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Bi- or multi-differentiated organoid 

The present invention relates to the field of artificial or

ganoid model tissues.  

Background of the invention 

Three-dimensional (3D) organoid culture technology allows 

the development of complex, organ-like tissues reminiscent of in 

vivo development (W02014/090993; Lancaster et al., Nature 501, 

373-379 (2013); Lancaster & Knoblich, Science 345, 1247125 

(2014)). Importantly, cerebral organoids recapitulate many as

pects of embryonic cortical development including the generation 

of diverse cell types corresponding to different brain regional 

identities (Lancaster & Knoblich, Nat Protoc 9, 2329-2340 

(2014)). For instance, cerebral organoids can produce dorsal and 

ventral forebrain progenitors that generate excitatory neurons 

and inhibitory interneurons, respectively. Moreover, cerebral 

organoids can be generated from human patient-derived induced 

pluripotent stem cells (hiPSCs), and used for functional genomic 

studies of neurological disorders such as microcephaly and Au

tism.  

Maroof et al., Cell Stem Cell 12, 559-572 (2013) and Nicho

las et al., Cell Stem Cell 12, 573-586 (2013) describe methods 

of modelling human neuronal development in mice in vivo. The 

method comprises culturing stem cells on a cortical feeder layer 

in vitro and then transplanting cells into the neonatal neocor

tex of immunocompromised mice for further development. Liu et 

al., Nat Protoc 8, 1670-1679 (2013) describe culturing cells in

to small neurospheres (20pm-50pm) and differentiating the cells 

of the neurospheres into GABA+ neurons in culture.  

US 2016/289635 Al describes to a method of producing an ar

tificial telencephalon tissue.  

WO 2014/033322 Al relates to a method of producing pancreat

ic endoderm by differentiating precursor cells.  

WO 2011/055855 Al relates to a method of inducing differen

tiation in cultured stem cells.  

US 2016/312181 Al describes differentiation of neuronal 

cells from stem cells.  

Still, such prior model systems are not able to simulate any 

physiological development. E.g. the cerebral cortex contains two
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main populations of neurons, excitatory glutamatergic pyramidal 

neurons, and inhibitory y-Aminobutyric acid (GABA) producing in

terneurons. Excitatory cortical neurons are predominantly gener

ated by dorsal forebrain progenitors, while inhibitory GABAergic 

cortical interneurons are generated by ventral forebrain progen

itors. To integrate into cortical circuits, interneurons perform 

a long-distance migration from their ventral origin into their 

target dorsal cortical regions. This long-range tangential mi

gration is controlled by many signaling pathways, and mutations 

in some neurological disease-associated genes may disrupt inter

neuron migration. However, the relationship between patient

specific mutations and human brain development remains enigmatic 

without suitable experimental human model systems.  

Thus, there is a demand to model additional characteristics 

of natural, in particular human, brains in large in vitro cul

tures that closely resemble brains and model brain development 

to a stage as late/large as possible.  

Any discussion of the prior art throughout the specification 

should in no way be considered as an admission that such prior 

art is widely known or forms part of common general knowledge in 

the field.  

Summary of the invention 

The present invention provides a method of producing a bi

or multi-differentiated tissue with at least two tissue types 

comprising the steps of providing a first tissue that is devel

oped to a stage of differentiation of interest; providing a sec

ond tissue that is developed to a stage of differentiation of 

interest differing from the stage of differentiation of interest 

of the first tissue; placing said first and second tissue in vi

cinity sufficient for fusion by growth; allowing the first and 

second tissue to grow and fuse to each other; thereby producing 

a bi- or multi-differentiated tissue comprising the first and 

second tissue with different stages of differentiation.  

According to a first aspect, the present invention provides an 

in vitro method of producing a bi- or multi-differentiated neu

ronal tissue with at least two neuronal tissue types comprising 

the steps of providing a first neuronal tissue that is developed 

to a stage of differentiation of interest; providing a second 

neuronal tissue that is developed to a stage of differentiation
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of interest differing from the stage of differentiation of in

terest of the first neuronal tissue, wherein the volume of the 

first and/or second tissue is at least 6x10 6 pm 3; placing said 

first and second neuronal tissue in vicinity sufficient for fu

sion by growth; allowing the first and second neuronal tissue to 

grow and fuse to each other; thereby producing a bi- or multi

differentiated neuronal tissue comprising the first and second 

neuronal tissue with different stages of differentiation.  

