 
ectoderm touches the tip of The optic vesicle. The lens-
forming epidermis first thickens, then folds or undergoes 
cellular rearrangements to form the lens. 
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 5. The newly formed lens and optic cup touch the 
overlying epidermis and mesenchyme. This induces 
the formation of the transparent protective covering of 
the eye, the cornea. 

 6. The choroid coat and sclera, the outer coats of the 
eye, develop from mesenchyme that accumulates 
around the eyeball. 

 7. The iris of the eye, the structure that regulates the 
size of the pupil, develops from the rim of the optic 
cup. 
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Figure 6-2.Drawing of sagittal section of 
human eyeball, showing the major parts. 
 



MECHANISMS OF EYE 
DEVELOPMENT (OPTIC VESICLES) 
 
 No one knows exactly what causes the optic vesicles to form from the 

brain wall. We do know, however, that the archenteron roof induces the 
tube to differentiate into many components, including the optic 
vesicles Specific genes in the prospective optic vesicle cells probably 
become activated and form the specific RNA messages that code for 
vesicle proteins. The actual process whereby the optic vesicles 
evaginate and form cups may involve cytoplasmic microtubules and 
microfilaments that change the shape of cells. Changes in adhesiveness 
may also be involved. Recall that similar mechanisms were implicated 
in neural tube formation and in gastrulation The expansion of the optic 
vesicles appears to be aided by the accumulation of fluid in the brain 
ventricles, which are continuous with the optic vesicles. Coulombre 
and Coulombre inserted a glass tube through  the wall of the eye to 
prevent fluid buildup. The eye then developed abnormally. Regional 
patterns of mitosis and cell growth probably play roles in optic vesicle 
development as well. 
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 The optic vesicles seem to differentiate as a result of 
touching the surface ectoderm (prospective lens). If 
they do not touch, the prospective neural retina tends 
to form pigmented retina instead of neural retina. In 
addition the optic cups normally form from the optic 
vesicles on the basis of contact with the developing 
lens ectoderm. Mesenchyme (embryonic connective 
tissue) that accumulates around the eyeball also 
appears to be important for normal eyeball 
development. If the mesenchyme is removed, the optic 
vesicles do not develop normally. 
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 Let ’s sum up what have learned so far. The optic 
vesicles evaginate from the brain wall. After 
contact with the prospective lens, the single - 
layered optic vesicles become pushed in, or cup 
shaped. The inner layer of the cup becomes the 
neural (sensory) retina; the outer layer becomes 
the pigmented retina. The optic vesicles develop as 
a result of induction by the archenteron roof, fluid 
build up, contact with mesenchyme, and contact 
with the prospective lens epidermis. 
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 The rods and cones, the light-sensitive receptor cells of the 
neural retina develop in the outermost part of the retina ― 
that is, in the layer closest to the choroid coat and farthest 
from the lens and pupil. To reach the rods and cones, light 
must first pass through a layer of ganglion cells and then a 
layer of bipolar neurons (Figure 6-3). The light excites the 
rods and cones. The nerve impulse is passed to the bipolar 
cells and thence to the ganglion cells, Which transmit the 
message to the brain via the optic nerve. Optic nerve fibers 
from an eye generally enter the brain on the side opposite 
that eye. The optic chiasma is the place at which the nerve 
fibers from the two eyes cross. In mammals, the bundle of 
optic nerve fibers splits, and some enter the brain on the 
same side as the eye of origin. The neural retina 
differentiates first into the ganglion cells, followed by the 
bipolar neurons and finally by the rods and cones. 

 



Figure 6-3. Layers of the neural retina. 
Arrows show impules path. 
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 MECHANISMS OF LENS DEVELOPMENT 
 Some of the mechanisms involved in lens development 

have been elucidated. We have already seen how 
contact with the lens-forming ectoderm plays a key 
role in the development of the optic cup. Let us begin 
our discussion of lens formation by examining the 
other part of the latter relationship. That is, when the 
optic vesicle touches the lens-forming epidermis, does 
this help induce lens formation?The answer is yes. The 
final induction or direct cause of the lens forming 
comes from contact or proximity with the optic vesicle 
(Figure 6-4). It is not well understood exactly how 
such contact causes the lens to form. 

