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DEVELOPMENTAL BIOLOGY

ORIGIN OF SEXUAL REPRODUCTION

* Reproduction

* Thegoal of reproduction, forany organism, isto ensure the survival of its geneticlineage
Two ways to do this:

* ASEXUAL: offspringare exact (almost) genetic copies of asingle parent

*  SEXUAL: chromosomes of two parents are segregated and recombined so that no two offspring are identical
to each otheror to eitherparent

*  Most organismsare sexual
*  Of the 1.8 million known species only 2000 of them are totally asexual
Whydid sex evolve?
* Life originated without sex (as best we cantell) so sexual reproduction is something that had to evolve

* Thereare alarge number of disadvantages to sexual reproduction which makes the evolution of sex a
conundrum

* Ancientasexuals: Bdelloid rotifers
* Bdelloidrotifers date back ~100 million years

* Despite bdelloids' asexuality, they've diversified into 380 species
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FITNESS:

o thenumberofoffspringanindividual produces thatsurviveto reproduce themselves
o Fitness=1.0 meansthat individuals of this phenotype are successfully passing on 100% of their
genes, onaverage
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How is fitness calculated
P Fitness =the numberof genes passed onto the nextgeneration

» Becausediploidorganisms(l.e., mostorganisms)only passon half of theirgenesto each child, they must
have two offspringliving to reproductive age to have Fitness=1

P Fitness=1 does not exactly meanthat you have passed on 100% of your genes tothe next generation
(Remember: sometimes you send two copies of the same gene and zero copies of the other)
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The Cost of Mating
*  Cost of sexual mechanisms
— Chemical attractants
— Sexual organs
*  Cost of matingbehaviour
— Courtshipis costly
— Potential exposure to predators
* Disease Transmission
Sexuality must have its advantages
* Hardlyany asexual lineages seemold, and fossil evidence has suggested that asexualityisadead end

* The prevalence of sexuality amongst speciesis caused not because asexual speciesdon'tevolve, but beca use
theydon't last

Red Queen Hypothesis
The Red Queen Hypothesis was first suggested by Leigh Van Valen.

Accordingto thistheory, organisms have to run fast-just to stay still! Thatis to say, they constantly have to
“run to try to improve” (and the development of sex would be one way of accomplishing that).

An animal constantly must run to chase its prey, elude predators, and resistinfection from disease-causing
organisms

Evidence for Red Queen Hypothesis

» Intop minnows, sexual and asexuallineages coexist

» Sexuallineages are the least susceptible to parasites

» Geneticvariation neededto keep up with evolution of parasites
Why are babies born young?

» Somaticcellsdie, butthe germline seemsto be practicallyimmortal



Page |3

» Inalandmarkarticle published in 1989, Bernstein, Hopf, and Michod suggested that they had discovered the
answer:

P ‘Weargue that the lack of ageing of the germ line results mainly from repair of the genetic material by
meioticrecombination during the formation of germ cells.

Muller’s Ratchet hypothesis
*  Vastmajority of mutations are detrimental
* Mutationacquisitionisaone-way processinthe genomes of asexuals
* InSalmonella typhimurium 444 lineages started from asingle colony

* After1700 generations, 1% of lineages showed decrease infitness (growth rate) but no lineages showed
increased fitness

Sexincreasesvariation
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» Genesfrommaternal and paternal parent get “shuffled up” when gametes are made
» Causessome gametesto have “superfit” genotypes and others to have “superunfit” genotypes
Theory for the Origin of Sexual Reproduction

Viral Eukaryogenesis: Eukaryotic cells arose from a combination of a DNA virus and a bacterium. The virus
incorporated geneticmaterial from the bacterium and took overthe role of information storage for the cell. Meiosis
arises because of selective pressure on
the virusto spread horizontally
throughout the population by cell-to-cell
fusion. Two cellsinfected with related
but differentviruses fused because they \
recognised each otherasuninfected. (a)
Afterthe fusion of the two cells,

incompatibilities between the two viruses

resultina meiotic-like cell division.

Initial DNA virus
RNA cell RNA cell — DNA cell

SPERMATOGENESIS

Spermatozoadevelop from male primordial germ cells called spermatogonia.

Duringembryoniclife these cells originatein the endoderm of the yolk sacand migrate to the region where testes
are to develop. here theyincreasein number by mitoticdivision and finally settledownin the developing
seminiferoustubules.

TESTES



Spermatogoniaremain dormantduringinfancy and childhood of the individual.
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When the person achieves puberty,the interstitial cells of the testes begin to secrete testosterone,underthe
influence of this hormone the process of spermatogenesisis occur.

Seminiferous
tubule

With the onset of puberty the spermatogoniabegin
to divide mitotically and soon three varieties of
male primordial germ cells can be identifiedinthe
seminiferous tubules:

(i) Type A dark spermatogonia
(ii) Type A pale spermatogonia

(iii) Type Bspermatogonia

Type A dark spermatogonia

These cellsare considered to be reserve cells.they
occasionlly divide mitotically to maintain theirown
numberandto give rise to type A pale
spermatogonia.

Type A pale spermatogonia

These cells divide by mitosis regularly to give rise to
othertype A pale spermatogoniaas well astype B
spermatogonia.

Type B spermatogonia

» Each type B spermatogonium divides
mitotically afew timesto produce a
number of daughtercells which do not
divide furtherbutenlarge tobecome
primary spermatocytes.

Lumen of seminiferous tubule

Stages of

sperm
maturation: £

SO spermatocyte

Spermatozoon

Spermatids

Secondary

Primary
spermatocyte

Spermatogonium

SPERMATOGENESIS

46, XY

@ Spearmatogonium

Primary spermalocyte
46, XY

First
meiotic
division
\ y

23, X

Secondary sparmatocy
Second
meiotic
division
23, X

23, X 2
Spearmaticds
SPERMIOGENES)

|

-
¢

(

Normal
sperms
=

23, X 23, X 2

-

ol e

23.Y
7 \

23, Y

|
ij

-
=

3,7

» The spermatogoniaand the early spermatocytes have the same chromosomal configuration as thatof all

ordinary somaticcell.

