


follicular cells
cytoplasm

- acrosome |

Daudzsunu organisma
veidoSanas no zigotas

zona
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nucleus

* Genoms relativi nemainigs
visas sunas

e SGnu specifiska genoma
ekspresija nodrosina
attistibu




Embrija attistibas pamata ir Cetri pamatprincipi:

1. Sunu proliferacija (dali$anas/vairo%anas)

2. Sinu specifikacija

3. Sdnu mijiedarbiba

4. Sinu migracijas kapacitate

Ave 131D TTET R
®

CELL PROLIFERATION CELL SPECIALIZATION CELL INTERACTION CELL MOVEMENT



Sanu “liktena” noteik$ana
Diferenciacija ir specializétu sunu tipu veidosanas

Attistibas procesa konkrétam sunam jau ir noteikts (cell
commitment) vieds kada Stnas attistisies

Cell commitment izskir divas stadijas:

» Specifikacija, kad Stinas ir spéjigas patstavigi diferencéties
neitrala vide, tomeér sunu attistibas veidu vel iespéjams mainit

» Determinacija, kad Sunas ir
spejigas patstavigi diferencéties

un sSo diferenciaciju “nav

iespéjams mainit” ‘j.) "

NORMAL FATE NOT DETERMINED DETERMINED



Attistibas petijumi

Raksturojosa (descriptive) embriologija - apraksta anatomiskas
izmainas, kas norisinas zigotas attistibas procesa par daudzsunu
organismu

Eksperimentala embriologija — péta Stinu un audu mijiedarbibas
procesus daudzstunu organisma attistibas procesa

Attistibas (developmental) genétika — péta génu darbibu attistibas
procesa



LIFE CYCLE OF AFROG

tadpole W
- Al X /
N
stan of

pulmonary

ogus
aathing
| embryo t lags 4
Q tadpale break |'w7 /
<

Dzives cikls un embriogenezes
pamatposmi



Dzives cikls

Embriogenéze — attistibas posmi no apauglosanas briza lidz
dzimsanai (izskilSanas bridim)

Blastula

Sperm Location of \
(male gamete) Germ plasm germ cells Blastocoel "
o
() Oocyre ;i*}‘;gé CLEAVAGE
< (female gamete) 2
GAMETOGENESIS

GASTRULATION
Sexually - :
mature MATURITY
e, adult Metamorphosis
T (in some species)

ORGANOGENESIS

LARVAL
Gona STAGES
éﬁ{’?fim S o Hatching
S 7 Immature larval (birth)

\stagcs
14
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| Apauglosanas

Gametas - dzimumsunas (spermas suna un olsuna)

Divu haploidu gametu saplusana nosaka jauna organisma diploido
genomu

Maternal Paternal
homologue homologue

Haploid sperm

Diploid zygote

Haploid egg




Il Sinu dali$anas (Cleavage)

Péc apaglosanas notiek strauja mitotiska sunu dalisanas, kuras
laika zigota tiek sadalita daudzas mazakas Stnas — blastoméros

Dalisanas beigas blastomeéri izveido sferisku strukturu - blastulu

g - Blastocoel
// N
{J,
|I
.\
Zygote Eight-cell stage Blastula Cross section
of blastula
Blastocoel
Endoderm
) / — Ectoderm
A @ B® 44 oY/
Astrula Gastrulation

Blastopore



Sdnu dalisanas

Blastomeérs — embrija Suna, kas ir veidojusies
dalisanas procesa

Blastula — blastoméru kopa embrijonalaja
stadija

Blastocoel

Blastocista — ziditaju balstula

Blastocéels — dobums blastula

Cross section
of blastula

Blastopora — invaginacija sakoties gastrulacijas
procesam

Gastrulation



Embrionalas sunu dalisanas veidi

Agrinajas embrija attistibas stadijas sunu daliSanos nosaka:

1. “Dzeltenuma” proteinu/ooplazmas izplatiba olStinas citoplazma
2. Faktori olsStnas citoplazma, kas nosaka mitotiskas varpstas lenki
un izveidosanas laiku

» “Dzeltenuma” proteinu daudzums (vegetala Animal
hemisféra) nosaka Sunas daliSanas norisi un /_
blastoméru izméru '

Vegetal

» Animalaja hemisféra lokalizéjas Stnas kodols

> “ Dzeltenuma” proteini blokeé stinu dalisanos,
tadel sunu dalisanas notiek zigotas animalaja
hemisféera




Atkariba no “ dzeltenuma “ proteinu izvietojuma izskir dazadus
sunu dalisanos veidus

Holoblastiska Sunu daliSanas — no grieku v. holos “pilnigs”

Isolecithal

(Sparce, evenly distributed yolk) / / 7/ \ \ (}/ \
\
'—V —* i

|. Radial cleavage

Echinoderms, amphioxus \ / \ S\ \& /Ij \g\/)

2. Spiral cleavage
Annelids, molluscs,
flatworms

). Bilateral cleavage
Tunicates

|. Rotational cleavage
Mammals, nematodes

Mesolecithal
(Moderate vegetal yolk disposition)

Displaced radial cleavage
Amphibians




Meroblastiska sunu dalisanas — no grieku v. holos “dalejs”

Telolecithal
(Dense yolk throughout most of cell)

|. Bilateral cleavage
Cephalopod molluscs

2. Discoidal cleavage
Fish, reptiles, birds

Centrolecithal
(Yolk in center of egg)

Superficial cleavage
Most insects




Fate map

Diagrammas, kas apzimeé
kadas pieaugusa 1patna
strukturas attistibas procesa
veidosies no noteikta
embrija regiona sunam

