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Early cleavage in Xenopus ‘fiii*?-f:-becr*liﬁo

animal  (A)

vegetal

Blastocoel

Two functions of the blastocoel:
1. Prevents cells from interacting too soon
2. allows space for cell migrations during gastrulation

FATE MAP

e The surface of the animal hemisphere will become the cells of the ectoderm (skin
and nerves),

¢ the vegetal hemisphere surface will form
the cells of the gut and associated organs
(endoderm), and the mesodermal cells will
form from the internal cytoplasm around
the equator.

e This general fate map is thought to be
imposed upon the egg by the transcription
factor VegT and the paracrine factor Vgi.

UNTREATED

Animal

Epidermis

and neurons

Mesoderm

and neurons

Endoderm

Vegetal
The animal third of the embryo produced VegT- DEPLETED
only ventral epidermis, while the marginal Asliaal

cells (which normally produced mesoderm)

generated epidermal and neural tissue. Epidermis
The vegetal third (which usually produces Epidermis
endoderm) produced a mixture of and neurons
ectoderm and mesoderm. Epidermis,
Joseph and Melton (1998) demonstrated mesoderm,
and neurons

that embryos that lacked functional Vg1
lacked endoderm and dorsal mesoderm.

Vegetal

Cortical Rotation

CALL TOLL FREE - 1800-1200-1818 for details
2/12


https://stores.biotecnika.org/products/all-in-one-8-months-coaching-for-csir-net-gate?

CSIR NET JOSH BATCH STARTS 6th June 2022 Biotecnika CSIR NET Notes

e During cortical rotation, the plasma membrane and cortex (the cytoplasmic region
just below the plasma membrane) rotate relative to the inner cytoplasm.

e The pigmentation of frog eggs makes it possible to observe this process visually and
results in a gray area, called the gray crescent

e Rearrangement is mediated by the ATPase Kinesin

e Rearrangement of cytoplasm helps in the determination of dorsal & ventral axis

Fertilization of egg 30° cortical rotation Late blastula

Animal 3 Direction of cortical rotation

Spemann

organizer

Certain Experiments Related to Cortical Rotation

1. If cortical rotation occurred at about 90° of the sperm entry instead of 30°, then the
dorsal lip of the blastopore will be formed as the same region where sperm entered

2. If the egg is activated without sperm, then cortical rotation occurs but the direction
cannot be predicted

3. If sperm entry does not induce cortical rotation then a Grey crescent will not form and
embryonic development will not take place.

EARLY-GASTRULATION
Blastopore Formation

* The bottle cells of the margin move inward to form the dorsal lip of the blastopore.
e The mesodermal precursors involute under the roof of the blastocoel
e Animal pole will change as gastrulation continues.
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SURFACE VIEW CROSS SECTION Key

B Future
ectoderm

Bl Future
mesoderm

Future
endoderm

Animal pole

Blastocoel

< - ‘Dorsallp blastopore
Vegetal pole ©f blastopore  Biastula

Blastocoel
shrinking

Yolk plug””
Involution of Marginal zone cells
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e movement of inside MZ cells dependent on ectoderm cells of blastocoel roof

secreting fibronectin

 Fibronectin is essential for mesodermal cell involution during gastrulation
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(A) (B)
Animal pole (AP) —AP—
S INVOLUTION
sl - .
Around Dorsal Lip

Superficial
Dorsal

Deep cells Qgﬂ x"- I blastopore

Dgatt lip
Vegetal pole Marginal Zonal Cells  Bottle cells INSIDE M7

OUTSIDE MZ

Involution of
Marginal Zone Cells

Dorsal mesoderm

- Archenteron

== Mesoderm

Dorsal
blastopore
lip

Endoderm

Blastocoel
displaced

Bottle cells

DUTSIDE MZ

MID-GASTRULATION

Formation of the Archenteron = Convergent Extension of the Dorsal
Mesoderm

e The archenteron forms and displaces the blastocoel Cells to migrate from the lateral
and ventral lips of the blastopore into the embryo.

* The cells of the animal hemisphere migrate down toward the vegetal region, moving
the blastopore to the region near the vegetal pole.

Toward the end of gastrulation

« The blastocoel is obliterated

 The embryo becomes surrounded by ectoderm.