» Each primary spermatocyte replicatesits DNA and duvides by meiosis-I to give rise to two daughter cells

called secondary spermatocytes.

» Each secondary spermatocyte undergoes meiosis-Il to produce two daughter cells called spermatids.
» The spermatids come to lie within grooves on the luminal surface of sertoli cells where they enterthe next
stage of spermatogenesis,which is called spermiogenesis.
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Spermiogenesis.

The process by which spermatids are transformed into spermatozoais called spermiogenesis.

Spermiogenesisinclude:

O O O O O O

e condensation of nuclear chromatin

e Formation of acrosome

e Developmentofaflagellum

e Loss of excesscytoplasm
During spermiogenesis no further chromosomal change buriedin the grooves on the surface of the sertoli
cells of the seminiferous tubules occur buta great modification in the shape of the cell takes place.
The spermatids lie buried in grooves on the surface of the sertoli cells of the seminiferous tubules.
A spermatidisa small,round cellcontaining a centrally located spherical nucleus.
Importantorganellesare also present:
Thereisa prominentgolgi apparatus
A pairof centriole
Numerous mitochondria

The formation of spermatozoon involves elaborate changesin all these cellularelements

The golgi apparatus give rise to a large vesicle,called acrosome,which come tolie at the anterior pole of the
nucleusinthe form of cap.
The acrosomal material isrich in carbohydrates and contains hydrolyticenzymes.

Hesidual cyloplasm

Fig. 6: Diagram illustrating spermiogenesis. Note the following: development of the
tail, formation of the acrosome, end-to-end arrangement of the mitochondria to form a
collar like mitochondrial sheath, and shedding of the excess cytoplasm.

The nucleusitself become progressively condensed and assume a highly flattened and elongated shape.
The area occupied by the nucleus and acrosomal cap becomes te head region of the developing
spermatozoon.

As the acrosome isformng ,the two centrioles move to the caudal pole of the nucleus.

One of the centriole give rise to flagellum which form the tail of the developing spermatozoon.

The cell gradually elongates;this elongation occur due to displacement of the cytoplasm caudally.

The mitochondria gradually move toward the caudal region of the cell.thearea containing the mitochondria
isknown as middle piece of the spermatozoon.

In the final stages of the maturation of the spermatid,the residual cytoplasmis partitioned off from the
remainder of the spermatid.

Whenthe spermis released from the seminiferous epithelium,the excess cytoplasm becomes detached from
the spermasmembrane-bound structure called residual body,which is phagocytosed by the sertoli cells.
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The net result of these changesis that a fully developed spermatozoon

i.attainaverysmall size Principal piece of tail
ii.is capable of attaining motality Head
lii.attains only those cellular structures Nucleus
. . . covered
which are essentialto make it capable by acrosome

of fertilizingan ovum. Neck — 7

Middle piece > 2
of tail

End piece of tail

OOGENESIS

» The processof formation and development of ova is called oogenesis.

» Like spermatogonia,the oogoniaalsooriginate in the endoderm of the yolk sacduring development.

» From here they migrate to and settle downinthe developingovaries.

» Intheovariesthe oogoniapassthrough a phase of proliferationin which theyincrease in number by a series
of mitoticdivision.

P Latergreatnumbersofthese oogoniadegenerate and disappear.

P Bythe 12" week of the development all of the persisting oogonia enlarge in size to become primary
oocytes,after which no proliferation occurs.the primary oocytes become surrounded by asingle layer of
follicular cellsto form spherical or ovoid structure called ovarianfollicles.

» A primaryoocyte contains a relatively large,vesicular,eccentrally situated nucleus with a prominent
nucleolus.

» Theoocyte nucleusin many speciesincreases significantly in volume and becomesvery active in RNA
synthesis.

P Cytoplasmicorganelles are much more abundantin oocytes.
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For instance a fully grown Xenopus oocyte contains 200,000 times as many ribosomes as an average somatic
cell.

Animal eggs contain proteins,lipids and glycogen to nourish the developing embryo.these materials which
are collectivelycalled yolk,accumulatein the egg cytoplasm.

The amounts of yolk are minimumin mammalian eggs,which have to sustain embryogenesis only toavery
immature stage.

In contrast the large eggs of birds and reptiles have large amount of yolk to support embryonicdevelopment
to advanced stages.

In the course of embryogenesis,yolkis broken downinto small molecules,such asamino acids,which are then
used by embyoniccellsintheir synthetic processes.

Like RNA,yolk accumulatesin the oocyte during meioticarrest and contributes to the oocyte’s enormous
growth.

Major egg proteins are called vittelins,which are formed from precursor called vitellogenins.
In vertebrates vitellogenin synthesis occurinliver.
In insects the major productionssite is the fat body.

Initially the plasmalemma of the oocyte is smooth and in close apposition with the surrounding follicular
cells.however, asthe oocyte enlarges and the zona pellucidaforms aroundit,a uniform cover of microvilli
developsoverthe oolemma.

The golgi apparatus produces a special type of granules called cortical granules.they are bounded by a unit
membrane and contain enzymes which play averyimportantrole in blocking polyspermy.

At the end of the growth period,all the primary oocytes replicate their DNA and then enterthe prophase of
mieosis-l,but the completion of the prophase of this division does not occur durinng the rest of the intra-
uterine life.during this period and fora long time after birth,these cellsremainarrestedin the prophase of
meiosis-l.this prolonged period of suspended prophase persists for several years.

Eventually, with the onset of puberty the process of oogenesisis reactivated.

Duringthe follicular phase of each ovarian cycle many ovarian follicles grow under the influence of FSH but
only one of them ovulates,others degenerates.

Shortly before ovulation,the primary oocyte completes meiosis-l and divide into two daughter cells.
Unlike spermatogenesis,the division of cytoplasm is markedly unequal.

one of the daughter cells recieves most of the cytoplasm andis known as secondary oocyte; the othercell
calledfirst polar body recievesvery little cytoplasm.itis a small non-functional cell which may divide again
but eventually undergoes degeneration.