Gastrulacijas posma fate
map uzrada augstu
ltldzibu mugurkaulnieku
starpa

Zebrafish
A

-
‘-'---\q---d\‘-L

Yolk

/ ™~ Endoderm —

9 - o - Mesoderm N R
~~Endoderm —
= Extracmbryonic =

Epidermal
- € toderm —

Neural —____ 4
ectoderm -

~Mesoderm 9

;} ~-Notochord —% -

Eptdermal
A
_- ectoderm __

~ Neural
ectoderm

A~ Notochord - o

mesoderm



lll Gastrulacija (Gastrulation)

Blastoméru migracijas procesi, kuru rezultata izveidojas tris
pamatstrukturas slani (germ layers) — endoderma, ektoderma un
mezoderma

migrating
mesoderm
cells

endoderm beginning
to invaginate

future
mouth

ventral

side
gut tube

future
skeleton

(F)

(G)

future anus



Universalais anatomiskas attistibas
modelis

ectodermm  endoderm

(A) [ (H)
100 um

Ektoderma — epidermas un nervu sistémas prekursors
Endoderma — zarnu trakta, aknu, plausu prekursors

Mezoderma — muskulu, saistaudu prekursors



Pamatslani attistas par visiem audu tipiem

&R

Gastrula
( | ) J
 Ectoderm (outer layer) Mesoderm (middle layer) Endoderm (internal layer) Germ cells
( Central [ 1 Respir-
Outer  nervous  Neural Digestive atory
surface  system crest ~ Dorsal  Paraxial Intermediate Lateral ~ Head tube  Pharynx  tube Male  Female

o

il
Epidermal Neuron Pigment Noto- Bone  Tubule Red Facial ~ Stomach Thyroid Lung Sperm Egg
cells of skin  of cell chord tissue cellof the blood  muscle cell cell cell
brain  (melan- kidney cells (alveolar

ocyte) cell)



IV Organogeneze

Endodermas, ektodermas un mezodermas sunas mijiedarbojas,
parkartojas un migreé izveidojot audus un organus

Neural crest Placode




Kermena asu specifikacija

» Antoriora-posteriora ass
» Dorsala-ventrala ass

» Laba-kreisa ass

(A) Dorsal

rior o
Ante ‘ T I‘ath‘ Il
Jan® l Tap
tal P Sve
Midsaglt (crOSs Serse plane
Ventral Ctioy)
(B) ; T Dorsal

=

Lateral

Horizontal
plane

i ¢ Ventral
Midsagit'tal plane



Filotipiskais embrija attistibas stavoklis - faringula

Mugurkaulnieku embrionalas
attistibas posms, kura vérojamas
kopigas iezimes dazadu sugu
embrijiem:

» Notohords

» Nervu caurulite

» Aste

> Zaunu rikles spraugas (pharingial
arches)

Saja attistibas posma vérojama augsta lidziba génu ekspresijas
profilos starp dazadam sugam



V Metamorfoze

Daudzas sugas izskilies 1patnis vél nav spéjigs radit pécnacéjus un,
lai sasniegtu seksualo briedumu, Siem organismiem ir jaiziet cauri
kapuru/kdninu stadijam

L] L] L] L] L]
Abiniekiem Kukainiem
Environmental cues - &
e.g.nutrition, temperature, light \,:> hypothalamus <G 4 Environmental cues brain
e.g.nutrition,
. : temperature,
pituitary < > light N PTTH
thyroid corpus Cfm— prothoracic gland
allatum I-I
v
Prolactin T Positive feedback Juvenile hormone Ecdysone
(delays metamorphosis) (promote metamorphosi) (prevents metamorphosis) (promotes m)::tamorphosis)

| metamorphosis

Embryo Tadpole Adult Embryo Larva Pupa Adult



VI Gametogeneze

* Specifiska sunu grupa tiek nolemta attistibai par gametam jau
embriogenézes laika

* Tomeér galiga gametogenéze noris tikai, kad organisms ir fiziski

nobriedis
Gametogenesis in animals
Spermatogonium 2N Oogonium

Growth

$ <
Primary Primary
spermatocyte 2N oocyte
Meiosis I
o ¥ Fist
Secondary Secundary polar body
spermatocyte 1N oocyte . @

4

@@ @@Spermatsds Ootid Se% d ;@;arbw%
QQ Q.- owm@

polar body



Stinu komunikacija attistibas laika



Years since a
common ancestor

Daudzsunu organismu evolucija (millions)

L— 6

* 50% no H.sapiens géniem homologi, jau bija Q
sastopami kopéja tarpu, kukainu un cilveku :
priek$tect pirms 600 miljoniem gadu - ’

e Salidzinot ar raugiem daudzsunu organismos
daudz lielaka skaita ir sastopami proteini, kas

nodrosina génu regulaciju un Sanu 600 Q
mijiedarbibu




& % Géni lidzigi, audi lidzigi, tad kapéc
~ tada fenotipiska daudzveidiba?




Regulatoro DNS rajonu ietekme uz diferenciaciju

embryonic stage 1 embryonic stage 1
gene 1 gene 2 gene 3 @ genel gene 2 gene 3
:I;!ZI | :/I | N _Iini | N TN 0
/ | regulatory modules ¥
gene
regulatory TIME TIME
protein
embryonic stage 2 embryonic stage 2
@ gene 1 gene 2 gene 3 ® gene 1 gene 2 gene 3
_Hnnn | NN ITT NN _Iini I I00 ITT 1
v ¥ \ \
L W |
LX
CELL IN ORGANISM A CELL IN RELATED ORGANISM B

* Regulatoro rajonu izvietojums nosaka turpmako génu ekspresijas
aktivaciju

* VVienu un to pasu génu ekspresiju dazados organismos var regulét
atskirigi regulatorie rajoni



Afrikas varde Xenopus laevis

(A)

|
graft small group of
cells into host embryo

split almost in two
by hair loop

l 2-cell embryo




Regionala/pozicionala vertiba

block of mesodermal

tissue that would Transplants no kaju (lielu) veidojosas
have formed thigh _ . e

e structures pozicijas embrija

’ g

Tiek ievietots gala sparnu veidojosajai

| T presumptive thigh - e
Eﬂr&g tissue grafted into POZiCljal
the tip of the wing bud

upper wing  tpes with terminal claws

and forearm f
N X %\L‘ 4  Rezultata sparna gala veidojas kaju
e \ L PG pirkst
win J Y
s} f— 5 ’ 4