 The endoderm has been internalized

 The mesodermal cells have been positioned between the ectoderm and endoderm.

Epiboly of the Ectoderm
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Dorsal mesoderm

Archenteron
AP = Mesoderm
Dorsal
Endoderm " mesoderm

Blastocoel

! Dorsal
displaced lip of
blastopore
Anterior
endomesoderm Endoderm
Mesenchyme Migration

Just like sea urchin

Ectoderm
Notochord

Dorsal
blastopore

blastopore lip lip
Lateral
blastopore lip
Yolk plug Ventral
Endoderm  ventral mesoderm

blastopore lip
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Types of Movement in Gastrulation

Invagination Involution Ingression

Local inward buckling Inward movement of a cell Movement of individual cells
of an epithelium layer around a point or edge or small groups from an
epithelium into a cavity

Delamination MIGRATION

Movement of individual cells over other cells or matri

Splitting layers of cells (sometimes used to
describe coordinated ingression) (as a unit) to envelop a

yolk mass or deeper layer

Gastrulation: Mission Accomplished

Mesenchyme _ ECTODERM

MESODERM Notochord

Dorsal
blastopore

lip
ENDODERM

Ventral
mesoderm

ECTODERM

e Ectoderm (outer layer) will produce skin & the central nervous system (brain, spinal
cord) through later invagination of the neural tube.

e In vertebrates, migrating neural crest cells form the peripheral nervous system &
many other structures, including some bone, cartilage, and connective tissue in the
head.

MESODERM

e MESODERM (middle layer) will produce muscles, connective tissue, blood and
blood vessels.

e In vertebrates also the notochord (progenitor of vertebrae), bones & cartilage, and
circulatory and urogenital systems (kidneys, gonads).
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ENDODERM

ENDODERM (inner layer) will produce the gut (entire digestive system) and other
internal organs that arise as out pocketing of the gut in- vertebrates such as the
liver, lungs, pancreas, and salivary glands.

Axis formation in amphibians

Amphibian axis formation is an example of regulative development wherein

1) an isolated blastomere has a (A) EARLY GASTRULA
potency greater than its normal Presumptive
emb[’yon]c fate neural ﬂlodcrm Presumptive

2) a cell’s fate is determined by "p'd‘""“

interactions between neighboring ’\g

cells. Such interactions are called

Neural plate

inductions g Vi
e The first cleavage plane * Epidermis
normally split the gray forms
crescent equally into thetwo () 1arEGasTRULA
blastomeres. _
e If these cells are then :;flsr‘:l??:::l(::erm Presumptive

separated, two complete epidermis
larvae develop.

e However, should this
cleavage plane be aberrant

(either in the rare natural

Neural plate

event or in an experiment), Newral plate
the gray crescent material tissue forms
passes into only one of the

two blastomeres.

e Spemann found that when these two blastomeres are separated, only the blastomere
containing the gray crescent develops normally.

e The most important clue came from the fate map of this area of the egg, for it
showed that the gray crescent region gives rise to the cells that initiate gastrulation.

e These cells form the dorsal lip of the blastopore.

e The cells of the dorsal lip are committed to invaginate into the blastula, thus
initiating
gastrulation and the formation of the notochord.

e Because all future amphibian development depends on the interaction of cells
rearranged during gastrulation, Spemann speculated that the importance of the gray
crescent material lies in its ability to initiate gastrulation and that crucial
developmental changes occur during gastrulation.

e The process by which one embryonic region interacts with a second region to
influence that second region’s differentiation or behavior is called induction
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e Because there are numerous inductions during embryonic development, this key
induction wherein the progeny of dorsal lip cells induce the dorsal axis and the
neural tube is traditionally called primary embryonic induction.

CSIR NET Developmental Biology Notes by Biotecnika

Organizer Concept

Spemann (1938) referred to the dorsal lip cells and their derivatives (notochord,
prechordal mesoderm) as the organizer because:

1. They induced the host’s ventral tissues to change their fates to form a neural tube and
dorsal mesodermal tissue (such as somites).

2. They organized host and donor tissues into a secondary embryo with clear anterior-

posterior and dorsal-ventral axes.

The Mechanisms of Axis formation in Amphibians

The experiments of Spemann and
Mangold showed that the dorsal lip
of

the blastopore, and the notochord
that forms from it, constituted an
“organizer”

that could instruct the formation of
new embryonic

axes.