As soon as meiosis-lis completed,the secondary oocyte enters the meiosis-lIl but the division progresses only
uptothe metaphase whenthe processisonce again arrested.this so called ovum s released at ovulation.

The second meioticdivision will only be completed if the ovum s fertilized by the sperm.
Eggs of differentanimal species are ovulated and fertilized at different stages of mieosis.

As soon as the cell membrane of the ovum is penetrated by asperm,the oocyte completes the second
meioticdivision and two daughter cells are produced.once again,most of the cytoplasm goes to one cell
whichis called ootid.the other cell called second polar body,is smalland fuctionanless that soon
degenerates.

Eggs are protected by elaborate envelopes.

The plasmamembrane of egg cell is covered by a glycoprotein layer,called zona pellucidain mammals and
generally referred to as vitelline envelope which plays animportantrole in fertilization.
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P Incontrast,many types of eggs deposited on land,such as those of reptiles and birds,have hard shells.for
instance the yolky chicken eggis surrounded initially by afragile vitelline envelope.above this envelope several
layers of “egg white” consisted of ovalbuminis deposited above which shell membranes are added.
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Fertilization

P Fertilizationisthe process whereby two sex cells (gametes) fusetogetherto create a new individual .

P Fertilization accomplishes two separate ends: sex (thecombining of genes derived from the two parents)
and reproduction (the creation of new organisms).

»  Thus, the first function of fertilization is to transmit genes from parent to offspring, and the secondis to
initiate inthe egg cytoplasmthose reactions that permit developmentto proceed.

» Althoughthe details of fertilization vary from species to species, conception generally
consists of four major events

1. Recognition between sperm and egg.
2. Regulation of sperm entry into the egg.
3. Fusion of the geneticmaterial of spermand egg.

4. Activation of egg metabolism to start development.
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Recognition of sperm and egg

»

The interaction of sperm and egg generally proceeds according to five basicsteps

1. The chemoattraction of the spermto the egg by soluble molecules secreted by the egg

2. The exocytosis of the acrosomal vesicle toreleaseits enzymes

3. The binding of the spermto the extracellularenvelope (vitelline layer orzona pellucida) of the egg
4. The passing of the sperm through this extracellularenvelope

5. Fusion of egg and sperm cell plasma membranes

Enclosingthe cytoplasmis the egg plasma membrane. Outside the plasma membraneis the vitelline
envelope. This envelope contains glycoproteins and is ofteninvolved in sperm-egg recognition. Itis
supplemented by extensions of membrane glycoproteins from the plasma membrane and by proteinaceous
vitelline posts that adhere the vitelline envelopeto the membrane. The vitelline envelope is essential forthe
species-specificbinding of sperm.

In mammals, the vitellineenvelope is aseparate and thick extracellular matrix called the zona pellucida.

The mammalian eggisalso surrounded by alayer of cells called the cumulus, which is made up of the
ovarianfollicular cells that were nurturing the egg at the time of its release from the ovary.Mammalian

sperm have to get past these cells tofertilize the egg. The innermost layer of cumulus cells,immediately
adjacentto the zona pellucida,is called the coronaradiata.

External fertilization in sea urchins

>
4

4
4

Many marine organisms release theirgametesinto the environment.

These organisms are faced with two problems: How can sperm and eggs meetin such a dilute concentration,
and how can sperm be prevented fromtryingto fertilize eggs of another species?

Two major mechanisms have evolved to solve these problems:

species specificattraction of sperm and species-specificsperm activation.

Sperm attraction:

»

One chemotacticmolecule, called resact, has beenisolated from the eggjelly of the sea urchin Arbacia
punctulata .

Resact diffuses readily in seawater and has a profound effectatverylow concentrations whenaddedtoa
suspension of Arbacia sperms.

Resact is specificfor A.punctulata and does not attract sperm of other species. A. punctulata sperm have
receptors in their plasma membranes that bind resact and can swim up a concentration gradient of this
compound until they reach the egg.

The acrosomal reaction in sea urchins

4
4

v

Acrosomal reactioninseaurchinsis initiated by contact of the sperm with the eggjelly.

In sea urchins, the acrosomal reaction isthoughtto be initiated by afucose -containing polysaccharide in the
eggjellythatbindstothe spermandallows calciumto enterinto the sperm head.

In most marine invertebrates, the acrosomal reaction has two components:
the fusion of the acrosomal vesicle with the sperm plasma membrane and

the extension of the acrosomal process
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Species-specificrecognitionin sea urchins

»

Once the sea urchinsperm has penetrated the eggjelly, the acrosomal process of the sperm contacts the
surface of the egg. A majorspecies-specificrecognition step occurs at this point. The acrosomal protein
mediating this recognitionis called bindin.

it iscapable of bindingtodejellied eggs of the same species.

Thus, species-specificrecognition of sea urchin gametes occurs at the levels of sperm attraction, sperm
activation, and sperm adhesion tothe eggsurface.

Once the sea urchinsperm has penetrated the eggjelly, the acrosomal process of the sperm contacts the
surface of the egg.

Gamete Fusion and the Prevention of Polyspermy

1)

O

2)

3)

Fusion of the egg and sperm plasma membranes

Recognition of sperm by the vitellineenvelope is followed by the lysis of that portion of the envelope of the
sperm head by the acrosomal enzyme. This lysisis followed by the fusion of the sperm plasma membrane
with the plasma membrane of the egg.

The prevention of polyspermy

The fast block to poly-spermy is achieved by changingthe electric potential of the egg plasma membrane.
This membrane provides aselective barrier between the egg cytoplasm and the outside environment,and
theionicconcentration of the egg differs greatly from that of its surroundings.

Within 1 3 seconds afterthe binding of the first sperm, the membrane potential shifts to a positive level,
about+20 mV. This change is caused by a small influx of sodiumionsintothe egg.

Slow block to polyspermy
The slow block to polyspermy.
Directly beneath the seaurchin egg plasmamembrane are about 15,000 cortical granules.