— a



Transkripcijas faktori nosaka pozicionalo vértibu

Thbx5 Tbx4 Pitx1
ingbud  leg bud L
wing bu eg bu fom

* Thx5 ekspreséjosas sunas veidos sparnus
* Tbx4 un Pitx1 ekspresejosas sunas veidos kajas

Ja maksligi panak Pitx1 ekspresiju sparnu pumpurveida struktara
attistisies ekstremitate ar kajai raksturigu fenotipu



* Lai panaktu Sunu specifikas attistibas atskiribas, tas tiek paklautas
atskirigiem vides faktoriem

e Svarigakie embrija Sunu uztvertie vides signali nak no
blakusesosajam sunam

e Sign\a' Ja blakuseso$o $unu raiditie
4444 ignali noved noteiktu
l S l signali noved noteiktu sunu
.. - LX) . -— -
i populaciju pa citu attistibas
1 celu, izraisot specifiskas dotajos
eeevuweee - . .
88 ®@d® apstak|os neatgriezeniskas
CeEeOULeeY ‘Lios : .
P T e Y atskiribas to sauc par induktivo
;'_J

cells directed to new sign§|u
developmental pathway



Asimetriska sunu daliSanas ari var izraisit sunu specifisku determinaciju

®®-

1. asymmetric division: sister cells born different

2. symmetric division: sister cells become different as result of
influences acting on them after their birth



Pozitiva atgriezeniska saite nodrosina asimetrijas attistibu viendabiga

sSUnu sistema
T

Transient bias creates
slight asymmetry

G o e

POSITIVE FEEDBACK: l

)

asymmetry is self-amplifying

. “®

BISTABILITY:
all-or-none alternative outcomes represent a stable memory

—(

(



Signalceli, kas ir iesaistiti attistibas motivu
veidosana

Signalproteini — neliels skaits starp dazadam sugam konservativu
molekulu, kas tiek izmantotas atkal un atkal dazados kontekstos

Piecas galvenas grupas

SIGNALING PATHWAY LIGAND FAMIILY RECEPTOR FAMILY EXTRACELLULAR INHIBITORS/MODULATORS
Receptor tyrosine kinase (RTK) EGF EGF receptors Argos
FGF (Branchless) FGF receptors (Breathless)
Ephrins Eph receptors
TGFB superfamily TGFp TGFp receptors chordin (Sog), noggin
BMP (Dpp) BMP receptors
Nodal
Wnt Wnt (Wingless) Frizzled Dickkopf, Cerberus
Hedgehog Hedgehog Patched, Smoothened

Notch Delta Notch Fringe



Notch signalcels un laterala inhibicija

clell clell h
specialization speaa ization _ v e - . -
° e \JP » Abam sSGnam piemit
/O\/ tendence uz specializaciju,
ke .- v - o] = v —
No«h---»-l Ao m,ve/ U .ave taja pasa laika abas Stnas
Delta— —Notch Notch #  Notch - o1 . . -
1 I ™ —— L%‘ \ ekspresé inhibitoro signalu
@: competition— V e e v = .
/\o/¢ o o v \Q/;i) blakusesosajai sunai
cell cell
specialization specialization
_ea_ch. c_ell ter_xds to cell w_ith_a;tiv_e Del_ta specializes
i inhibit its neighbor and mh:;u;t&;sﬁ:::sﬂ?m from > Ja Vle na §CI na Sé k

specializéties ta suta
specigaku inhibitoro
signalu blakusesosajam
sunam un tas
nespecializéjas Saja pasa
veida




Whnt signalcels un planara sunu polaritate

Whnt, or other ligand

» Planara sitinu polaritate ir
rezultats procesam kura, kadas
noteiktas molekulas (deterimanti)

i tiek nogadatas noteikta sunas
B 0%, 1oz, 01 Soeted regiona un dallsana.s procesa Sis
IS Zppin 7 protein molekulas sanem viena no

\" meitSunam

GSK3B, Axin, APC Rho
~. » Wnt aktivétais “frizzled”

JNK

L }

p-catenin actin aytoskeleton 5.9 receptors nodroSina izmainas
ek , / aktina citoskeleta strukturas, kas
GENE PLANAR noved pie determinanta

TRANSCRIPTION CELL POLARITY . -
™ polaritates




Transformejosais augsanas faktors B (TGF B)

TGFB ir iesaistits proliferacijas, diferenciacijas, apoptozes
un daudzos citos procesos

TGFB

N
\{
type-ll J CYTOSOL ¢ TGFB receptorl
TGFB P Q-\ Smad? or . _
eeeeee q e darbojas, ka Ser/Thr

P
wp&l - PHOSPHORYLATED
TGFB I ' TYPE-| RECEPTOR

°°°°°°°°°°° i enzimsaistitie receptori

TGFP BINDING CAUSES TYPE-I SMAD2 OR SMAD3
RECEPTOR TO PHOSPHORYLATE
TYPE-l RECEPTOR
.‘ Smad4
‘h-_-d'"-/

PHOSPHORYLATED ° S d I . - .
SMAD2 OR SMAD3 I I | I I |
DISSOCIATES FROM a O I go e r I

THE RECEPTOR AND

OLIGOMERIZES WITH
THE SMAD2/3-SMAD4 OLIGOMER

Ve -—
o T nodrodina génu
RECRUITS OTHER GENE REGULATORY k - -
PROTEINS, AND ACTIVATES P@‘ eKkspresiiu
: v