 



 ميكانيكية تطور العدوات : 
 

 ه                  ع                       ع                

      ب        في    ف           عب   ع                ه   لا   

     لا      زء   ف     ع                            .      ي

   ع        س                             ذ ك .           ع   

       ب ؟   ع              ف ز في       هذ  هل                  

       ي   ع                         ب          ي     ف ز .  ع      

  ف    غ         ه  ((Fig6-4                     ب        ل

ً   لا   ل                  .   ع                



Figure6-4. Chick embryo, 72 hours old, showing eyecups and lenses on 

either side of the large diencephalon cavity. Courtesy of Peter Aemstrong. 



 The ability of the prospective lens ectoderm to 
form lens is maintained by previous contact with 
the foregut endoderm  and with portions of the 
prospective heart or head mesoderm. The final 
induction of the lens is caused by proximity to or 
contact with the optic vesicle. Molecules may pass 
from nearby tissue to the lens-forming ectoderm, 
causing the lens to form. Abnormal inducers such 
as ear vesicle and guinea pig thymus can also cause 
a lens to form in competent ectoderm. 
Environmental influences (such as temperature) 
also affect final lens induction. 
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 What is the nature of the inducer that appears to pass from the 
optic vesicle to the lens-forming ectoderm? This is not known, 
but there is evidence that substances pass from the optic vesicle 
to the lens-forming ectoderm. At the time of induction, one can 
observe a decrease in cytoplasmic basophilia (acidity) and a 
decrease in the number of ribosomes in the tip of the optic 
vesicle (prospective neural retina). At the same time, there is an 
increase in cytoplasmic basophilia and an increase in the 
number of ribosomes in the lens-forming ectoderm. These 
results, however, do not prove that something actually passes 
from the optic vesicle to the lens ectoderm. More direct evidence 
comes from experiments in which the optic vesicleswere labeled 
with radioactive amino acid (C14 phenylalanine).This label began 
to appear in the lens-forming ectoderm. This result shows that 
something is passed between the optic vesicle and the lens-
forming ectoderm, but not what is passed or what the nature of 
the hypothetical inducer is. 
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SUMMARY 
 
 In summary, the eye develops by a complex series of 

reciprocal interactions among the optic vesicles, epidermis, 
and mesenchyme. The nature of the "inducers" is 
unknown. Some of the relevant mechanisms have been 
described. The mechanisms that cause the optic cup and 
lens vesicle to form include cell-shape changes caused by 
cytoplasmic microtubules and microfilaments, differential 
cell adhesveness, and mitosis. Experiments by Roth's group 
suggest that selective adhesive recognition may be involved 
in the proper hookup of optic nerve fibers with the brain. 
Our understanding of the molecular basis of eye 
morphogenesis is still in its infancy, but these mechanisms 
will eventually be elucidated. 
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END 



Lecture7:- 
SECTION 2 :DEVELOPMENTOF NERVOUS 

INTEGRATION AND BEHAVIOR 
 

 How do nerves that originate in the central nervous 
system get to specific end organs, the multitude of 
sense organs and muscles in our body? How do they 
innervate them? How does behavior develop? These 
questions are among the most absorbing problems in 
developmental biology today―and also among the 
most poorly understood. Hypotheses dealing with 
these questions have been proposed, and some 
concrete experimental evidence is improving our 
understanding. Here, we shall briefly survey these 
problems and the potential solutions to them. 
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HYPOTHESES OF NERVE-END 
ORGAN HOOKUP 
 
 A variety of hypotheses have been proposed to explain 

how nerves get to and hook up with specific end 
organs. A few will be described here. We can 
categorize these hypotheses as the chemical, electrical, 
mechanical, and adhesive recognition models of nerve 
growth and end-organ innervation. It should be 
stressed that a complete theory would probably be a 
combination of more than one of the models 
described. Thus, it is unlikely that any one of the 
hypotheses will turn out to be the whole answer. We 
shall see why as we examine the experimental evidence 
for each model. 

 



 - نظريات نهاية العصب للعروة العضوية :-

 
                   ي                    ح            لا   ب   

    .        ح      ل  .    ع             لا   ء          

        ي .         ي ,      ع          ك               ل       ي 

         .         لا     ي في         ع  ي         ع  ب    ع   

ه  ,                                     ث         ذ           ه ذ  

     غ            ي                         ل             ب 
.            ذ   ف    لا                ل     ذ  .      ل   