Upon sperm entry, these cortical granules fuse with the egg plasma membrane and release their contents
intothe space betweenthe plasma membrane and the vitelline enve lope proteins.
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Several proteins are released by this cortical granule exocytosis. The first are proteases. Theseenzymes
dissolve the protein posts that connectthe vitellineenvelope proteins to the cell membrane, and they clip
off the bindinreceptorand any sperm attachedto it .

Mucopolysaccharides released by the cortical granules produce an osmoticgradient that causes

waterto rush into the space between the plasma membraneand the vitelline envelope, causing the
envelopeto expand and become the fertilization envelope. A third protein released by the cortical granules,
a peroxidase enzyme, hardens the fertilization envelope.

Finally, afourth cortical granule protein, hyalin, forms a coatingaround the egg .

The egg extends elongated microvilli whose tips attach to this hyaline layer. This layer provides support for
the blastomeres during cleavage.

Fusion of genetcmaterial

4

4

In seaurchins, the sperm nucleus enters the egg perpendicularto the egg surface. After fusion of the sperm
and egg plasma membranes, the sperm nucleus and its centriole separate from the mitochondriaand the
flagellum. The mitochondriaand the flagellum disintegrate insidethe egg, sovery few, if any, sperm-derived
mitochondriaare foundin developing oradult organisms.

Thus, although each gamete contributes a haploid genome to the zygote, the mitochondrial genome is
transmitted primarily by the maternal parent.

Afterthe seaurchinspermenters the egg cytoplasm, the male pronucleus rotates 180° so that the sperm
centriole is between the sperm pronucleus and the egg pronucleus. The sperm centriole thenactsasa
microtubule organizing center, extendingits own microtubules and integrating them with egg microtubules
to forman aster.

These microtubules extend throughout the egg and contact the female pronucleus,and the two pronuclei
migrate toward each other.

Theirfusion forms the diploid zygote nucleus.

The Activation of Egg Metabolism

»  Althoughfertilizationis often depicted as merely the means to merge two haploid nuclei,it hasan equally
importantroleininitiatingthe processes that begin development.These events happenin cytoplasmand
occur withoutthe involvement of the parental nuclei.

» Therelease of calciumionsthatoccurs whenthe sperm enters the eggis critical for activatingthe egg’s
metabolism and initiating development.

» Calciumionsrelease the inhibitors from maternally stored messages,allowing these mRNAs to be translated.

P Theyalsorelease theinhibition of nucleardivision,thereby allowing cleavageto occur.

IP3 Pathway

» The membrane phospoholipid phosphotidylinositol4,5-bisphosphate is split by the enzyme phospholipase C
to yield two active compounds i.e IP3(inositol 1,4,5-triphosphate) and DAG(diacylglycerol).

» IP3isabletoreleasecalciumionsintocytoplasm by openingthe calcium channels of endoplasmicreticulum.

» DAG activates protein kinase Cwhichinturn activate Na+/H+exchange pump.

» These processesresultinthe liberation of Ca2+ and the alkalinization of eggand therefore areinvolved in the

development of egg.
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CLASSIFICATION OF EGGS

The Structure of a typical Ovum

Ovumis the female gamete. It storesfood required for the entire process of developmentin the form of
yolk. Ithas three importantf unctions:

1. It suppliesahaploid set of chromosomesto the future embryo.

2. It contributes almost all cytoplasmto the zygote.

3. It suppliesfood tothe developingembryo

Shape and Size

Typically, the eggs are spherical orovoidinshape. Butina few animalslike insects, the eggs are elongated
and cylindrical . Eggs are generally largerthanthe sperms and average somaticcells.

The egg is covered externally by aplasma membrane or plasmalemma. Within the plasma membraneis the
granular cytoplasm.

Organization of Egg Cytoplasm

Yolk:

The cytoplasm of egg is known as ooplasm. Itis granular and containsin addition to the usual cellular
organelles certain otherinclusions likeyolk and cortical granules. The peripherallayer of ooplasmis more
viscous and gelatinous. Itis known as the egg cortex whichis provided with many microvilli and cortical
granules. The microvilli are formed by the outpushings of the plasmalemma and they help intransportation
of substancesfromthe outside into the ooplasm during the development of egg.

Theyare membrane bound and are formed from golgi complex. They contain homogeneous and granular
polysaccharides. Cortical granules are presentin the eggs of sea urchins, frogs, fishes, bivalve molluscs,
several annelids and certain mammals.

Nutritive substances are stored in the cytoplasm of eggin the form of yolk. This stored food is utilized by the
embryoforits early development. The process of formation of yolk is known as vitellogenesis. The yolkis a
complex material consisting of proteins, fats, carbohydrates etc. The yolk may be called "protein yolk" when
it has more proteinsthan lipids, or" fatty yolk" whenit has more fat contents than the proteins. Most
animal eggs contain both kinds of yolk.

Classification of Egg

1. On the Basis of the Amount of yolk

2. On the Basis of the distribution of yolk
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* 3. 0nthe basis of potentialities of egg for further development
Classification of egg on the basis of amount of yolk
* Eggs are groupedintofourtypesonthe basis of the amount of yolk presentinthem.
a. Alecithal egg
b.Microlecithal egg
c.Mesolecithal egg
d.Macrolecithal egg

1) Alecithal egg:

e Whenthe egg contains negligibleamountof yolk, itis called alecithal egg.
Eg. The eggsof Eutherianmammals

2)Microlecithal egg :

e Whenthe egg containsmall amountof yolkitissaidto be microlecithal.
e Romerand Balinsky named these eggs as oligolecithal eggs.
e Eg.Amphioxus, Tunicates

3)Mesolecithal egg:

e Whenthe amountof yolk presentis moderate andis not high, these eggs are also named as mesolecithal
eggs
e e.gamphibian, Dipnoi, xenopus and Petromyzon

4)Macrolecithal egg:

e Whenthe egg containslarge amount of yolkit is said to be macrolecithal or megalecithal egg.
e [tisalso called Polylecithal egg.
e Eg. bonyfishes'amphibians,reptiles and birds. Etc

Alecithal egg microlecithal egg mesolecithal egg macrolecithal egg

On the Basis of the distribution of yolk
a. Isolecithal egg
b. Telolecithal egg
c. Centrolecithal egg

a. Isolecithal orHomolecithal Egg:

e Inisolecithal eggs, the very littleamount of yolk presentis uniformly distributed throughout the ooplasm
e (e.gechinoderms, Amphioxus, mammals). This conditionis usually observed in eggs with very littleam ount
of yolk.
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b. Telolecithal Egg:

e In eggscontaining moderate orlarge quantity of yolk, the distribution of yolkis not uniform. Itis
concentrated more towards the vegetal pole. Such atype of egg, in which the yolkis concentrated towards
one pole, is called telolecithal egg.

e Telolecithal eggs may furtherclassified into three types
1. Slightly Telolecithal This type of egg contains only a small quantity of yolk which is distributed unevenly.