According to a second aspect, the present invention provides an 

in vitro method of producing a bi- or multi-differentiated neu

ronal tissue with at least two neuronal tissue types comprising 

the steps of providing a first neuronal tissue that is developed 

to a stage of differentiation of interest; providing a second 

neuronal tissue that is developed to a stage of differentiation 

of interest differing from the stage of differentiation of in

terest of the first neuronal tissue; placing said first and sec

ond neuronal tissue in vicinity sufficient for fusion by growth; 

allowing the first and second neuronal tissue to grow and fuse 

to each other; thereby producing a bi- or multi-differentiated 

neuronal tissue comprising the first and second neuronal tissue 

with different stages of differentiation; 

wherein the first and/or second neuronal tissue is grown in a 

hydrogel, and/or in extracellular matrix (ECM) or any component 

thereof selected from collagen, laminin, entactin, and heparin

sulfated proteoglycan or any combination thereof, and/or wherein 

the tissues during fusion are cultured in a hydrogel, and/or in 

extracellular matrix (ECM) or any component thereof selected 

from collagen, laminin, entactin, and heparin-sulfated proteo

glycan or any combination thereof.  

According to a third aspect, the present invention provides a 

bi- or multi-differentiated neuronal tissue with at least two 

neuronal tissue types of different stages of differentiation, 

wherein at least one of the neuronal tissue types comprises ven

tral neuronal tissue and the at least another tissue type is 

substantially non-ventral but containing migrated cells from the 

ventral neuronal tissue constituting not more than 5% of the 

cells of the substantially non-ventral tissue and the bi- or 

multi-differentiated tissue having a size of 100 pm to 10 mm in 

its longest dimension.  

According to a fourth aspect, the present invention provides a
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method of testing or screening a candidate compound for influ

encing differentiation of bi- or multi-differentiated neuronal 

tissue, comprising contacting a neuronal tissue of the invention 

with the candidate compound and maintaining said contacted tis

sue in culture, and observing any differentiation changes in the 

tissue as compared to said tissue without contacting by said 

candidate compound.  

According to a fifth aspect, the present invention provides a 

use of a kit in a method according to the invention, wherein the 

kit comprises a (i) a WNT inhibitor and/or a SHH enhancer and 

(ii) a SHH inhibitor.  

According to a sixth aspect, the present invention provides bi

or multi-differentiated neuronal tissue produced by the method 

of the invention.  

Also provided is a method of producing a bi- or multi

differentiated tissue with at least two tissue types comprising 

the steps of developing a first tissue to a stage of differenti

ation of interest; developing a second tissue to a stage of dif

ferentiation of interest differing from the stage of differenti

ation of interest of the first tissue; placing said first and 

second tissue in a vicinity sufficient for fusion by growth; al

lowing the first and second tissue to grow and fuse to each oth

er; thereby producing a bi- or multi-differentiated tissue com

prising the first and second tissue with different stages of
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differentiation.  

The invention further provides an in vitro bi- or multi

differentiated tissue obtainable by such a method. In particu

lar, provided is a bi- or multi-differentiated tissue with at 

least two tissue types of different stages of differentiation 

wherein at least one of the tissue types comprises ventral neu

ronal tissue and the at least another tissue type is substan

tially non-ventral but containing migrated cells from the ven

tral neuronal tissue constituting not more than 5% of the cells 

of the substantially non-ventral tissue and the bi- or multi

differentiated tissue having a size of 100 pm to 10 mm in its 

longest dimension.  

Further provided is a method of testing a candidate compound 

for influencing development of bi- or multi-differentiated tis

sue, comprising contacting cells or a tissue in a method of the 

invention with the candidate compound or contacting a tissue of 

the invention with the candidate compound and maintaining said 

contacted tissue in culture, and observing any developmental 

changes in the tissue as compared to said tissue without con

tacting by said candidate compound.  

Also provided is a kit suitable for providing a tissue cul

ture comprising a ventral differentiation inducer and a dorsal 

differentiation inducer, preferably a WNT inhibitor and/or a SSH 

enhancer as ventral differentiation inducer and preferably a SSH 

inhibitor as dorsal differentiation inducer. The kit is useful 

for and can be used in a method of the invention.  

All embodiments of the invention are described together in 

the following detailed description and all preferred embodiments 

relate to all embodiments, aspects, methods, tissues and kits 

alike. E.g. kits or their components can be used in or be suita

ble for inventive methods. Any component used in the described 

methods can be in the kit. Inventive tissues are the results of 

inventive methods or can be used in inventive methods. Preferred 

and detailed descriptions of the inventive methods read alike on 

suitability and resulting tissues of the inventions. All embodi

ments can be combined with each other, except where otherwise 

stated.  