TRANSCRIPTION OF SPECIFIC
1 TARGET GEMNES

p } ,\mher gene regulatory proteins
N

—_

DNA

TGFB resi)onse \
element in TARGET GENE TRANSCRIPTION
target gene



Hedgehog signalcels

(B) WITH HEDGEHOG SIGNAL

~Hedgehog

r P P -\:
INTERNALIZATION ] SMOOTHENED PHOSPHORYLATED
OF PATCHES PHOSPHORYLATED SMOOTHENED
AND DEGRADATION BY PKA AND CK1 RECRUITS
IN LYSOSOMES AND RECRUITED . PROTEIN COMPLEX
(BY VESICLE FUSION) TO AND INHIBITS
PLASMA MEMBRANE Ci PROTEOLYSIS
INTACT Ci
l RELEASED
FROM COMPLEX

INTACT Ci PROTEIN
TRANSLOCATES
TO THE
NUCLEUS AND
ACTIVATES
TRANSCRIPTION

_ Y coactivator

v

TRANSCRIPTION OF
HEDGEHOG TARGET GENES

lesaistiti tris transmembranas
proteini: Patched,
Smoothened, un iHog

Aktivacijas gadijuma:
v'Patched tiek internalizéts un
degradéts

v'Smoothened tiek nogadats
uz sunas virsmu un noved pie
Hedgehog atkarigo génu
transkripcijas




Morfogeni — difundé no ekspresijas vietas un nodrosina
gradientu efektus uz attaliem sunu populaciju rajoniem

source of
inducer

v

gradient of inducer extending
across field of cells

(A)

* Augsta morfogéna
koncentracija noved sStinas pa
vienu attistibas celu, vidéja —
pa otru, un zema pa treso

inducer uniformly distributed

inhibitor distributed

in gradient source of

inhibitor

resulting gradient of inducer activity
(B)

* Inhibitori ari var veidot gradientus



Sonic hedgehog morfogéna darbiba

ANTERIOR

\ )
] develops into

-
- polarizing region
of wing bud
POSTERIOR
(B)
ANTERIOR
| |
> develops into
-
% POSTERIOR

polarizing region cut from donor wing bud
grafted to anterior region of host wing bud




Seciga sunu indukcija

A
A
8 0,
D and E are
induced by signal
Cis induced from C acting o
by signal from on A and B,
B acting on A respectively
- - E
B B

Induktivo signalu mijiedarbiba var novest pie daudzu
dazadu sunu veidu attistibas



Modelorganismi attistibas biologija




Nematodes



Nematodes

Pieaugusu ipatni veido 1000 somatiskas un 1000-2000
dzimumsunas

= 1.2 mm -]

muscle

’ | body wall
uterus vulva epidermis

VENTRAL

Divi dzimumi — hermafroditais un viriskais



time after fertilization (hours)

10

-]

- nervous system musculature

epidermis nervous system
- musculature

hatching | |} | | ||

als

ANTERIOR

ﬁ

/

=

nervous system :

. 1
musculature

h

AR A

POSTERIOR

e —

Pilnigs dzives cikls ilgst 3 dienas



- \V ==

Asimetriska sunu dalisanas

* P-granulas satur Par proteinus (patitioning defective)

* Par proteiniem homologi sastopami insektos un mugurkaulniekos

* Posteriora gala meitsinas manto P-granulas



fertilized egg

Nematodes “fate map” O
ANTERIOR POSTERIOR
. . V- 4 - . AB. P‘l
Pirmie $unu dali$anas soli un ff::;m\m/
-|=].= V- « = e . pharynx
talaka sSinu determinacija ir other)

prognozejama

(muscles
skin
MS neurons)
(muscles . 4
and other ut
body parts) ‘ (gu)

(muscles)

(germline)



Stina-$Gnu mijiedarbibas nosaka talako $unu
attistibu

una ar Delta ligandu signalizé
unas Notch receptoriem

Notch
“ Delta
W t o Ve . - .
L P * Ab, neatbild uz Siem signaliem, jo

Frizzled

Aba starp Sim stnam nav kontakta

*P,S
Ab, s

1 * P, Suna ar Wnt ligandu signalizé
EMS Sunas “sprogainajiem”
receptoriem

* EMS Suna tiek polarizéta un rada
Aba divas atskirigi determinétas

future future

MScell E cell meitsunas



Gastrulacija nematodes

 E SUnas pécteci migré
blastulas iekSiene un izveido
zarnu cauruliti

* P4 SGnu péctedi (gametu () (D)
prekursori) migre ventrali

* MS, D un C péecteci novietojas
abas pusés zarnu caurlitei

* AB peécteci virzas uz iekSpusi

 C péctedi ieskauj embriju, Saja procesa saplustot veidojas scintiala
citoplazma (186 sSunas saplust 8 Stinas)



Drozofilas



Drozofilas morfogeneze

Late embryo—segmented

e e —

Day 1

Hatching 1, qe jarval stages,
separated by molts

e s—D
%;wlg’ Larva

Early embryo—
no segments

Embryonic ©
development

Day 0 Zygote €~ T1 T2 T3A1A2A3AA5A6A,
Day5
Fertilizationr Head [Thorax| ~ Abdomen ) Pupation
Oocyte «




Metamerisms — segmenti, kas attistibas gaita veido
specializétus kermena rajonus

head
parts thorax abdomen

[

2 hours

5-8 hours

10 hours

0.5 mm



- ——Oocyte
Nurse cells ", yt

Follicle cells —=

Anterior

et \ ">
Nurse~{'
cells ™=

Egg chamber

Posterior
Qocyte

Follicle cells

4
——- Oocyte

Mature
oocyte

fertilization

Zygote

nuclear
divisions

Syncytium

nuclear
migration

Syncytial
blastoderm

Pole cells
membrane
invagination

Cellular
blastoderm

Agrina drozofilas embrija attistiba

* Barotajsunas un folikulsunas veidotais
MRNS un proteini tiek deponéti oocita

» Sakotnéji notiek aktiva zigotas kodola
dalisanas (Sie kodoli nav norobezoti ar sunas
membranam)