The vegetal pole has the highest concentration and the animal pole the lower (e.g. eggs of fishes).

2. Moderately Telolecithal egg Thistype of egg containsa moderate quanilty of yolkwhichis
Distributed unevenly. Due to high concenteration of yolk inthe vegetal hemisphere, the nucleusis
shifted more towards the animal hemisphere (eg. amphibian egg).

3. ExtremelyTelolecithalEgg Inthistype of egg, due to the heavy deposition of yolk, the entire vegetal
hemisphereand amajor portion of the animal hemisphere are occupied by yolk. Due to this extremely
uneven distribution of yolk, the ooplasm and nucleus are displaced towards the animal pole(e..g
reptilianandavian eggs).

c. Centrolecithal egg:

* Eggof manyarthropodsand some coelenterates are described as centrolecithal. They are relatively large
and elongate and have avery great amount of yolk. The nucleus lies at the geometriccentre of the yolk
mass, surrounded by a small amount of cytoplasm. A thin cytoplasmiclayer covers the surface of the yolk.
Fine strands of cytoplasm extend from the peripheral layerto the zone occupied by the nucleus.

3

On the basis of potentialities for further development
1)Mosaic Egg:

In certain eggs, every portionis predetermined with respect toits potentialitiesforfurther development

If a small portion of such an eggis removed, adefectiveembryois formed, Thisis because removal of a portion
resultsina permanentlossfromthe egg. The remaining portion of the egg cannot make compensatory development
forthe lost part. Such an egg, is called mosaicor determinate egg (e.gannelids, Molluscs).

2)Regulative Egg
Invertebrates and most of the invertebrates, the developmental potentialities are not predeterminedinthe eggs.
Removal of a small portion of the egg, or even one or two early blastomeres will not affect the normal development.

Thistype of eggin which the future developmental potentialities are not predetermined is known as regulative or
indeterminate egg.
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Cleavage

Cleavageisarapid series of mitoticdivisions that occur just afterfertilization.
There are two critical reasons why cleavage is soimportant:

e Generationof alarge number of cells that can undergo differentiation and gastrulation to form organs.

e Increaseinthe nucleus/cytoplasmicratio. Eggs need a lot of cytoplasm to support embryogenesis. Itis
difficultorimpossibleforone nucleus to supportahuge cytoplasm, and oocytes are one of the largest cells
that exist. One small nucleus just cannot transcribe enough RNA to meet the needs of the huge cytoplasm.

e Alargernucleustocytoplasmicratiois optimal forcell function. Celldivision occurs rapidly afterfertilization
to correct this problem.

Cleavage differs from normal mitosesin 2 respects

1. Blastomeresdonotgrowin size between successive cell divisions asthey doin mostcells. Thisleadstoa
rapidincrease inthe nucleus/ cytoplasmicratio. Cells undergoing cleavage have mainlySand M phases of
the cell cycle (little orno G1 or G2).

2. Cleavage occursvery rapidly, and mitosis and cytokinesisin each round of cell division are complete within
an hour. Typical somaticcells divide much more slowly (several hours to days) and even the fastest cancer
cells divide much slowerthan occursin a zygote during cleavage.

Cleavage differsin differenttypes of eggs. The presence of large amounts of yolk alters the cleavage pattern, leading
to incomplete cleavage that characterizes birds and reptiles.

Eggs are classified by how much yolk is present

1. Isolecithal eggs (iso=equal) have asmall amount of yolk thatis equally distributed in the cytoplasm (most
mammals have isolecithal eggs).

2. Mesolecithal eggs (meso=middle) have amoderate amount of yolk, and the yolkis present mainly in the
vegetal hemisphere (amphibians have mesolecithal eggs).

3. Telolecithal eggs (telo=end) have a large amount of yolk that fills the cytoplasm, exceptforasmall area
nearthe animal pole (fish, reptiles, and birds).

4. Centrolecithal eggs have alot of yolkthatis concentrated within the center of the cell (insectsand
arthropods).

The pattern of cleavage of the zygote depends upon the pattern of yolk distribution

1. Holoblasticcleavage: occursinisolecithal
eggs (mammals, seaurchins). The entire egg
iscleaved during each division.

Typical cleavage patterns of isolecithal, mesolecithal,
telolecithal and centrolecithal eggs

Isclecithal 0gg Mesoloathal egg Tolclocrhal ogp Centrolocehal egg

2. Meroblasticcleavage occurs when eggs
have a lot of yolk. The egg does notdivide .
completely ateach division. Two types:

+ Discoidal cleavageislimited toa small

disc of cytoplasm at the animal pole. All cloavage doavage 33;?%:' deavage
of the yolkfilled cytoplasm fails to - ; IR
cleave (characteristicof telolecithal =r .
eggs such as birds).
+ Superficial cleavage is limited to a thin l l L l
Blasiocosl!

surface area of cytoplasm that covers e [
the entire egg. The inside of the egg e " e
thatisfilled with yolkfails tocleave
(centrolecithal eggs such asinsects).