CHEMICAL MODEL 
 
 The chemical (chemotaxis) model suggests that nerves 

grow along a gradient of specific chemicals, usually 
toward the source.We confronted the question of 
chemotaxis once before, in Chapter 5. There, we saw 
that known chemicals given off by female gametes of 
certain plant forms specifically attract male gametes of 
those species. Except in one major area, there is little 
concrete experimental evidence in support of a 
chemical model of directional nerve growth. 
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 The exception is a substance (protein) called nerve growth factor. 
This protein has been purified from mouse submaxillary glands. It 
stimulates massive nerve outgrowth from ganglia (Figure 6-8). 
Nerve growth factor is present in many sources, such as mouse 
sarcoma tumor, snake venom, and mouse salivary glands. Nerve 
growth factor was discovered when Bueker implanted mouse 
sarcoma 180 tumor tissue into the body wall of two to three day 
chick embryos to see if nerves innervated rapidly growing tissue. 
The tumor tissue stimulated massive nerve outgrowth from 
adjacent ganglia. Rita Levi-Montalcini suggested that the tumor 
contains a nerve growth factor. In early attempts to determine if the 
factor was a nucleic acid or a protein, it was subjected to a snake 
venom that contains the enzyme phosphodiesterase, which 
degrades nucleic acid. In control experiments, the snake venom 
itself was used to see if nerve outgrowth occurred. To the surprise of 
the investigators, the venom was about one thousand times as 
potent as the tumor homogenate in promoting nerve outgrowth. 

 



Figure 6-8. The effect of nerve growth factor on a chick embryo 
sensory ganglion. A seven-day-old embryo sensory ganglion was 
cultured in vitro in a medium containing nerve growth factor. From 
experiments by Rita Levi-Montalcini and B. Booker. 
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The salivary glands of of mice, which are 
similar to the glands that produce  snake 
venom, had a nerve growth factor activity u 
to ten thousand times that of the tumor 
homogenate and ten times that of snake 
venom. Tiny quantities of nerve growth 
factor (0.5 micrograms per gram of body 
weight) caused a four to six-fold increase in 
the number of developing sympathetic 
ganglia (clusters of nerve cells in the spinal 
cord area). 
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 Antibodies against nerve growth factor were prepared 
by Cohen and Levi-Montalcini by injecting purified 
factor into rabbits. When this antibody was injected 
into newborn rats, mice, rabbits, and kittens, it 
prevented the growth of sympathetic chain ganglia 
(nerve cell clusters in the spinal cord area). These 
experiments suggest that a substance similar to nerve 
growth factor exists in the embryo and that it is 
responsible for the growth and maintenance of 
sympathetic and sensory nerve cells. Figure 6-8. The 
effect of nerve growth factor on a chick embryo 
sensory ganglion. A seven-day-old embryo sensory 
ganglion was cultured in vitro in a medium containing 
nerve growth factor. From experiments by Rita Levi-
Montalcini and Booker. 
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 How does nerve growth factor work? Does it influence 
the direction of nerve growth, or does it stimulate 
growth in general? We cannot as yet  answer these 
questions completely. What does nerve growth factor 
do to cells that respond to it? First, large quantities of 
microtubules and microfilaments appear in the 
cytoplasm. These elements may play a role in nerve 
growth and differentiation and in the cytoplasmic flow 
in nerve axons.  In additio RNA synthesis, protein 
synthesis, lipid synthesis, and glucose oxidation are 
enhanced in such cells. 
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 Nerve growth factor, like insulin, appears to bind to specific 
surface receptors on nerve cell membranes. This can be observed 
by radioactively labeling nerve growth factor and measuring the 
rate at which it binds to the cell surface. It may be that nerve 
growth factor, like many hormones. primarily affects the cell 
membrane. By binding to the surface receptor, nerve growth 
factor may set off a series of reactions that are transported to the 
cytoplasm and nucleus by some sort of chemical messenger, 
such a cyclic AMP (adenosine monophosphate). Recent work 
suggests that nerve growth factor may be a protein-degrading 
enzyme (a protease). As yet, however there is on conclusive 
evidence regarding the sequence of events by which nerve 
growth factor stimulates nerve growth. There is also no solid 
evidence in support of the contention that nerve growth factor is 
responsible for the highly directional nerve growth required for 
hooking up specific nerves with specific end organs. It may be 
that nerve growth factor is responsible for nerve cell growth and 
development, but not for guiding nerves to their specific end 
organs. 
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ELECTRICAL MODEL 
 