* Ap 8-11 dalisanas ciklu kodoli tuvinas stinas
aréjam slanim, kur péc vél vairakam
dalisanas reizém membrana sak veidot
invaginacijas ap siem kodoliem

* |zveidojas sunu blastoderma, stnas aizsak
mitotisko dalisSanos



Geénu ekspresija,
kas nosaka
drozofilas attistibu

1. Citoplazmas
polaritates géni
2. Gap geni

3. Pair-rule géni

4. Segmentu
polaritates géni

5. Homeotiskie géni

egg-polarity genes

- _w.,,'” .
ANTERIOR * POSTERIOR
gap genes
Krappel
and
Hunchback
Eve
and
Ftz
segment-polarity genes
| B 4 '
)
Engrailed

S -
</;.|"\‘

Y Y

homeotic selector genes




Translation of mRNA and diffusion of products
creates concentration gradients in the embryo.

Anterior Posterior

.| Nanos localized
near posterior

Bicoid localized
near anterior

* Biocoid un Nanos
morfogéni noved pie
dazadu funkcionalo
genu grupu
ekspresijas

Bicoid represses
Caudal at anterior.

Nanos and Pumilio

repress Hunchback ° §0 morfogénu
at posterior. ..

ekspresiju nosaka
pirms apauglosanas
sarazoto mRNS
translacija

Bicoid activates
Hunchback at
anterior.

Pumilio is evenly distributed
but requires Nanos to repress
Hunchback; functions only
at posterior.



Segmentacijas genu ekspresija

» Gap-géni — nodrosSina embrija Sunu attistibu par vairakiem
atskirigiem regioniem

» Pair-rule géni un segmentu polaritates géni nodrosina 14 joslu
izveidi, kas talak veido 14 embrija segmentus

(a) Side view

ftz (fushi tarazu) ir pair-rule
géns, kura produkts aktive
homeotisko génu ekspresiju (b) Cross-sectional

dorsalview e L LR 4
o : g | »

100 um

ftz gene bands



Homeotisko genu ekspresija

Homeotiskie (Hox) génu produkti
nosaka, kadi organi un to piedeékli
attistisies no katra segmenta

Hox atvasinats no “homebox”

Drosophila

lab pb Dfd Ser Antp Ubx adb-A adb-B
HOM-C = = I/ Hs—




anterior

Llab Pb I.(Zen

Drosophila
Hox complex

Bed,

3

) Dfd  Scr (Ftz) Antp Ubx AbdA

Hox1 Hox2 Hox3 Hoxd4 Hox5

ancestral

Hox complex

mammalian
Hox complex AT

Hod {1+ +-—

posterior

HoxC

D1 D3 D4
Hoxp — ———1

anterior

hindbrain —_ _——=——

AbdB
i
L
L |
Hoxb (central) Hox7 (posterior)
. 1
L
[
A6 A7 A9 A10 Al Al3

ag G Cao a1 Q2

Al3

Dg D9 D10 D11 D12z D13

spinal cord

mesoderm

L

posterior

[+

* Hox géni ir konservativi
(augsta homologija starp
sugam)

e Cilvekam salidzinot ar
drozofilu cetri Hox génu
klasteri



Internal ~ Amnioserosa Pole cells
ectoderm  (covering of embryo)  (germ cell
v precursors)

Drozofilas gastrulacija ®

Endoderm

Gastrulacija sakas 1si péc zigotas genu
transkripcijas uzsaksanas

Neuroectoderm ¢ Mesoderm

» Ventrala mezoderma invaginéjas embrija,
veidojot cauruliti

» Endoderma veido divus iedobumus
attiecigi — posterioraja un anterioraja gala

» Nervu sistéma veidojas no ventralas
ektodermas

™

\ Nervous
Epidermis system



Gastrulacija

3) :
Anterior
midgut -
mvagination

Cephalic
furrow —

Ventral  Venrral
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midgut

mvagination
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Organogeneze

Drozofilam organi attistas  _ —_ -~ _ oM e |
no noteiktiem rajoniem - - . AL MR

kUninas stadija —
imaginalajiem diskiem f’m

Imaginalos diskus veidojosas sunas jau ir determinétas
attistities par noteiktam strukttiram



Insekta sparna diski ir sadaliti
nodalijumos (compartment)

Engrailed un Apterous ekspresija
sadala sparnu divas funkcionalas dalas

— anterioraja un posterioraja

clone anterior compartment

compartment
boundary

posterior compartment

clone inwing wing showing anterior

{A) and posterior compartments

anterior

dorsal <~7 ventral

posterior

expregsinn of
Engrailed

/
expression of
Apterous }

dorso-ventral
boundary

antero-posterior

boundary I
quadrants in

future wing blade



anterior compartment

\ o

S N
| f IIV

posterior

compertment
Engrailed expression defines Hedgehog in posterior anterior cells at compartment
posterior compartment compartment sends a short- boundary express Dpp that

range signal to cells in the signals at long range

anterior compartment

Wingless

(A)

(B)

Sparna dalu robezas nosaka specifiski robezmorfogéeni (Dpp,
Wingless), kuru ekspresiju aktive Engrailed, Apterous,
Hedgehog



Lidzigi imaginalo disku, morfogénu gradientu un
nodalijumu principi darbojas ari mugurkaulniekos

Cala sparna pumpurstruktura 4. attistibas diena

ANTERIOR \,\\
PROXIMAL WVENTRAL | — En1 (Engrailed homolog)
apical ectodermal ridge
— expresses Notch and
DORSAL DISTAL secretes FGF4 and FGF8
POSTERIOR

— Whnt/a (Wingless homolog)

500 um

Lmx1 (Apterous homolog)

| Bmp2 (Dpp homolog)

posterior mesenchyme
secretes Sonic hedgehog



Abinieki



Animal

!