" Biastocoed

Sen urchin Frog Bird Insect
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Sea Urchins Have Isolecithal Eggs And Undergo Holoblastic Cleavage

e Cleavage plane:thisisthe planeinwhich cleavageoccurs. Itis oriented atright angles to the metaphase
plate. Inseaurchins, the first cleavage is meridional.

e Meridional cleavage runs from one pole to another(top to bottom), like the meridian on aglobe.

e Thesecondcleavageisalsomeridional.

e Equatorial cleavage encircles the zygote like the equator on the globe. The third cleavage in the sea urchinis
equatorial. This creates an animal and vegetal half.

Animal pole

Vegetal pole

e Thefourthcleavageisunique. Equal cytokinesis occursinthe four blastomeres of the animal pole, giving rise
to 8 mesomeres (allthe same ssize).

e Unequal cytokinesis occursinthe vegetal pole. This causes 4large macromeres and 4 small micromeres

e The 5" cleavage is meridional. All mesomeres divide equally as do the macromeres.

e As cleavage progresses, all blastomeres adhere atthe outersurface, butattachmentislostat theinner
surface. The blastocoel is acavity formed due to the unequal adherence of blastomeres.

Mesomeres (8) an4-derived (2x8)

4 5 any-derived (2x8)
e —-
Blastocoel
veg, (8)
veg, (8)
Macromeres (4) micromeres (4) Large micromeres (8)
Micromeres (4) Small micromeres (4) Small micromeres (4)

Amphibian eggs have moderate amount of yolk, however, they are still able to undergo holoblastic cleavage.

The 1st cleavage is meridional, asis the 2nd. The 3™ cleavage is equatorial. The cleavageis displaced toward the
animal pole due tothe yolk. Thisresultsin 4 small animal blastomeres and 4 large vegetal blastomeres.

Morula (morum = mulberry) atthe 16 to 32 cell stage the embryois called a morula because it looks like amulberry.

16 calls Blastula Gastrula Neaurula Tadpole
1000 cells 30,000 cells 80,000 170,000



The blastocoel is displaced to the animal polein
amphibians

e Blastula=fromthe 128 cell stage onward the
amphibianembryois ablastula. The outersurface of
the amphibian blastula has cells connected by
specialized cell junctions.

e Tightjunctionscreate a seal thatisolates the outside
of an embryo fromthe innerlayer. Tight junctions

. . Vegetal
polarize the apical and basal surfaces. The basal hemisphere
portions of cells start secretinginto the blastocoel.
Desmosomes attach the Tight Junctions Desmosomes
blastomerestogetheronthe

. Connecling _
outside. J:?;:'.?::l tilaments JT

e Gapjunctionsconnectall TN TSNS vaf'"'“'c
..... slacie
surface blastomeres. Intercellulas
space

Cytoskeloted

Mammalian eggs have rotational
Plasma filamants

cleavage that is holoblastic membranes

ate, -
. - .
» Tran®

Intercelular i | et asma

. . . space membranes
e Themammalianeggisa little

slow. Itbeginstocleavein Gap junctions
the oviductand continues
untilitimplantsinthe wall of
the uterus (1 cleavage / 24
hr). Hydrophilic
channel
e Asynchronouscleavage:
mammalian embryos are
unusual inthat they have intircaliuler
asynchronous cleavage. Not spance
all blastomeres divideatthe
same time.
e Thefirstcleavage is meridional, and the second cleavage is rotational. The 2 blastomeres dividein different
planes(oneisequatorial and one is meridional.

Plasma

Connexons

Mammalian embryos undergo compaction at the 8 cell stage

e Atfirst, the blastomeres of mammalian embryos have aloose arrangement, and touch only at the basal
surfaces.

e Aftercompaction, blastomeres adheretightly, maximizing the area of contact.

e Duringcompaction, each blastomere undergoes polarization. Tight junctions develop on the outer surface,
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e allowingproteinstospecialize.Cells take up fluids from the uterine environment and Secrete into the
blastocoel.
e Gapjunctionsformonthe outercellstoaidin intercellularcommunication.

A blastocoel develops as cleavage proceeds to the 32-64 cell stage

e Aftercompactionat the 8-16 cell stage, there are 2 types of blastomeres. Outside blastomeres are tightly
joined and numberabout 9-14. They surround 2-7 inside blastomeres that are loosely joined.

e Cavitation:the outside blastomeres start to take up fluid from the uterus and pump it into the center,
creatingthe blastocoel. The blastocystis the characteristic of early embryonicdevelopmentin mammals.

e Innercell mass:this givesrise tothe embryo, and develops from the inside blastomeres
e Trophoblast: a structure consisting of outside blastomeres, this contributes to forming the placenta.

Embryonic stem cells can be
cultured from the inner cell mass

e Cellsintheinnercell mass Large interceliuiar space

are undifferentiated, they
multiply indefinitely, and are
known as embryonicstem (a) Early 8-cell stage
cells. Stemcellsare
totipotent=they have the
potential toformanytissue.
These cells are of great

Tight junctions
between outside cells

) . > Gap junctions
scientificand medical between inside cells
importance.
e Theycan be removedfrom (b) Morula (16 cells) (c) Blastocyst (32-64 cells)

the embryo, genescanbe

introducedintothe cells, and )
then they can be placed back in Early development and cleavage in humans

the blastocyst. Thisis how one '
. “ 58-cell blastocyst  16-cell moruta  2-cell embryo First mitotic Zygole
constructs transgenicor “knock {4 days) {3 days) {15 days) dwision (pronuclear stage)

out” mice.

e Theembryonicstemcellsare
alsousedto grow certaintypes
of tissuein culture.
Theoretically, it should be
possible to grow structures
such as ears, muscles, nerves,
and skin fortransplantation to
sickindividuals.

e Interestingly, if youinject
adult, differentiated cells back
intothe environmentof the
morula or blastula, they
become undifferentiated, and
they can redifferentiate to
form many parts of the body.

Development of monozygotic or identical twins

Monozygotictwins develop from one zygote by splitting at various stages of development (fromthe 2 cell to the
blastocyst stage).

The stage of splitting effects the overallstructure of the embryo and extra embryonicmembranes.Conjoined twins

. are identical twins who develop from asingle fertilized ovum.

. are always the same sex and race.



. are more oftenfemale than male, ataratio of 3:1.