 Is it possible that nerves grow toward an end organ 

because of electrical  currents or gradients between 
the outgrowing nerve and the end organ? There is no 
conclusive evidence to support this model. Some 
experiments however, do suggest that nerves respond 
to electricity. If direct electric current is applied to the 
amputated forelimb stumps of laboratory rats, some 
regeneration occurs. Cartilage, bone marrow, bone, 
blood vessels, muscles and nerves develop in this 
tissue. This suggests that electric currents can 
stimulate nerve growth. 
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 When nerve explains were placed in a culture dish and an electric 
current was directed through the culture medium, the nerves 
always grew in the direction of the current. A more careful repeat 
of this experiment however, was performed by Weiss. He found 
that the nerves grew in the direction of the current even after it 
was turned off! An examination of the culture plates revealed 
that the current oriented the molecules of the culture gel, 
forming fine grooves in the culture medium in the direction of 
the electric current. The nerves did not follow the electric 
current they  itself followed the grooves formed in the 
substratum. These experiments, therefore, provide no evidence 
for an electrical model of nerve growth. They do not, however, 
rule out the possibility that small electric currents may play some 
role in guiding nerve growth  in the body, but evidence for this 
contention is still lacking. 
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MECHANICAL MODEL 
 
 The results of Weiss's experiments support a 

mechanical model of nerve guidance. Weiss extended 
these experiments by preparing little hollow frames of 
different shapes filled with blood plasma. As the 
plasma clotted , lines of tension were set up in 
directions that corresponded to the shape frames. 
Weiss found that nerves always grew out along these 
lines or grooves. He termed such nerve growth contact 
guidance. The nerves appear to grow according to 
mechanical guidelines. They use these guidelines as 
road maps to get to where they are going. 
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An extension of this model to animals 
suggests that nerves use blood vessels as 
road maps to get where they are going. 
There is little doubt that nerves, in vivo, do 
use mechanical guidelines such as blood 
vessels. Nerves can be observed to follow 
blood vessels and oriented tissues in the 
body. We can conclude that the mechanical 
model is an important part of the 
explanation for directed nerve growth. 
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 It is unlikely, however, that this model is the whole 
story or that contact guidance explains all aspects of 
nerve-end organ hookup. Too many highly specific 
nerve hookups can be found in end  organ to be 
explained  by contact guidance alone. For example, 
nerves from the dorsal part of the retina hook up to 
very specific regions of the ventral part of the optic 
tectum of the brain, and nerves from the ventral part 
of the retina hook up to very specific regions of the 
dorsal portion of the optic tectum. The hookup points 
in the optic tectum are extremely close together. 
Several models have been proposed to explain such 
highly specific nerve hookups. One of these will be 
described here. Some of the others will more 
appropriately be developed in the behavior section 
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ADHESIVE RECOGNITION MODEL 
 
 Roth and his colleagues proposed that nerves find specific 

regions in their end organs by adhesive recognition. That 
is, the nerve chemically “recognises” its final resting place 
by the adhesion between the surfaces of the growing nerve 
cells and the surfaces of the cells in the target region of the 
end his adhesion keeps the nerve in its proper place and 
prevents it from moving on to another area. The specific 
molecular groups responsible for such adhesive recognition 
may turn out to be sugar-binding enzymes on one cell 
surface that attach to sugar chains on the other surface. 
Roth and his coworkers have obtained some evidence in 
support of such an enzyme- substrate recognition. 
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END 



Lecture8:- 
SECTION 3: HEART DEVELOPMENT 
 
 The heart pumps blood through the blood-vessel 

system, thereby supplying the body tissues with food 
and oxygen and removing wastes that accumulate in 
these tissues. Obviously it is an organ we cannot do 
without. The development of the heart involves a 
series of cellular migrations, fusions, and specific 
differentiation. Let us examine some of the 
experiments that led to our present understanding of 
heart embryogenesis. First, however, we shall 
summarize the events that occur in heart development 
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HEART EMBRYOGENESIS: 
 
SUMMARY OF EVENTS 
 
 The major events that occur during heart development in the 

chick embryo can be summarized as follows: 
 1. The heart begins to differentiate as two vesicles in the 

hypomere mesoderm on either side of the developing foregut. 
We shall show later how these vesicles originate. 

 2. As the ectoderm and endoderm fold to form the head fold of 
the embryo, lifting the anterior end of the embryo off the yolk, 
the two heart rudiments are brought together in the ventral 
midline, and they fuse. Each of the rudiments consists of an 
inner lining, the endocardium, and an outer muscle layer, the 
myocardium (Figure 7-11). These events occur between the 25th 
and 30th hour of incubation in the chick embryo, or between the 
7-and 20-somite stage. In human embryos, similar events during 
the third week, or by about the occur 8-somite stage. 
 