THE ORIGIN OF THE
NIEUWKOOP CENTER

e The dorsal most vegetal cells
of the blastula, which are
capable of
inducing the organizer, have
been called the Nieuwkoop
center

e The Nieuwkoop center is
created by the cytoplasmic
rotation that
occurs during fertilization.

e When this rotation is
inhibited by UV light, the

————— Animal —

cap cells
Marginal
(equatorial) —»
cells

BN T
cells

[B) Animal and vegetal fragments
give mesoderm

\\ Animal cap (presumptive

ectoderm) is converted to

by factors released

from vegetal cells
C)

Organizer

Dorsal mesoderm-inducing
signals

Mesoderm-inducing
signals

Nieuwkoop
center

resulting embryo will not form dorsal-anterior
structures such as the head or neural tube
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e The polarity of this induction (whether the animal cells formed dorsal mesoderm or
ventral mesoderm) depended on the dorsal ventral polarity of the endodermal
(vegetal) fragment.

e While the ventral and lateral vegetal cells (those closer to the side of sperm entry)
induced ventral (mesenchyme, blood) and intermediate (muscle, kidney)
mesoderm, the dorsal most vegetal cells specified dorsal mesoderm components
(somites, notochord), including those having the properties of the organizer.

Functions of the Organizer

1. The ability to become dorsal mesoderm (prechordal plate, chordamesoderm, etc.)

2. The ability to dorsalize the surrounding mesoderm into lateral mesoderm (when it
would otherwise form ventral mesoderm)

3. The ability to dorsalize the ectoderm into neural ectoderm

. The ability to initiate the movements of gastrulation

5. The ability to cause the neural plate (the induced neural ectoderm) to become the
neural tube

N

BMP inhibitors

e The ectoderm is actually induced to become an epiderm.

e The agents of this induction are bone morphogenetic proteins (BMPs)1. the “default
fate” of the ectoderm is to become neural
2. Certain parts of the embryo induce the ectoderm to become epidermal tissue
3. The organizer tissues act by secreting molecules that block this induction, thereby
allowing the ectoderm “protected” by these factors to become neural.

e Ectodermal cells are induced to form neuroectoderm from a variety of

ectoderm binds ectoderm
BEMP4; hecomes cannot bind
epidermis (skin) BMP4; takes
default path to
become central
ervous system

Dorsal

Spemann
organizer

® -8MP4
+ = chordin, noggin, others
@ = inactive complexes

signals.
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e Ectoderm sends and receives signals of bone morphogenetic protein 4 (BMP4) and
cells that receive BMP4 signals develop into the epidermis.

e The inhibitory signals chordin, noggin, and follistatin are needed to form a neural
plate.

e These inhibitory signals are created and emitted by Spemann’s organizer.

e Cells that do not receive BMP4 signaling due to the effects of the inhibitory signals
will develop into the anterior neuroectoderm cells of the neural plate.

 Cells that receive fibroblast growth factor (FGF) in addition to the inhibitory signals
from posterior neural plate cells.

Noggin: Induces dorsal ectoderm to form neural tissue, and it dorsalized mesoderm cells
that would otherwise contribute to the ventral mesoderm.

« Noggin binds to BMP4 and BMP2 and inhibits their binding to receptors

« Chordin and Follistatin bind directly to BMP4 and BMP2 and prevent their complexing
with their receptors

 Nodal-related-3 (Xnr-3) is synthesized by the superficial cells of the organizer and is
also able to block BMP4

« In the mesoderm, BMP4 activates genes such as Xvent1, which give the mesoderm, a
ventral phenotype.

Formation of head

1. The most anterior regions of the head and brain are underlain not by the notochord, but
by pharyngeal endoderm and head (prechordal) mesoderm.

