Embryology

EMBRYOLOGY

IN A

NUTSHELL 1

DEVELOPMENT OF FETUS
(40 WEEKS GESTATION)

® Embryonic period: 8 weeks
Formation of organs
Differentiation of tissues
Rapid body growth

e Fetal period: Rest of pregnancy
(Maturation of organs)



Embryo needs:

1.

2
3

To increase in size
To increase in complexity (specialisation of cells)
Longterm organisation with patterning (coding)

Mammalian Body Plan:

1 Bilateral symmetry

2 Bodyis double tube (a gut tube surrounded by
coelom and hole at either end)

3 Multilayer body wall

Layers:

1 Ectoderm: Skin, sense organs, CNS

2 Mesoderm: Skeleton, CVS, muscles, etc

3 Endoderm: Gut, respiratory system

MITOSIS

“The production of two daughter cells
genetically identical to the parent cell”

Each chromosome in the cell first replicates its DNA

This results in each chromosome consisting of 2 parallel
chromatids, joined at a centromere. These double-structured
chromosomes then line up on the equator and pull apart to
each pole.

This results in each new cell having half the doubled
chromosome material, i.e. the same as the original cell before
division (diploid)



CHROMOSOMES

Each cell contains 46 chromosomes

22 pairs of “autosomes”
(similar but not identical in each sex)

1 pair of “sex chromosomes”
(XX in female and XY in male)

Sex is determined by the presence
of the SRY gene on the Y chromosome

The complete set of 46 chromosomes are
referred to as the Karyotype of the person

MEIOSIS

“2 cell-divisions by germ cells to pro-
duce gametes (sperm & oocytes) with
haploid number of chromosomes (23)”

1. Each chromosome in the cell first replicates its DNA

2. Each chromosome is then represented by 2 (sister)
chromatids. The chromosomes then align in pairs

3. Points of contact (chiasma) allow cross-over
(interchange) of chromatid segments, some 30-40 in total
(1-2 per chromosome) to give genetic variability

4, A second meiotic division separates sister chromatids
to give gametes with 23 chromosomes each (haploid)



Day 1 FERTILISATION

Mature sperm Oocyte

_ Zyqgote
(male gamete) T (female gamete) = r3
46(incl XY) or
224Yor224X 22+X = 46(incl XX)
Meiosis Meiosis Mitosis
; : 46(incl XY) or
46(incl XY) 46(incl XX) 46(incl XX)
MALE FEMALE EMBRYO

WHAT IS A CHROMATID?

One half of a replicated chromosome that is bound to
its other sister chromatid by the centromere during
cell division; each of these parallel components is
destined to become one chromosome in the
daughter cell after they have been pulled apart by
the mitotic spindle.

Or simply

One half of a replicated chromosome only seen in
meiosis or mitosis



Cell content
of DNA

Diploid 2n

(normal)

Diploid 4n
(double)

Diploid 4n
(double)

Diploid 4n
(double)

Diploid 2n
(normal)

MITOSIS — 2 daughter cells

(showing a single pair of chromosomes)
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A pair of chromosomes in a cell nucleus.
Each is a strand (double helix) of DNA

Each strand replicates to give 2 chromatids
joined at a centromere

During metaphase the 4 chromatids line up
at the equator having contracted and
condensed

Centromeres divide and pull the chromatids
apart and they each become a chromosome
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MNuclear envelope reforms as two separate
daughter cells

Interchange of chromatid segments at
CROSS OVER to give genetic variation
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Points of interchange
temporarily united at
chiasma



eoll content MEIOSIS —» 4 Gametes
of DNA (showing a single pair of chromosomes)

A pair of chromosomes in a germ cell nucleus which is
2n diploid. Each is a strand (double helix) of DNA
Each strand replicates to give 2 chromatids
n

o joined at a centromere

The 4 chromatids line up having contracted and condensed

i At crossover there is interchange of chromatid segments.
n The points of interchange are temporarily united to give
" AN a chiasma (X-like structure)

n N? 1st meiotic division, the two lots of chromatids pull
g ¢ apart and the nuclear envelope reforms around two

¥ N
n ®® new cells which are diploid
In the 2nd meiotic division the chromatids

split at the centromeres and give 4 daughter

" @ @ cells that are different from each other but
are all haploid

MEIOTIC DIVISIONS

0 )
1" oocyte 1 spermatocyte

DNA replication (4n)
46 double-structured
chromosomes (tetraploid)
/ 1st division / \

2%0 cyte 2 r'?.s;:ua-rn'latn:mcy.rtne-

7= Now 2n DNA
%2 23 double-structured
chromosomes (diploid)
\Spermatlds

______ 2nd division
. Polar bodies 224X 22+Y
Matie Now 1n DNA
oocyte 23 single chromosomes (haploid)

Redrawn, with permission, from Sadler TW. Langman’s Medical
Ernbryalegy. 11th e Baltimane: Ligpingot Williares & Wilking 2000



FERTILISATION IN AMPULLA OF FALLOPIAN TUBE

Corona radiata cells Polar body
in division
2. Inner acrosomal
membrane dissolves.