Detailed description of the invention 

The present invention provides a method of producing a bi-
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or multi-differentiated tissue with at least two tissue types 

comprising the steps of providing or developing a first tissue 

at/to a stage of differentiation of interest; providing or de

veloping a second tissue at/to a stage of differentiation of in

terest differing from the stage of differentiation of interest 

of the first tissue; placing said first and second tissue in a 

vicinity sufficient for fusion by growth; allowing the first and 

second tissue to grow and fuse to each other; thereby producing 

a bi- or multi-differentiated tissue comprising the first and 

second tissue with different stages of differentiation. The 

method is usually performed in vitro or ex vivo, such as in a 

container like a vial or dish or other cell culture equipment.  

Typically, the first and/or the second tissue, especially both 

(and optionally further tissue), are derived in-vitro, i.e. from 

an in-vitro culture. Preferably, the first and/or the second 

tissue, especially both (and optionally further tissue), are de

rived in vitro from pluripotent stem cells or, in other words, 

from an in-vitro culture of pluripotent stem cells. It is par

ticularly preferred when the first and/or the second tissue, es

pecially both (and optionally further tissue), are derived from 

induced pluripotent stem cells (which in turn can e.g. be de

rived from cells isolated from a patient) or, in other words, 

derived from an in-vitro culture of induced pluripotent stem 

cells.  

Artificial tissue culturing methods, including 3D-culturing, 

are known from W02014/090993, Lancaster et al., Nature 501, 373

379 (2013), Lancaster & Knoblich, Science 345, 1247125-1247125 

(2014) and Lancaster & Knoblich, Nat Protoc 9, 2329-2340 (2014) 

(all incorporated herein by reference). Such prior methods can 

be used according to the invention for developing the first and 

second and any further tissue that form part of the inventive 

bi- or multi- differentiated tissue. PCT/EP2017/050469 (incorpo

rated herein by reference) describes an improved method of cre

ating organoids on support in a three dimensional matrix. Such a 

method may also be used according to the invention. Also US 

2011/0143433 describes culturing stem cells that may develop in

to tissues, which may be used according to the invention. Prior 

organoids succeeded in creating artificial in vitro neuronal 

tissues with natural brain like characteristics and layering.  

In summary, many tissues have been developed. Such tissues,
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may be used as starting points for the invention as developed 

first tissue at a given stage of differentiation of interest and 

as a second (and optionally any further) tissue at a given stage 

of differentiation of interest. Of special interest are neural 

or neuronal tissues. Neural tissue undergoes complex differenti

ation pattern and correct modelling of human brains pose a dif

ficulty for developmental biology. Although advances have been 

made (all papers by Lancaster et al. and Lancaster & Knoblich, 

supra), modeling full development of a tissue that can evolve 

into an animal or human brain is still beyond reach (Brtistle, 

Nature 501 (2013): 319-320; Chambers et al., Cell Stem Cell 

(2013) 13: 377-378). Although the inventive method and tissues 

preferably relate to neural tissues since for these tissues par

ticular advantageous effects and results have been shown, this 

should not be understood as a limitation of the inventive con

tribution to particular tissues since advantages are possible to 

any kind of tissue.  

The cells of the first, second and optionally further tissue 

may be developed to a particular organ type or may have initiat

ed differentiation towards a particular differentiation fate.  

The cells of the tissues may have become multipotent (from pre

viously pluripotent or even less differentiated), some cells may 

even be unipotent or somatic tissue cells. The tissue fate may 

be towards any tissue. Preferably, the target tissue is selected 

from neuronal tissue, connective tissue, hepatic tissue, pancre

atic tissue, kidney tissue, bone marrow tissue, cardiac tissue, 

retinal tissue, intestinal tissue, lung tissue, and endothelium 

tissue. For example the tissues may comprise any stem cell for 

such a tissue that has undergone tissue specific differentia

tion. Preferably the tissues comprise cells selected from neu

ronal or neurogenic, adipogenic, myogenic, tenogenic, chondro

genic, osteogenic, ligamentogenic, dermatogenic, hepatic, or en

dothelial cells. In some cases, also combinations are possible, 

e.g. organ cells (e.g. neuronal, myogenic, hepatic) with cells 

that would develop into supporting tissues (e.g. endothelial, 

adipogenic, ligamentogenic cells). In the methods, differentia

tion may be initiated by commonly known tissue specific growth 

or differentiation factors, also called, differentiation

inducing agents. Such are e.g. known in the art and are e.g.  