Periferas citoplazmas rotacija

* Apauglosana var notikt jebkur animalas hemisféras
dala

Vegetal

e Spermas sunas citoskelets integéjas olsunas citoskeleta
un nodorsina periféras citoplazmas rotaciju

* Rotacija palidz

Sperm  Polar Maternal Polar bodies First
specifiskiem regulatorajiem body 1 chromosomes 1and 2 cleavage
' r spindle

faktoriem lokalizéeties preti
spermas sunas iekluves
vietai

* Preti spermas S. iekluves
vietai saksies gastrulacija
un attistisies dorsalas

St ru kt n ra s Determinant Deternllu'na nt




Sunu dali$anas
* Raksturiga neviendabiga radiala holoblastiska
sunu dalisanas

* 16 hdz 64 stnu stadija embrijs tiek saukts par
morulu (latinu v. “mullnerry”)

» 128 suinu stadija ir izSkirams blastocéls un tad
embriju sauc par blastulu

(Al (B) (C) (D}
I 1

(G)




Blastulas fate map

Animala hemisfera - ektoderma
Vegetalas sunas — endoderma

Siinas, kas novietotas zem blastocéla —
mezoderma

Blastocels:

v Maina formu, laujot $Gnam koordinéti
migrét blastula gastrulacijas laika

v Nodosina buferzonu, lai animalas un
vegetalas Sunas paragri nesaskartos un
nenotiktu nevélamas mijiedarbibas

_ blastocoel

/dorsal lip
of blastopore

ectoderm
— (epidermis)

ectoderm
— (neural plate)

notochord
—— blastopore lip

somites

e T yok
lateral plate endoderm Yy

A
—— brain
|
—J— spinal cord

A _.f;
\ ——— blastopore



Gastrulacija

-y

* Invaginacija sakas no blastoporas, marginalaja zona ekvatorialaja
slani starp animalo un vegetalo dalu

» Stinas dramatiski maina formu, to kermenis iestiepjas iek3a
blastula, bet paréeja dala veido sauru “kaklu”, kas paliek kontakta ar
blastulas arpusi veidojas “pudeles” morfologija

Blastocoel

|
Bottle cells Dorsal lip
Marginal zone



Gastrulacija

* “Pudeles” Sunas inicé arhenterona (primitivas zarnu caurulites
veidoSanos)

* Balstocéls tiek novirzits uz ventralo dalu un gastrulacijas beigas
izzud

* Blastoporai ieskaujot atlikuso “dzeltenuma” proteiniem bagato
vegetalo dalu to déve par “dzeltenuma korki”, turpinoties
gastrulacijai tas tiek internalizéts

Forming
Blastocoel archenteron Archenteron

Dorsal lip

Ventral lip

Ventral lip Blastocoel Yolk plug



Induktivie signali gastrulacijai

VENTRAL +———— DORSAL

ANIMAL
' ]
—_— —_—
! —~Wnt11 signal Wnt11 signal
protein activates combines with
VEGETAL Wnt pathway on . Xnr to induce
one side of embryo | Organizer
VegT gene. regulatory protein in Xnr prc}teiﬁﬁ induce mesoderm EMP4 protein Organizer releases
vegetal hemisphere directs and gastrulation movements (induced by Xnr) diffusible antagonists

synthesis of Xnr signal proteins of Wnt and BMP
|

|
(A) (B) : . :
dorsoventral signal gradient is created to control tissue
pattern and coordinate gastrulation movements

(C)

Embrionalas signalizacijas centra - dorsalas lupas (dorsal
lip) genéze nosaka talako gastrulacijas norisi un kermena
asu attistibu




Putni un ziditaji

Amnioti — mugurkaulnieki, kuru embriji attistas amniona (udens
maisa). Proti, putni, rapuli un ziditaji.

(A) Gallus gallus

AMNIOTE
VERTEBRATES

Reptiles

z

Amniote
€gg Monotremes <
/. (egg-laying mammals: ..
Mammary platypus, echidna) w
glands

wt
Placental mammals— m&

Mus musculus

Placenta



Amnijs — uztur skirdu vidi embrija attistibai

“Dzeltenuma” proteinu rajons nodrosina baribas vielu piegadi un
cirkulatoras sistémas attistibu

Allantojs — attistas posterioraja gala uz uzkraj atkritumvielas
Horijs — Satur asisnvadus, kas nodrosSina gazu apmainu ar aréjo vidi

Placenta — satur embrija un mates audus un asinsvadus, nodrosina
gazu apmainu, baribasvielu uznemsanu, atkritumvielu izvadisanu

i Maternal
. portion
s Extraembryonic oD of placeniy
0 membranes:

" Yolksac

Chorion Fetal portion
of placenta
Py s Umbilical
Amnion—— | ! . y / cord
Shell
Amniotic cavity  Embryo Embryo

Amniotic cavity



Putni



Sdnu dalisanas

Neliels blastodisks, kas piegul lielai

olSunas vegetalajai dalai

Stnu dalidanas notiek diskoidali

meroblastiski

Vegetalas dalas virspuse
veidojas sunu
blastoderma

Shell

/ N
AN
Chalaza
{ \'\'._

Albumin

Blastodisc

Vitelline
membrane

Yolk

(A) {B) {C) (D)

@ O

/ \
Area Area Marginal
pellucida opaca zone

Forming cells | \ Marginal zone

(E) N\ .'
Yolk \
Area pellﬁcxda Area t.wpaca



Hipoblasta veidosanas (sagatavo$anas gastrulacijai)