2. Cerebrus: Induces dorsal ectoderm to become an anterior-most region of the head like
the eye, olfactory lobes

3. Frz-b: Responsible for the development of the head region

4. Dickkopf: Responsible for forebrain

5. Neurogenin: Responsible for induction of dorsal ectoderm cells to form nerve cells

Concept Review Questions:
Q1. Dorsal lip of amphibians is equivalent to chicks

a. Hensen node
b. Primitive grove
c. Animal pole

d. Vegetal pole

Q2. Which protein secreted by the amphibian organizer induces neural tissue
formation by inhibiting Bone Morphogenetic Protein?

a. B-catenin. b. Noggin.

c. Dickkopf. d. Dishevelled.
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Q3.The blastopore region of amphibian embryo that secretes BMP inhibitors
and dorsalizes the surrounding tissue is known

a. Brachet’s cleft b. Nieuwkoop center
c. Spemann’s organizer d. Hensen’s node

Q4. The dorsal-most vegetal cells of the amphibian embryo that is capable of
inducing the organizer are called as Nieuwkoop center and is marked by the
presence of

a. Chordin
b. B-catenin
c. Goosecoid
d. Nanos

Q5. The grafting of the dorsal lip of the blastopore from an early Xenopus
gastrula onto the ectopic ventral side of an early embryo will result in two
complete embryos. Thus dorsal can be designated

a. Primary organizer

b. Cytoplasmic determinant
c. Morphogen

d. Primitive

Q6. The presence of 3-catenin in the nuclei of blastomeres in the dorsal
portion of the amphibian embryo is one of the determinants for laying down
the dorso-ventral axis. What will be the outcome of expressing a dominant-
negative form of GSK3 in the ventral cells of the early embryos?

a. The dorsal cells will be ventralized

b. A secondary axis will be formed

c. The primary organizer will not be formed
d. The embryo will develop normally

Answers:

Q1- a Hensen’s Node

Q2- b- Noggin

Q3- ¢ Speeman’s organizer

Q4- b- Beta-catenin

Q5- a- Primary organizer

Q6- b — A secondary axis will be formed

CALL TOLL FREE - 1800-1200-1818 for details

12/12



Josh CSIR NET + GATE Batch + Scholarships

@

Admissions Closing Soon
Josh Batch December 2022 Starting on 6th June

Get FREE Computational Biology Virtual Internship
opportunity,JCB Scholarships for Talented candidates,

FREE Koncept Notes, and Much more...

bictecnifa

JOSH
BATCH

CSIR NET Life Science &
GATE Coaching Clp=~-~

RAID Classes by CSIR NET Experts
Interactive Unlimited Online classes
Printed Hard copy Study Material
State of the Art Online study portal
24X7 Academic chat support

Class tests, Monthly practice exams

stores.Biotecnika.org

@ Toll Free- 1800-1200-1818 / 080-5099-7000

Set Long term goals to help you get past the short term obstacles

1/3


https://mail.google.com/mail/u/1/#inbox/FMfcgzGpGKZVPQjvrQzwlXsnGNxdCtlg
https://qj754bjz.r.us-east-1.awstrack.me/L0/https:%2F%2Fstores.biotecnika.org%2Fcollections%2Fcsir-net%2Fproducts%2Fall-in-one-8-months-coaching-for-csir-net-gate/1/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/IFg40REOhIJ22Mx6BDjWwmNnv_4=271
https://qj754bjz.r.us-east-1.awstrack.me/L0/https:%2F%2Fstores.biotecnika.org%2Fcollections%2Fcsir-net%2Fproducts%2Fall-in-one-8-months-coaching-for-csir-net-gate/2/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/Kwdjb0gXfNnWtOHc-Mok_ZetnEE=271

If being a successful researcher is your long-term goal, then do not let obstacles
like the pandemic or exams getting postponed hamper your dreams. In uncertain
times like these, do what best for your future. Take advantage of this time and get
started with your CSIR NET & GATE Journey.

Let us ease one tension for you. We bring you the JOSH Batch for CSIR NET
Preparation 2022 & June 2023, ensuring your preparation need not stop. With a
proven track record of 1000's students clearing CSIR NET and GATE with the help
of BioTecNika, It's clear that students who enrolled with us early had better
chances of clearing the CSIR NET & GATE Exams in the first attempt.

If your goal is to ace these competitive exams, our goal is to assist you while
you step closer to your goals.