. occur once in 40,000 births but only once in 200,000 live births.
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. may be caused by any number of factors, beinginfluenced by geneticand environmental conditions.

Gastrulation in mammals

Mammalian eggs have rotational cleavage that is holoblastic

The mammalianeggisa little slow. Itbeginstocleavein [
the oviductand continues until itimplantsin the wall of
the uterus (1 cleavage /24 hr).

<
Asynchronous cleavage: mammalian embryos are A8\ co

unusual inthat they have asynchronous cleavage. Not all
blastomeres divideat the same time.

S~ B

Thefirst cleavage is meridional, and the second cleavage is rotational. The 2 blastomeres dividein different planes

(oneisequatorial and one is meridional.

Mammalian embryos undergo compaction at the 8 cell stage

At first, the blastomeres of mammalian embryos have aloose arrangement, and

touch only at the basal surfaces.
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After compaction, blastomeres adhere tightly, maximizing the area of contact. During compaction, each blastomere
undergoes polarization.

—= '_"N
Tightjunctions develop on the outersurface, allowing proteins to specialize. L Lo sl s

{
Cellstake up fluids fromthe uterine environment and Secrete into the blastocoel. i '/'

1n) Ewrly B-cull xtnge

Gap junctionsformonthe outercellstoaidin intercellular communication.
Tight jurctions
betwoen cutside cells

Gap junctions
between inside culy

A blastocoel develops as cleavage proceeds to the 32-64 cell stage

After compaction at the 8-16 cell stage, there are 2 types of blastomeres. Outside

blastomeres are tightly joined and number about 9-14. They surround 2-7 inside
blastomeresthatare loosely joined.

Inner cell mass (ICM)
Cavitation: the outside blastomeres start to take up fluid from the uterus and

pumpitintothe center, creating the blastocoel. The blastocystis the

characteristicof early embryonicdevelopmentin mammals. Blastocoel
Innercell mass: this gives rise tothe embryo, and develops from the inside \ j

\ Trophotiast
blastomeres \{_ﬁ,é

. . . . . Bla 64 colll
Trophoblast: a structure consisting of outside blastomeres, this contributes to 6 Blastocyst (32-64 cet)

formingthe placenta.

Beginning of implantation

The blastocyst lies free in the uterine secretions for about 2 days.

On the 6™ day of development the zona pellucida disappears and the conceptus begins toimplantinto
endometrium.

The trophoblast beginto differentiate into two layers

i.the outerlayer called syncytiotrophoblast, consists of multinucleated protoplasmic mass in which no cell
boundaries can be distinguished

li.theinnerlayer, termed cytotrophoblast, is made up of mono-nucleated cells with distinct boundaries
The syncytiotrophoblast possess active invasive properties because it secrete hydrolyticenzymes

Completion of implantation

On day 7 the blastocyst become tightly adherent to the epithelium of the endometrium due to invasive activity of
the syncytiotrophoblast.

The cells of endometrium respond by differentiatinginto large polyhedral cells, which are laden with lipids and
glycogen.

The endometriumis now referred to as decidua.

As implantation progresses, the expanding syncytiotrophoblast gradually spreads overthe outer surface of the
blastocyst and by day 9 the blastocystisalmost completely covered by athick layer of syncytiotrophoblast.

Formation of bilaminar germ disc

With the beginning of the second week, the cells of the embryoblast become differentiated into two layers,
Epiblastand hypoblast
Formation of amnioticcavity

Development of primary yolk sac
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Gastrulation
Gastrulationin mammals begins with the appearance of primitive streak on the dorsal surface of the embryonicdisc

On day 15 of developmentthe primitive streak can be seenin the longitudinal midline of the caudal part of the
embryonicdiscasa narrow groove with slightly elevated margins.

These elevations are produced by proliferation and accumulation of epiblasticcells.
The groove within the primitivestreakis called primitive groove.

By the 16" day a small circularswelling appears at the cranial end of the primitive streak. This swelling called
primitive node, shows asmall depression called primitive pit.

At its cranial end, the primitive groove become continuous with the primitive pit.

Afterformation of the primitive streak and appearance of the primitive groove, the epiblastic cells surrounding the
primitive streak begin to proliferate, flatten and lose their connections with each other.

These epiblasticcells migrate towards the primitive streak

As the primitive grooveis arrived, these cells slip through the groove into space between the epiblastand
hypoblast.thisinward movement of the epiblasticcellsis called invagination.

Those epiblasticcells which enter the cranial part of the primitive streak invade the hypoblastand displace its cells,
so that eventually the hypoblast becomes completely replaced by a new layer of cells called definitive endoderm.

The definitive endoderm forms the roof of the yolk sac.

Otherepiblasticcells which invaginate through the primitive streak come to lie between the definitive endoderm

and the epiblast. These cells spread laterally and forwards to form a new layer known as embryonicmesodermalso
called intraembryonic mesoderm.

Epiblast

Afterformation of the embryonicmesoderm, those epiblastic

- -
cellswhich remain onthe dorsal surface of the embryonicdisc .. W ey
> Primitisve

ectoderm

now constitute embryonicectoderm.

streak

Under the embryonicmesoderm lies the definitive endoderm
whichisnowreferredtoas embryonicendodermorsimply S :}2&
endoderm. {mwesoderm) Wypobilast %

Thus, the two-layered (bilaminar) embryonicdisc(consisting o

of epiblastand hypoblast) has now become three-layered (trilaminar).

The three layers of the trilaminar embryonicdisc (ectoderm, mesoderm and endoderm) are called primary germ
layers. All tissues and organs of the human body will derive from thesethree layers.

: i 1 ] Blastomeres
Formation of  Primitive streak v § - <%, Mammalian blastocyst
Inner cell Amniotic extraembryonic - - - )\ g, Ectoderm
cavity membra . “{ 5 | Endoderm
i ci (b) Blastula .
) ) Savage formation
' _Ectoderm
F— Nlmt“m ', Mesoderm
. > plate
N b ;‘reoué\alle L) Ec“"”’""ﬁ"@x"
S ‘éq*‘ Y Mesoderm? \
= Notochord
Trophoblast Ectoderm Endoderm (d) Neurulation ,
Endoderm Endoderm

Mesoderm (c) Gastrulation
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Formation of notochord

Development of notochord consists of two events
1. Formation of notochordal process
2. Formation of notochord from the notochordal process

Formation of notochordal process

The epiblasticcells, which enter the primitive pit give rise toamesodermal tube between the ectodermand
endoderm; thistubeiscalled notochordal process.