/ Penetration of zona

1. Release of
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3. Fusion of oocyte membrane
and sperm cell membrane of
one sperm only

Sperm
p Redrawm, with permission, from Sadler TW. Langman's Mediical
Embryalagy. 11eh ed, Baltimane: Lipgsnesen Willisng B Wakind: 2010

CLEAVAGE GIVING EMBRYONIC CELLS (BLASTOMERES )
WITH INCREASING NUMBER OF SMALLER CELLS
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Male and female Restoration of First mitosis
pronuclei diploid number of zygote

2 cell stage (30h) 4 cell stage (40h) Morula: 16 cells (3 days)

Redrzamn, with permission. from Sadler TW, Langman's Medical
Embeyology. 11th ed, Baltimoee: Lippincoty Wiliams & Willing: 2010



BLASTOCYST FORMATION

. Zona pellucida

Morula (finally 128 cells) enters The inner cell mass is pushed
uterus at 4 days and, as the to one end to give the embryoblast
zona pellucida disappears, fluid and the outer cells become the
enters the intercellular spaces trophoblast. They surround the
and becomes a single cavity - blastocele cavity. Loss of the zona
blastocele. The embryo is now a pellucida allows implantation
blastocyst

Redrawn, wit h permission, froen Sadier TW. Langman's Medical

Emiarpalogy. 11 th ed. Baltirane: Lippincott Willisms B Wilking; 2010

EARLY (6th DAY) IMPLANTATION OF BLASTOCYST

i & O
e
Uterine | e
epithelium :
Embryoblast Trophoblast cells produce
(inner cell proteolytic enzymes that
mass) Blastocyst allow early invasion into
cavity ) uterine wall. There is
Trophoblast | (blastocele) 4 promotion of this action
(outer cell : by the uterine wall, making
mass)

it a mutual activity.

More firmly attached by the 7th day

Roechrasm, with peermigsion, Trom Sadler TW, Langrmar’s Medical
Emibryalogy. 11th ed. Baktimore: Lippincott Wil liams & Wil re; 2010



FURTHER (8th DAY) IMPLANTATION OF BLASTOCYST

Syncytiotrophoblast
(no mitotic activity).
Produces proteolytic
enzymes to promote
invasion of uterine wall
& hCG to maternal
circulation (pregnancy
test)

Endometrial

stroma
Uterine blood
. - vessels
An amniotic cavity

forms within the ‘ ¥
epiblast: lined by o
amnioblasts derived s

from the epiblast Epiblast

against the (These 2 make
cytotrophoblast the bilaminar
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Uterine = . A3 disc)
epithelium Blastocyst Cytotrophoblast
cavity (mitotic activity)
Reedravun, with permizaon, from Sadler TW, Langrman's Medical Embryalogy, § ith ed. Bahimare: Lippincott Willisms & Walkina: 2010
LACUNAR STAGE (9th DAY)

IMPLANTATION OF BLASTOCYST
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Foed rasm, wiiths peermitssion, fram Sadler TW Langman's Medical Embrpology. 11th ed. Balimore: Lippincott Williarms & Willins: 20010



12th DAY IMPLANTATION OF BLASTOCYST

Syncytiotrophoblast cells erode maternal capillaries
(sinusoids) to give early placental circulation

Amnionic > il Q ; :
cavity lined by ‘:ﬁ &l ) (P57 i Eﬁ;t;zsbtiast
amnioblasts NG :

- (together
' making the
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9 germ disc)

Cytotrophoblast .. d
starting to form
villi
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xocoelomic membrane
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Early extra-embryonic coelom
splitting mesoderm that arose as inner lining to the
from yolk sac (hypoblast) cells extra-embryonic mesoderm

Fuedraven, with permiision, from Sadler TW, Langman's Medical Embryalogy, | 1th ed, Balirene: Lipgincon Willisng £ Wiaking 20010

12/13th DAY IMPLANTATION OF BLASTOCYST

Erosion and fusion of maternal capillaries
(sinusoids) to give early placental circulation

Syncytiotrophoblast

Amniotic
cavity lined by stalk (becomes
amnioblasts umbilicus)
/ L \l'
Cytotrophoblast S0 “ Primitive yolk
Eifa.rting to fﬂrm\if( fo ‘ sac changes to
villi k_ﬂ';‘ = = & QI definitive yolk
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Extra- Embryunlc coelom splrttmg mes.\m Plug closing off

Feedravn, with permission, from Sadler TW. Langman’s Medical Embryology. 11th ed. Baltimore: Lippincott Williams & Wilkins; 2010



13th DAY IMPLANTATION OF BLASTOCYST

Trophoblastic lacuna Maternal sinusoid
Bilaminar
e Connecting stalk
Prechordal (umbilical cord)
plate
Definitive Amniotic cavity

yolk sac lined

Extra-embryonic
by endoderm

somatopleuric
Extra-embryonic mesoderm
coelom (chorionic

cavity) ™ Extra-embryonic
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placenta atbirth | acunae now extend all around the blastocyst and
the uteroplacental circulation has commenced

Reraam, with permissian, Tram Sadler TW Largmaen's Medical Embryelogy. 111h ed, Baltimaes; Lippincenn Williams & Wilking; 2010
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