BOOK YOUR SEAT TODAY & Get FREE Computational
Biology Virtual Internship

Josh Batch Starting on 6th June 2022

Book a Slot with a BioTecNika CSIR NET Admission Expert

Call 080-5099-7000 or 1800-1200-1818
Subjects Available:

CSIR NET Life Sciences
Features of CSIR NET Josh Batch

 Interactive Online Coaching from Biotecnika’'s well-qualified and
experienced teachers.

e Printed Study Material for CSIR NET (Life Science): 14 Books (13 books
as per syllabus + 1 book for Part A)

¢ Online Study Portal: Our state of art e-learning portal equips you with video
recordings of every lecture that you attend ( e-copy of books, presentations,
animations, and e-copy flashcards will be provided to get the concept
registered into your mind)

¢ Unlimited Classes: We do not limit your classes; attend as many classes

and as many batches as you can, no limits because our goal is your success.

o Practice tests: Weekly Class tests, Monthly Surprise tests, Al-Powered
AIMNET Test Series for Revision
e Double & Triple Success Guarantee programs to choose from
o Additional Study Tools for smart preparation, practice, and revisions
o Konceptika Lite e-Copy
Koncept Table e-Copy
Koncept Wheel e-Copy
Koncept Cloud e-Copy
Quick Net Revisor e-Copy
e 24*7 Chat Support for Doubt Solving

O O O ©O

Additionally, also Get...

o Free e-Copy of our latest Koncept Notes Series
o Computational Biology Virtual Internship- 14 days Online Internship On the
trending concepts.

2/3


https://qj754bjz.r.us-east-1.awstrack.me/L0/https:%2F%2Fstores.biotecnika.org%2Fcollections%2Fcsir-net%2Fproducts%2Fall-in-one-8-months-coaching-for-csir-net-gate/3/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/IdvQ8VBqDk_LmwEhOnIMDxKjvKo=271
https://qj754bjz.r.us-east-1.awstrack.me/L0/https:%2F%2Fstores.biotecnika.org%2Fproducts%2Fcomputational-biology-virtual-internship/1/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/Dad5UoJYtg7DwxL_K0A1vo5GKOI=271
http://qj754bjz.r.us-east-1.awstrack.me/L0/tel:080-5099-7000/1/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/ytCheGj32BPs734BbSlzuY3a46Q=271
http://qj754bjz.r.us-east-1.awstrack.me/L0/tel:1800-1200-1818/1/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/tBWSn95p9eEudXL1liyAYjYogto=271

Reach us on 1800-1200-1818 (Toll-Free) to know more
about Double & Triple Success Guarantee programs

Ignite the FIRE Within You! Join JOSH Session By Shekhar
Suman — EXCLUSIVE on 1st June 2022

At Biotecnika, every student is encouraged not just to crack these examinations

but also nurtured to develop research skills and attitudes to survive in the Industry.

We invite you to be a part of this culture where your goals become ours too. Your
Success is our achievement.

Chat with our experts, and we will help you find the perfect
exam preparation strategy for you.

Want to Talk to an Admission Counselor?

Feel Free to contact us at 1800-1200-1818 or 080-5099-7000

Your Success is Our Achievement
&
Your Research is our Responsibility

Thanks & Regards
Shekhar Suman

Managing Director | CEO
BioTecNika Info Labs Pvt Ltd | Rasayanika Biotechnologies India Pvt Ltd

Head Office: #1218, 11th A Cross, 24th Main Road, Sector-1, HSR Layout,
Bangalore, Karnataka

3/3


http://qj754bjz.r.us-east-1.awstrack.me/L0/tel:1800-1200-1818/2/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/_AZ_LiNuZJ_zgngc-5d4Wzl1bA0=271
http://qj754bjz.r.us-east-1.awstrack.me/L0/tel:1800-1200-1818/3/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/3yXVB-GOqZfJdprKojUrJZ3aW_Y=271
http://qj754bjz.r.us-east-1.awstrack.me/L0/tel:080-5099-7000/2/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/hAps0SB_ebI2aiFgwWHUiFtwIfo=271
https://qj754bjz.r.us-east-1.awstrack.me/L0/https:%2F%2Fwww.biotecnika.org%2F/1/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/pfzDbPDpFhYEWzOMg8w-jEipsBo=271
https://qj754bjz.r.us-east-1.awstrack.me/L0/https:%2F%2Fwww.rasayanika.com%2F/1/0100018117aa3cd6-40bde8cf-6f4c-49aa-8bca-5963b79710aa-000000/3t2W_tei0nAw0OV7ndX01oJCuug=271