 3 .The paired heart vesicles begin to fuse at 
the anterior (head) end, and continue to 
fuse in the posterior direction. The first 
region formed after fusion is the most 
anterior portion of the heart, the truncus or 
conus arteriosis, which leads to the 
ventricle, the thick-walled muscular 
pumping chamber. Next to form is the 
atrium, the heart chamber that delivers 
blood to the ventricle. The last part to form 
is the sinus venosus, the heart chamber that 
receives venous blood. 
 



 4. The heart tube bends to form an S-shape. The 
heart begins to beat just after the paired heart 
rudiments begin to fuse, just before the conus 
arteriosus forms 

التكوين الجنيني للقلب *  

  ملخص الاحداث

  لا   ث             ي    ث في  ث  ء                  في       

         

:         ُ         ي  



                      ] hypomere     ب              ز          في -

         ف     ع             ك .     ب    عي  لا   ي         
        .  

  فع ,      لا        ه    لا                          س في         -2

       ث                    ب , ح         لا                ع          

                           ي      ي         ل                 
             endocardium             ع          (Fig 8-11) 

myocardium               في  25-30  ك  لا   ث    ث     .

,   ع        في       لا      20-7           ,             

  ع  8 لا   ث            ث   ل  لا   ع   ث  ث         ي       
        

 



 ز                                                 لا                -3

         لا              ع   لا              زء ,       في  لا   ه     في 
  truncus or conus arteriosis             ي ,  لا   ي        ب

   ي        .                      خ   ه    ,   ذي  ؤ ي          

 لاذ        ه           ي                          زء  لا                ب 
         sinus venosus .     ه           ي                  ي   

 .     ء       ب     ب          ل  -4 S          ب        خ  ع  ز       

.            ب          ل                          

 



The amphibian heart forms in a way rather 
similar to that of the chick. However, the 
amphibian embryo does not fold to bring the 
heart areas together. Instead, the prospective 
heart mesoderm cells on each side of the 
embryo converge ventrally (Figure 7-12). 
Mesenchyme-like loose cell appear to come 
from the right and left regions of the ventrally 
converging hypomere splanchnic mesoderm. 
These cells form the inner heart lining, as a 
thin-walled tube. 
 



Figure 7-11 (a)-(d). Cross sections of heart development in 25- to 
30-hour chick embryos. From T. W. Torrey, Morphogenesis of the 
Vertebrates (New York: John Wiley) 
 



 The endocardial tube divides at both ends. At the anterior 
end are the two ventral aortae; at the posterior end are the 
two vitelline veins that bring the first venous blood to the 
heart. As the hypomere regions from each side converge and 
fuse ventrally, the splanchnic mesoderm envelops the 
endocardial tube, forming the muscular myocardium. As in 
the chick, the heart tube then twists, forming an S-shape. 
Two common cardinal veins form by the union of veins from 
the head and posterior regions of the body. Along with the 
vitelline veins these enter the most posterior heart chamber, 
the sinus venosus. This chamber leads into the thin-walled 
atrium, which in turn joins with the thick-walled ventricle 
and conus arteriosus as in the chick (Figure 7-13). This S-
shape is found in all vertebrates. Later in embryogenesis, 
however, the hearts of different vertebrate groups. develop 
differently, sometimes forming multiple chambers that adapt 
the hearts to the physiological needs of specific animal 
groups 
 



Figure 7-11 (e). Chick embryo, 33 hrs; 
cross section, showing heart. 
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 The analysis of chick heart development was 
accomplished by elegant experiments by Mary Rawles, 
Robert DeHaan, and others. Their experiments 
illustrate how radioactive labeling, microsurgery, and 
transplantation can be used to elucidate the 
development of a major organ. Portions from all parts 
of the prestreak blastoderm of chick embryos were 
isolated in culture. Beating tissue developed from 
these portions, showing that heart-forming potential 
is not restricted to any localized region of the early 
epiblast. In the 

 

EXPERIMENTAL ANALYSIS OF MECHANISMS OF HEART 
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HEART DEVELOPMENT 
 
 



Figure 7-12. Development of the 
amphibian heart. 
 



 primitive streak stage, only cells from the posterior half of 
the blastoderm develop into beating tissue when isolated in 
culture, showing that the heart forming region becomes 
more localized as development proceeds. Mary Rawls 
showed that certain fragments from the blastoderm of a 
head-process stage embryo would give rise to heart tissue 
when cultured on the vascular chorioallantoic membrane of 
an older embryo.    (The head - process stage is the stage 
when notochordal cells move forward from Hensen's 
node). The heart – forming regions appeared to be 
localized in the epiblast at either side of the midline. These 
cells seemed to move through the primitive groove and take 
up residence on either side of the head process (Figure 7-
14). 
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De Haan and his colleagues Rosenquist and 
Stalsberg performed a beautiful series of 
experiments designed to determine more 
accurately the fates of very specific regions 
of the blastoderm in forming the heart. 
These workers transplanted fragments of 
blastoderm from a radioactively labeled 
donor. 
 