disclosed in WO 2009/023246 A2, WO 2004/084950 A2 and WO
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2003/042405 A2. Further, the differentiating or growth factor 

can be a bone morphogenetic protein, a cartilage- derived mor

phogenic protein, a growth differentiation factor, an angiogenic 

factor, a platelet-derived growth factor, a vascular endothelial 

growth factor, an epidermal growth factor, a fibroblast growth 

factor, a hepatocyte growth factor, an insulin-like growth fac

tor, a nerve growth factor, a colony- stimulating factor, a neu

rotrophin, a growth hormone, an interleukin, a connective tissue 

growth factor, a parathyroid hormone-related protein, (e.g. dis

closed in WO 2004/084950 A2). These factors/agents are commer

cially available and need no further description. Of course, 

such factors/gents may for any one of the above tissue types may 

be included in the inventive kit. Preferably, neuronal or neuro

genic are used in the method or provided in the kit and prefera

bly neuronal or neurogenic cells are present in the inventive 

tissue.  

The tissue may comprise progenitor cells, such as a stem 

cell, to any tissue, especially those described above. The pro

genitor cell is preferably selected from the group consisting of 

a totipotent stem cell, pluripotent stem cell, multipotent stem 

cell, mesenchymal stem cell, neuronal stem cell, hematopoietic 

stem cell, pancreatic stem cell, cardiac stem cell, embryonic 

stem cell, embryonic germ cell, neural stem cell, especially a 

neural crest stem cell, kidney stem cell, hepatic stem cell, 

lung stem cell, hemangioblast cell, and endothelial progenitor 

cell. The pluripotent cell used in the method or the progenitor 

cell can be derived from a de-differentiated chondrogenic cell, 

myogenic cell, osteogenic cell, tendogenic cell, ligamentogenic 

cell, adipogenic cell, or dermatogenic cell.  

Differentiation can be achieved by contacting cells with a 

tissue specific growth or differentiation factor. The cells may 

then develop into the desired tissue. Such a tissue specific 

growth or differentiation factor may be a neuronal or neurogen

ic, myogenic, tenogenic, chondrogenic, or osteogenic differenti

ation factor, especially preferred a neuronal differentiation 

factor. This will determine the development into the respective 

type of cellular tissue in later development. The cells will 

thereby transit from pluripotent to multipotent cells. Other 

tissue types shall then be not or only by a return to a pluripo

tent status be possible again. Usually not all cells are differ-
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entiated to the selected tissue type. It usually sufficient when 

about 30% or more or at least 40% or at least 50%, or at least 

60% or at least 70% or at least 80% of the cells initiate dif

ferentiation towards the selected tissue type and transform to 

reduce their differentiation potential by multipotent cell with 

the respective tissue destiny (%-values as fractions of the cell 

amount). Of course this differentiation destiny only applies for 

the cells that are not returned to a un- or less differentiated 

state by use of artificial growth and dedifferentiation stimuli.  

Clearly, even somatic cells can be returned to a pluripotent 

cells and this is not meant when defining a differentiated state 

herein. Preferably, no factors are introduced to the cells that 

would return the cells to pluripotent cells.  

The inventive first, second and optionally further tissues 

have different stages of development or differentiation. Such 

different differentiation means that the tissues have at least 

initiated differentiation into different tissue types, including 

subtypes or other different organ regions or organ organization 

areas, such as ventral and dorsal development and/or development 

of different brain areas and/or development of left and right 

brain hemispheres .  

The first, second and optionally further tissues are then 

placed in vicinity and allowed to grow together or fuse. This 

surprisingly led to remarkable new observations in development 

of the now combined or fused tissue (also referred to as bi- or 

multi-differentiated tissue). For example, development of the 

forebrain involves the migration of GABA-ergic interneurons over 

long distances from ventral into dorsal regions. Although de

fects in interneuron migration are implicated in neuropsychiat

ric diseases such as Epilepsy, Autism, and Schizophrenia, model 

systems to study this process in humans are still lacking. An 

organoid co-culture "fusion" paradigm to successfully combine 

independently patterned organoids into a single tissue was de

veloped. The inventive bi- or multi-differentiated tissue not 

only achieves the benefits of prior organoid models but on top 

of that is suitable to provide a model for cell migration be

tween tissue types, such as in human interneuron migration. In 

case of cerebral organoids, by fusing organoids specified toward 

dorsal and ventral forebrain, a continuous dorsal-ventral axis 

has been shown. Using fluorescent reporters, directional GABAer-
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gic interneuron migration from ventral into dorsal forebrain can 