* Epiblasts posterioraja gala veido sabiezéjumu — Kollera salinu

* Anterioraja gala dala epiblastu delaminéjas un veido hipoblasta

salinas
MIDSAGITTAL VENTRAL DORSAL
Anterior —% » Posterior Hypoblast islands
(A) Stage X -
Area pellucida epiblast Koller’s sickle ~ Area opaca epiblast ot Aterion g
e e il v [/ A \\
e [l e e e e j i / \ :
JIRRAEAREREARNARARARARARANANY /__g L ’,HLU T " \
Dorsal Fm\(—) S e ) .,;,_,; { :‘ (‘“ in‘ /f[
A sy | |
Vcntral A ‘-:- = JL__—/\— \Ier‘1 ()p'lca \KQ”:«-:S{_‘»{'// {ﬁ':?t-:;:: — :::/
* I Iypoblast Posterior endoderm / Posterior
islands marginal zone (PMZ) Koller’s sickle

(Pirms olas izdésanas)




Hipoblasta veidosanas (sagatavo$anas gastrulacijai)

* Hipoblasta salinas veido primaro hipoblasta slani

(B) Stage XII
s — i
T I T / \ /'/ \
J \. ;:'
. | | |
.‘\- 4/\) .-‘{. -’I\""l; =t i : / ‘\\ 4 /’"
Primary \\*‘-‘-“s::.,._._% v/ \\\ = .»f/"g/
hypoblast cells o e

* Kollera salinam anterioras Stnas apvienojas ar primaro hipoblastu
veidojot sekundaro hipoblastu

(C) Stage XIII

x —_— B iy, 5 "‘«\\-‘
—_— <\
[T] o o—" ,/ N\ 4 ;
bheoh ;__A.,;’:--\.\—'L A L 4 \ i \
~ ) ) y / \
VSl vt f | I
e SN 1 / i
_./!""4- \
e K Y
Secondary S
hypoblast cells

(Pirms olas izdésanas)



Primitivas svitras attistiba

* Primitivas svitras sunas veido treso slani, kas atrodas starp
hipoblasta un epiblasta sunam

(D) Stage 2

T T L =g
S>oedn ‘&v “ ' '7/{'”)%2"@

Primitive streak
(middle layer)

* Primitivas svitras sSunas kl|ust par noteiktu rajonu epiblasta, caur
so slani migréjosas sunas klust par mezodermu un endodermu

(E) Stage 3
Primitive streak

Bpiblast— TCLLL LU i,
Hypoblast ~'<<><,_\"; z 7

Blastocoel Definitive endoderm

Primitive streak

(Pec olas izdésanas)



Primitiva svitra

* Primitiva svitra inicé gastrulaciju putnos,
rapulos un ziditajos (ekvivalenta struktura

blastoporas ltpai)

* No primitiva svira izveidojas primitiva
kroka, pa kuru Stinas migré embrija ieksiené

node ectoderm

Area—__ Neural .

pellucida ectoderm ™

Lt Paraxial —___
Area— Sk mesoderm
opaca }* Y (somites)
B R

Primitive -~ i Lateral plate *

groove mesoderm
Extraembryonic”
mesoderm

Anterior Q
Hensen’s ~_ SR Epidermal Notochord
&5 i
2 ol

The primitive streak

Anterior
Area opaca —____ e

Area ———— &
pellucida
. Koller's

Thickening — sickle

area of
blastoderm

Posterior

Area opaca —_ s,

Area —_ '
pellucida

Primitive — sl
streak

taking shape

* Pa Hensena mezglu
sunas migre embrija, lai
veidotu notohordu un
prehordalo platniti



Endodermas un mezodermas migracija

* Ektodermas, endodermas un mezoderams specifikacija notiek
pirms gastrulacijas, bet sunu tipa specifikaciju nosaka induktivie
signali ko sunas sanem migracijas laika caur primitivo svitru

. IRAS 3v
) A
e ¥ A ~
Al
a " (¥ -
o4
N /
o 5
4 L 7
wr
p AN ~
¥ \
17,
B .
_
y

Epiblast Blastocoel

Hypoblast

Endoderm

Migrating cells
(mesoderm)

* Svitra pagarinas
turpmako galvas
strukturu virziena,
anterioras sunas
migré vairak uz
centru



Kermena asu specifikacija

* Gallus gallus anteriori posterioras ass attistibu nosaka gravitacija

* Virzoties cauri vistas reproduktivajam traktam ola tiek 20h rotéta
(15apgr/h), kas veicina, ka vieglakas “dzeltenuma” frakcijas
koncentréjas zem vienas blastodermas puses

« Sis vieglakas frakcijas izvirza uz augdu vienu blastodermas dalu,
kas veidos posterioras strukturas

Blastoderm Primitive

Yolk (\ _ Albumen

rotates Lt >

in shell

SURFACE VIEW CROSS SECTION SURFACE VIEW
OF EGG THROUGH EGG OF YOLK




Ziditaji



Sunu dalisanas
* Oocits atbrivojas no olsunas un tiek nogadats olvada

* Apauglosanas notiek olvada ampulla rajona, ka rezultata oocits
pabeidz mejozi un olStina ir nobriedusi

2-cell stage

Zona

Uterus Morula pellucida

y - v g \
5 A = ’
- ’ G ‘
‘o 8./
o L ' [
L AR > Q
e A
- Gtk T
7 \
~ A

First cleavage \

4| Ampulla

__ Oviduct region

Fertilization
Blastocyst

Early stage of

implantation Ovulation  Fimbriae




Sdnu dalisanas

» SGinas dalas holoblastiski rotacijveida, otra inu dalianas ass ir

perpendikulara pirmajai

* Blastoméri nedalas vienlaicigi, tadéjadi embrijs var saturét

nepara skaitu stnu

Cleavage
plane |
J

Cleavage

Cleavage
lane |
pial

plane [1

Cleavage
plane 1A

Cleavage
plane 1B

{A) ECHINODERM
AND AMPHIBIAN

(B) MAMMAL

* Salidzinot ar citam
sugam ziditajiem
zigotas genoma
transkripcija sakas
agrak (kazam 2 sunu
dalisanas reizé,
cilvekiem -8)