Figure 7-13. Twising of frog heart rudiment. 
From Joy B. Phillips, Development of Vertebrate 
Anatomy (St. Louis: C. V. Mosby, 1975). 
 



 embryo to an unlabeled recipient. The fate of many 
such specific fragments can be followed by 
autoradiography and by carbon marking (using specks 
of carbon to mark specific areas) and 
microcinematography. By these methods, De Haan et 
al. determined that when the primitive streak is well 
developed, heart-forming cells lie in paired regions 
about midway down the length of the streak, 
extending from the midline about halfway to the edge 
of the embryo. 

 



Figure 7-14. Heart forming area (HFA) in the 
head-process stage of the chick blastoderm. 
 



 The cells enter through the primitive groove. By the 
end of the head-process stage, the heart-forming 
mesoderm is organized in two separate regions. The 
most anterior parts of the heart-forming regions fuse 
to give rise to the most anterior part of the heart, the 
conus arteriosus. The middle parts fuse to give rise to 
the middle part of the heart, the ventricle. The 
posterior parts fuse to give rise to the most posterior 
parts of the heart, the atrium and sinus venosus 
(Figure 10-15). This brings us back to the summary 
given previously. The experimental analysis has helped 
us understand the events that led up to the formation 
of the two fusing mesodermal vesicles with which we 
began our summary. 
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  to where it is going? De Haan and colleagues 
transplanted a radioactively "hot" square of endoderm-
mesoderm into a “cold” head-process embryo, as done 
previously. After a few hours the embryo was sectioned 
and examined by autoradiography. The results showed 
that the radioactive mesoderm moved forward relative 
to the endoderm (Figure 3-6). As will be seen shortly, 
the heart-forming mesoderm appears to use the 
associated endoderm as a road map to guide it to 
where it is going. 

 



 We can now ask some questions: Do inductive 
interactions like those found in other systems occur 
during heart development? What is the relationship 
between the heart-forming mesoderm and the closely 
associated endoderm? Some evidence for inductive 
interactions in heart formation exists in the amphibian 
system. If the endoderm is removed from newt 
embryos, the heart never develops. Thus, the intimate 
contact between the endoderm and the heart-forming 
mesoderm seems to be required for heart development 
in the amphibian embryo. 

 



Figure 7-15. Experimental determination of chick heart map. "Hot" explant from (a) is 
transplanted to "cold" recipient (b). (c) and (d) show the fate map of the chick heart-
forming regions projected upon a chick heart, as developed from the experiments 
shown in (a) and (b). After R. L. De Haan, Ann. N Y. Acad. Sci., 1965, and R. L. DeHaan, in 
The Emergence of Order in Developing Systems, M. Locke, ed. (New York: Academic 
Press 1968), p. 208. 
 



Figure 7-16. Forward migration of heart-forming 
mesoderm relative to endoderm in chick embryo. After 
experiments by DeHaan and colleagues. 
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Figure 7-18. Seventy – two – hours chick embryo 
showing heart chambers. Courtesy of Peter 
Armstrong. 
 



Figure 7-19. Seventy– two – hours chick embryo 
showing heart chambers. Courtesy of Peter 
Armstrong. 
 



 

END 



SECTION 4: LIMB DEVELOPMENT AND REGENERATION 
LIMB DEVELOPMENT: 
 
 

 We shall stress some of these experiments here. In this 
section we shall examine basic limb development in 
vertebrates and some of the hypothetical mechanisms 
controlling it. We shall then look briefly at the 
intriguing process of limb regeneration. Some 
vertebrates can regenerate entire limbs after the 
normal limbs are amputated. An understanding of this 
phenomenon may lead to methods of stimulating limb 
regeneration in man. As will be seen, we are on the 
threshold of medically useful developments in this 
area. 
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A LIMB FATE MAP 
 
