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Handed asymmetry is the 

term that denotes anatomic 

differences on the left and 

right sides of the body. 

- While the body is

outwardly symmetrical, most 

internal organs are 

asymmetrical with respect to 

the left and right sides.

Vertebrates have a generally bilaterally 

symmetrical body-plan, but this

symmetry is broken by the consistently 

asymmetric placement of various internal 

organs such as the heart, liver, spleen, and 

gut, or the asymmetric development of

paired organs (such as brain hemispheres 

and lungs). Symmetries are repeatedly broken 

during development.



normalis

Situs inversus

(1:20.000)





A, Situs solitus. B, Right atrial isomerism. The liver is midline, there are 2 eparterial 

bronchi, the position of the stomach and cardiac apex is indeterminate, and there is 

asplenia. C, Left atrial isomerism. The liver is midline, there are 2 hyparterial bronchi, the 

position of the stomach and cardiac apex is indeterminate, and there are multiple 

spleens. D, Situs inversus. Ciliary defects in PCD. E, Normal cilium. The outer dynein 

arms are indicated by a red arrow, and the inner dynein arms are indicated by a yellow 

arrow. F, Cilium in a patient with PCD. Note the absence of outer dynein arms. 



Kartagener’s syndrome (1:30.000):

1.  Chronic bronchiectasis

2.  Chronic sinusitis

3.  Situs inversus

Medical considerations of LR 

asymmetry :

-situs inversus (1:10.000, a 

complete mirrorimage

of asymmetrically positioned

organs) 

-heterotaxia (situs ambigus)

(where each organ makes an 

independent decision as to its

situs),-severe complications 

right or left isomerism

completely symmetrical organs; 

polysplenia. 

Kartagener’s syndrome (immotile 

ciliary syndrome)

-hereditary disease

-dextrocardia, 

Kartagener syndrome patients have 

mutations in DYNEIN genes:--immotile cilia



Gastrulation :

Specification of the axes:

Anterior and posterior

Dorsal and ventral

Left and right

Generation of the three germ layers

Ectoderm, mesoderm, and endoderm

How is handed asymmetry initiated in the embryo? 

Defined MAIN axes in human anatomy

Defined

Axis
Synonyms Axis runs...

Anterior
Antero-

posterior

Rostrocaudal, 

Craniocaudal, 

Cephalocaudal

...from head end to opposite end of 

body or tail.Posterior

Dorsal
Dorso-

ventral
—

...from spinal column (back) to belly

(front).Ventral

Left 

(lateral)
Left-right

Dextro-sinister, 

Sinistro-dexter
...from left to right sides of body.

Right 

(lateral)



Brachyury mRNA (T-box)

expression containing transcription 

factor

The brachyury mutation was first 

described in mice 

-affects tail length and sacral vertebrae in 

heterozygous animals and is lethal in 

homozygous animals around embryonic 

day 10 due to defects in mesoderm

formation, notochord differentiation and the 

absence of structures posterior to the 

forelimb bud). 

http://en.wikipedia.org/wiki/Mesoderm
http://en.wikipedia.org/wiki/Notochord


Gastrulation Anomalies

Caudal Dysgenesis (Sirenomelia)

-Caudal defect: Insufficient mesoderm formation

-Fused lower limbs, renal agenesis

-Genetic and teratogenic mutation of Brachyury (T) gene (the brachyury mutation was first 

described in mice affects tail length and sacral vertebrae in heterozygous animals and is lethal in 

homozygous animals around embryonic day 10 due to defects in mesoderm formation)



Anterior-posterior patterning in the mouse embryo 



Anterior-posterior tengely 

Wnt-

antagonista

mutáns egér 

embryok



**0

head induction requires the inhibition of

both BMP and Wnt signals (Glinka et al. 1997). 



**0



Pathway for left-right asymmetry in the embryo 









Left-right asymmetry - molecular control

Node Signals:

SHH – Sonic Hedgehog –

Bal oldalon a NODAL-t

aktiválja

Activin – jobb oldalon 

(gátolja a  SHH növekedési 

faktor aktivitását)

Reverse Asymmetry = situs

inversus

Primitive pit

Node Signals:

SHH – Sonic Hedgehog –

left side activates NODAL

Activin – right side (inhibits

SHH activity)

Reverse Asymmetry = situs

inversus







How does fluid flow influence nodal/lefty2 switching?

Morphogen sweeping Mechanosensory cilia



nodal flow model (áramlás modell) a jobb-bal aszimetria kialakulásra