Savstarpejie
kontakti

* Pirmajas dalisanas
reizés sunas ir loti
brivi savstarpéji
saistitas

8 vélinas sunas morula (16) blastocista

 Sakot ar 8-Suinu stadiju sakas intensivaka adhézijas molekulu (E-
kadherinu) ekspresija, Sunas veido kompaktu lodi

e Starp Sunam sféras arpusé veidojas “tight junction” savienojumi,
kas blivi noslédz sféras ieksejo vidi no arpuses

e Starp Sunam sféras ieksSiené veidojas “gap-junction” savienojumi,
kas nodrosina mazmolekularu savienojumu apmainu




Blastocista

* Aréjas blastocitas $uinas veido trofoblastu
* lekséjas sunas veido — iekséjo sinu masu

Trofoblasta Stnas veido embrionalas strukturas — horiju,
ekstraembrionalas membranas un dalu placentas, kas nodrosina
skabekla un baribas vielu ieguvi no mates organisma

lekS€ja Sunu masa veido — embriju, alantoju un amniju

Tiek uzskatits, ka trofoblastu un iekséjas sunu masas prekursori ir
totipotentas sunas, bet iekSéjas Sunu masas sunas ir pluripotentas

Pakapeniski embrija centra izveidojas ar skidrumu pildits dobums -
blastoceéls



Audu izvietojums

* lekséja sunu masa veido epiblasta
un hipoblasta slanus

* 5-9 diena blastocista implantéjas,
veidojas ekstraembrionala
endoderma blastodisks no epiblasta
un hipoblasta

* 10-12 diena tropoblasts sadalas par
scitiotropblastu un citotropoblastu

e 12-15 sakas gastrulacija

. Blastocyst

14 y ‘-',‘:\\
Hex Al

»»»»» e
Amniotic 77 V&
cavity 5 = ‘
Lot B3 Syncytio-
V" 22 trophoblast
. Cyto
Amniotic ~_ trophoblast

cavity

Embyronic iM\/ =
epiblast

Extraembrvomc Extraembryonic
mesoderm endoderm
Day 15
Primitive
streak

Embryonic P
ectoderm 7/ \

- / Embryonic

Embryonic endoderm
mesoderm



Stunu kustibas gastrulacijas laika

» SGinu migracija embrija ieksiené sakas no Gnu grupas ko sauc par
“mezglu”

* Epiteliali-mezenhimalas tranzicijas rezultata epiblasta Stnas
zaudé adheézijas 1pasibas un migre ieksa embrija, kur attistisies par
endodermu un mezodermu

(A) (B) .
Extraembryonic  Synctiotrophoblast Amniotic 14-151 )a)'s/ Primitive
mesoderm \ cavity Epiblast groove
<X : _ ~ ! ~N\
%‘) L \Q. .w : 3 —.. _ ‘ ~
L] r S % "
© y ° & \ “\\\\\\\\\ ‘"’J ‘ 11’
. i 4‘ N s

—— Bilaminar

o > el 1L o
Amnionic cavity— e A4 Tl germ disc

Primitive groove -~
'l n, , l‘lp,,
\ ||"l ’ Iy "’

AR
Yolk sac ‘ ,”

Extraembryonic
mesoderm

Mesoderm ; Endoderm



FGF un retinskabes gradienti BMP, Wt Wats, BMPs, EGFs

antagonists
* Posteriorajos audos aktivi \
signalizé Wnt, BMP (TGFB P posterior
parstavis), FGF (TRK parstavis)
un retiskabe \
Bberior :\\____ #/ Primitive
Y ol streak

Bitoderm Organizer

* Anteriorajos audos $os -
sighalus nomac Wnt un BMP Bdoderm
inhibitori

Axial
mesendoderm

Retinoic
acid (RA) l Wnt3a l Fgf8

e N

Cd» Ci» Cad

i

Hox genes

|

Anterlor -posterior
patterning

* Retinskabe, Wnt3a un Fgf8,
paraléli A-P ass noteiksanai,
aktive Cdx proteinus, kas
regulé Hox genu ekspresiju

|

Fgf8 peles astes alzmetnl



Hox geni un A-P ass

posterior

. . . Lab  Pb (EZEZ?}J' Dfd  Scr (Ftz) An Ubx AbdA AbdB
* Visos mugurkaulniekos A-P ass 2z, e -
sunu specifikaciju nosaka Hox L T T i
= i ancesral (3} [0+ s
genu ekspresija o s =

L4 Géh', kuru darbTba |r Hoxco;:;l:x Al A2 A3 AL A5 A6 A7 ' Tao 410 an A13
ekvivalenta dazadas sugas tiek B @ s s s s g m s

HoxB D—

saukti par paralogiem ¢ o @ @ o a0 ar oz an
HoxC

D3 D4 D& Dg D10 D11 D12 D13

D1
Howd ————{—}

* Konkretu paralogo genu
kombinaciju ekspresija nosaka

A-P ass kermena segmentu : H\%

izvietojumu @ a
o <--”fx_,

'\.
\:______ mesoderm

splnal cord




Peles un cala mugurkaula skriemelu
un Hox genu ekspresijas salidzinajums

Hox|Hox  HoxHox
-l 9 |10
Cervical Thoracic |[Lumbar Sacral Coccygeal
Chick o ) o s L

¢
SEDEOpPNOOCDOCCOCOEEENeEEEEERCDOROODOOEE e Vertebrae

g¢§0§¢g¢¢00000000000*'*’0’1‘0 Somites

080

MGhse HEB Bﬂnecl-llu:lll. }Illllllllll. smewmne Vertebrae
Cervical Thoracic Lumbar Sacral Caudal
Hox |Hox Hox | Hox
> 16 9 |10

. Occipital O Cervical . Thoracic . Lumbar . Sacral . Caudal

Mugurkaula skriemelu daudzums un izvietojums korelé ar Hox
génu ekspresijas robezam