 Before we examine the processes involved in limb 

development, we shall briefly consider the origin of the 
limb buds and the nature of a limb bud fate map. Recall 
from Chapter 9 that limbs are derived from the somatic 
mesderm of the hypomere. Cells from the somatic 
mesoderm accumulate in the limb - forming regions and 
migrate to a position just below the epidermis. The 
epidermis above this accumulation thickens in many 
vertebrates. This thick ening is called the apical ectodennal 
rage (Figure 8-20). Thus, the limb bud consists of a core of 
somatic mesoderm covered by epidermis; the latter often 
differentiates into an apical ectodermal )ridgeFigure 8-22 ) 
summarizes the formation of the limb bud. 
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Figure 9-20. Tip of chick embryo wingbud. (a) Apical ectodermal 
ridge has been removed. (b) Apical ectodermal ridge in present. 
From Saunders, J. Exp. Zool. 108 (1948): 363-403. Courtesy. 
 



Figure 9-21. Limb bud formation. Limb-forming 
mesoderm is derived from the somatic 
mesoderm of the hypomere. 
 



Fig9-22:Fate maps of chick forelimb 



 Figure 8-22 shows a fate map developed by Saunders 
for a chick forelimb. Fate maps such as this are worked 
out by labeling different portions of the limb bud with 
carbon particles or with radioactive tracers, and 
following the fate of these marked regions in the adult 
limb. A similar procedure was used by Vogt to 
construct whole embryo fate maps (see Chapter 7). 
Note that all of the limb bones are derived from the 
mesoderm portion of the limb bud. We shall return to 
the respective roles of the mesoderm and the 
ectoderm in limb formation later in our story. 
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THE LIMB-FORMING FIELD 
 
 The limb bud and surrounding area is an example of 

an embryonic field, an area of the embryo that 
possesses a set of specific properties. Because this 
subject has been most thoroughly examined in 
relation to the limb system, we shall preface our 
discussion by defining an embryonic field and 
explaining why the limb bud area qualifies as one. In 
this way, we shall begin to understand the limb bud 
and its properties. 

 Embryonic fields are areas of the embryo that possess 
the following four properties: 

 



 1. The potency of tissue to form a given structure is 
more widespread in the embryo than the prospective 
structure itself. 

 2. The expression of this potency decreases with 
distance from the prospective structure. 

 3. Parts of the primordium of the structure (the 
embryonic tissue that gives rise to the structure) can 
yield tissue the complete structure. 

 4. Augmentation of the primordium can give rise to the 
complete structure . 
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 Saunders inserted carbon particles in 
the limb bud mesoderm and traced 
these marks to develop limb fate map. 
A similar fate map can be develop for 
the hindlimb, including the femur 
(upper leg), the tibia and fibula (lower 
leg), the ankle, and the tose. 
 



 Amphibian limb buds and eye, ear, and heart primordia are 
examples of embryonic fields. That is, these primordia 
possess the four properties given above. This was 
demonstrated by numerous experiments indicating that a 
given primordium area has each specific field property. A 
brief Fis an area that regulates itself. In other words, if 
some pieces of the area are removed, a complete structure 
can still form. Thus, cells in an embryonic field must be 
able to recognize their own posand their own fate. They 
must also be able to change their fates in response to a 
disruption of the normal primordium. We shall begin by 
examining a number of interesting experiments showing 
that the limb-forming area is an embryonic field. After we 
get a "feel" for limb-forming area, we shall turn to a number 
of experiments that elucidate the roles of the different 
portions of the limb bud in controlling limb formation. 
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 The first field property is that the potency to form a 
given structure is more widespread than the prospective 
structure. The amphibian embryo is choice material for 
experiments the limb-forming area because operations 
on embryos are easily accomplished, the embryos 
themselves are readily available, and they develop in 
plain water. Byraus, and Blainsky performed 
experiments on frog embryos that support the first field 
property. If a normal forelimb bud is removed from the 
embryo, a normal limb still develops from the 
surrounding tissue. Thus, the potency to form an 
amphibian limb is indeed more widespread than the 
limb bud itself, Field property one is therefore satisfied. 
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 The second field property is that the expression of the 
potency to form structure decreases with distance from the 
prospective structure. Balinsky used abnormal inducers 
(such as ear vesicle nose rudiments) to induce limb 
formation on the flank between the normal forelimb and 
hindlimb sites in the amphibian embryo. The underlying 
mesoderm cells accumulated under the epidermis to form a 
limb bud, and an additional limb developed. Balinsky found 
that the further away from the normal limb - forming site, 
the more difficult it was to induce a limb with abnormal 
inducers. The area equidistant from the normal forelimb site 
and normal hindlimb site was least able to form a limb 
(Figure9-23,9-24). In addition limbs produced closer to the 
normal forelimb site were forelimb-like (four digits and 
thin). Limbs formed closer to the normal hindlimb site 
resembled hindlimbs (five digits and thick). In between, the 
limbs that did form had characteristics of both forelimbs and 
hindlimbs. Thus, the expression of the 
 



Figure 9-23. Limb induction in 
newts with abnormal inducers. 
 