The tubularnotochordal process grows in length as the cells proliferatingin the region of the primitive node are
added at the proximal end of the tubular process.

Formation of notochord

By the 18" day of developmentthe floor of the notochordal process fuses with the underlying e ndoderm. The fused
layersoon degenerate and disappear, resultingin the loss of floor of the notochordal process.

The openingatthe primitive pit now temporarily connects the amniotic cavity and yolk sac, this communicationis
called neuroentericcanal

Afterthe disappearance of the floor, the roof of the notochordal process forms a flattened mid -ventral bar of
mesoderm, called notochordal plate, which liesinthe roof of the yolk sac intercalated between the endodermal
cells. Lateron the notochordal plate detaches fromthe endoderm and gradually rolls up to form a sold chord of cells,
whichis called notochord.
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When this happensthe endoderminthe roof of the yolk sac becomes continuous once again and no gap remainsin
the endodermal lining of the yolk sacroof.

Neurulation

Duringthe 3™ week of development, the notochord induces the overlying ectoderm to differentiateinto a thick plate
of pseudo-stratified columnar neuro-epithelial cells. This plate is called neural plate and the ectoderm forming this
plateis known as neuroectoderm. The rest of the ectoderm which lies around the neural plate is now referred to as
surface ectoderm.

By the end of the 3 week of development, the neural plateinvaginates alongits central axis to form a groove called

neural groove. The folds forming the sides of the groove are termed neural folds. The edge of each foldis known as
neural crest.

During the 4" week the neural groove deepens, the neuralfolds become concave and rotate around the neural
groove so thattheir lateral lips meet dorsally to form atubular structure, whichis called neural tube.

As the lips of the neural tube fuse, the junction between the neuroectoerm and the adjacent surface ectodermis

pulled dorsally and the opposing margins of the surface ectoderm also meet and fuse. Due to this fusion, the neural
tube separates from the surface ectoderm.

Neural fold Neural plate Neural crest
Ecto- Neural Neural tube
:e:m \""“’;L:ﬁ: plate Neural groove Neural crest crest —

oto- ~ . I TN
chord T - w - > /N £ !_ /CSO:nite
Meso- 't =% ’ /\\ oelom
dorm Neural tube /

Endoderm Archenteron Notochord

Archenteron
(a) (b) (c) (d) (e) (digestive cavity)

Neurulation
Neurulation is a part of organogenesis in vertebrate embryos.

Steps of neurulation include the formation of the dorsalnerve cord, and the eventual formation of the central nervous
system.

The process begins when the notochord induces the formation of the central nervous system (CNS) by signaling the
ectoderm germ layer above it to form the thick and flat neural plate.
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The neural plate foldsin uponitself toformthe neural tube, which will later differentiate into the spinalcord and the
brain, eventually forming the central nervous system.

Primary neurulation
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Primary neurulation occurs in response to
soluble growth factors secreted by
the notochord. Ectodermal cells are induced
to form neuroectoderm from a variety of
signals. Ectoderm sends and receives signals
of BMP4 (bone morphogenic protein) and
cells which receive BMP4signal developinto
epidermis.
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The inhibitory
signals chordin, noggin and follistatin are
needed to form neural plate.
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These inhibitory signals are created and
emitted by the notochord. Cells which do
not receive BMP4 signaling due to the
effects of the inhibitory signals will develop
intothe anterior neuroectoderm cells of the
neural plate.
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Shape Change

The cells of the neural plate are signaled to
become high-columnarand can be identified
through microscopy as different from the surrounding epiblastic ectoderm. The cells move laterally and away from
the central axis and change into a truncated pyramid shape.

Folding
The process of the flat neural plate folding into the cylindrical neural tube is termed primary neurulation

As a result of the cellular shape changes, the neural plate forms the medial hinge point (MHP). The expanding
epidermis puts pressure onthe MHP and causesthe neural plate to fold resultingin neural folds and the creation of
the neural groove. The neural folds meet and fuse at the midline.

The folding of the neural tube to form an actual tube does not occur all at once.

The lateral edges of the neural plate touch in the midline and jointogether. This continues both cranially and caudally.

The openings that are formed at the cranial and caudal regions are termed the cranial and caudal neuropores. In
human embryos, the cranial neuropore closes approximately on day 25 and the caudal neuropore on day 27.
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Secondary Neurlation

Amen of oo

In secondary neurulation, the neural ectoderm and some NN DINES
Couhyl Luntn o A
cells from the endoderm form the medullary cord. The gy i prierpomry

medullary cord condenses, separates and then forms
cavities. These cavities then merge to form a single tube.
Secondary Neurulation occurs in the posterior section of
mostanimals butitis betterexpressed in birds. Tubesfrom
both primary and secondary neurulation eventually
connect.

Early brain development 10 dm W dn
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The anterior segment of the neural tube forms the three
main parts of the brain: the forebrain, midbrain, and the hindbrain. Formation of these structures begins with a
swelling of the neural tube. lon pumps are used to increase the fluid pressure within the tube and create a bulge. A
blockage between the brain and the spinal cord prevents the fluidaccumulation from leaking out. These brain regions
furtherdivideinto sub-regions. The neuraltube becomesthe germinal neuro-epitheliumand serves as a source of new
neurons during brain development.

Non-neural ectoderm tissue

Mesoderm surrounding the notochord at the sides will develop into the somites (future muscles, bones, and
contributes to the formation of limbs of the vertebrate).

Neural crest cells

Masses of tissue called the neural crest that are located at the very edges of the lateral plates of the folding neural
tube separate from the neural tube and migrate to become a variety of cell populations, including the cells of the
peripheral nervous system.