Figure 9-24. Induction of limbs with artificial inducers. (a)-(c) Limb induction in 
newt with nose rudiment, (a) and (b) show operation. Position of normal limb 
buds shown in (a). Induced limb shown in (c). From : I. B. Balinsky, An 
Introduction to Embryology (Philadelphia W. B. Saunders, 1975), p. 387. 
 



  Balinsky found that it was easier to induce limbs 
closer to the normal limb forming sites. Limbs formed 
nearest the normal forelimb site resembled forelimbs. 
limbs formed nearest the normal hindlimb site 
resembled hindlimbs. Limbs formed between the two 
sites possessed hindlimb forelimb characteristics. 

 potency to form an amphibian limb decreases with 
distance from the prospective limb.  Thus, field 
property two is also satisfied. 
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Field property three is that parts of the 
primordium can yield the complete 
structure. Experiments that support 
this property in amphibians come from 
the work of Harrison, Swett, and 
others. These workers removed 
portions of the limb bud as shown in 
Figure 8-25. When half-or even 
 



Figure 9-25. Parts of limb bud can give rise to complete limb. 
Harrison and Swett found that halves (a) and (b), the periphery (c) 
or single quadrants (d) could give rise to complete limbs. The 
shading in (d) indicates the best limb-forming ability. 
 



 three-quarters―of the limb bud was 
removed, the remaining  portion could form 
a complete, normal limb. When the limb 
bud was divided into quadrants, certain 
quadrants formed limbs more often than 
did other quadrants.parts of the amphibian 
limb bud can yield a complete limb. Thus, 
field property three is satisfied. 
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The fourth field property is that 
augmentation of the primordium 
(increasing the amount of tissue) can 
produce the complete structure If an 
extra piece of amphibian limb 
mesoderm is stuffed under the 
ectoderm along with the normal 
mesoderm, a single complete limb is 
still formed. Field property four is thus 
satisfied. 
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 The limb-forming area is therefore truly an embryonic field 
because experiments have shown that it has all four field 
properties. How do cells in he limb-forming area adjust to all of 
the operations needed to form a normal limb? This problem is 
not yet fully solved. French, Bryant, and Bryant, however, 
recently developed a theory explaining how cells in fields such as 
limb buds assess their positions and therefore regulate the 
development of the structure. They suggest that each cell has 
some sort of molecular information giving its position on the 
radius of a circle and around the circle―a pattern in short, like 
polar coordinates (see Figure 4-9). Experiments that will  
eventually prove or disprove the “circle” theory of positional 
information  are being performed. The molecular nature of the 
positional information also under investigation. Many 
experiments have already provided support of the "circle" rule. 
For example, if an  x- irradiated amphibian limb stump is 
provided with a complete piece of nonirradiated skin (epidermis  
and dermis) containing a full circle of cell from the area, 
regeneration occurs. If the skin contains few  cell from the 
circumference of the circle, regeneration fails 
 



Figure 9-26. Polar coordinates a positional information field. Each cell is 
assumed to have information with respect to its position on radius (the line 
from  A through E) and its position around the circle (0 through 12). Positions 
12 and 0 are identical, so the sequence is continuous. From S. J. Bryant  and L. 
E. Iten. Devel Biol 50 (1976): 212. 
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 LIMB AXES.  How does limb orientation come about? An 
area of limb-bud mesoderm near the posterior junction 
between the limb bud and the body plays a key role in 
determining limb orientation. This area is called a zone of 
polarizing activity (ZPA) If such an area is transplanted 
beneath the apical ectodermal ridge of a chick wing bud, an 
additional win develops in this area. The posterior side of 
the new wing always faces the implanted ZPA. The ZPA 
appears to determine the anterior-posterior axis of the 
limb; it also appears to stimulate its outgrowth 

 The dorsal-ventral axis of the limb is (at least in part ) 
determined by limb-bud ectoderm. The limb-bud 
mesoderm can be removed. 
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