be monitored. The molecular taxonomy and migratory dynamics of 

these cells resembles that of cortical interneurons. Time lapse 

imaging of human interneuron migration is possible. Also inhibi

tion of such migration, e.g. by the CXCR4 antagonist AMD3100 is 

observable. The results demonstrate that cerebral organoid fu

sion cultures can model complex interactions between different 

brain regions. Combined with reprogramming technology, fusions 

offer a possibility to analyze complex neurodevelopmental de

fects using cells from neuropsychiatric disease patients, and to 

test potential therapeutic compounds.  

Cell co-cultures are known in the art. E.g. stem cells are 

cultured in mixtures with other cells to provide additional sup

port or developmental factors to the stem cells (Paschos et al., 

Tissue Eng Regen Med (2014) DOI: 10.1002/term.1870). The present 

invention relates to a different kind of co-culture. The inven

tion provides a co-culture on the tissue level, wherein two or 

more differently developed tissues are cultured together to form 

a fusion tissue, the bi- or multi-differentiated tissue. Indi

vidual cells of the different original tissues are not mixed by 

the practitioner, as the original different tissues remain sepa

rate regions of tissue types within the bi- or multi

differentiated tissue. However, cell migration is of course al

lowed. In fact natural migration of cells from one tissue to an

other is desired and shows natural development of fused tissues.  

Some cells form connections between the different tissue types.  

Growth of the tissues to form the bi- or multi

differentiated tissue may be performed as known in the art for 

tissue culturing. Preferred is culturing in a three dimensional 

matrix. A three dimensional matrix is distinct from 2D cultures, 

such as 2D cultures in a dish on a flat surface. A "three dimen

sional culture" means that the culture can expand in all three 

dimensions without being blocked by an one-sided wall (such as a 

bottom plate of a dish). Such a culture is preferably in suspen

sion. The three dimensional matrix may be a gel, especially a 

rigid stable gel, which results in further expansion of growing 

cell culture/tissue and differentiation. A suitable three dimen

sional matrix may comprise collagen. More preferably the three 

dimensional matrix comprises extracellular matrix (ECM) or any 

component thereof selected from collagen, laminin, entactin, and
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heparin-sulfated proteoglycan or any combination thereof. Extra

cellular matrix may be from the Engelbreth-Holm-Swarm tumor or 

any component thereof such as laminin, collagen, preferably type 

4 collagen, entactin, and optionally further heparan-sulfated 

proteoglycan or any combination thereof. Such a matrix is Mat

rigel. Matrigel is known in the art (US 4,829,000) and has been 

used to model 3D heart tissue previously (WO 01/55297 A2) or 

neuronal tissue (WO 2014/090993). Preferably the matrix compris

es laminin, collagen and entactin, preferably in concentrations 

30%-85% laminin, 3%-50% collagen and sufficient entactin so that 

the matrix forms a gel, usually 0.5%-10% entactin. Laminin may 

require the presence of entactin to form a gel if collagen 

amounts are insufficient for gel forming. Even more preferred, 

the matrix comprises a concentration of at least 3.7 mg/ml con

taining in parts by weight about 50%-85% laminin, 5%-40% colla

gen IV, optionally 1%-10% nidogen, optionally 1%-10% heparan 

sulfate proteoglycan and 1%-10% entactin. Matrigel's solid com

ponents usually comprise approximately 60% laminin, 30% collagen 

IV, and 8% entactin. All %-values given for the matrix compo

nents are in wt.-%. Entactin is a bridging molecule that inter

acts with laminin and collagen. Such matrix components can be 

added in step r). These components are also preferred parts of 

the inventive kit. The three dimensional matrix may further com

prise growth factors, such as any one of EGF (epidermal growth 

factor), FGF (fibroblast growth factor), NGF, PDGF, IGF (insu

lin-like growth factor), especially IGF-1, TGF-5, tissue plas

minogen activator. The three dimensional matrix may also be free 

of any of these growth factors.  

In general, the three dimensional matrix is a three dimen

sional structure of a biocompatible matrix. It preferably com

prises collagen, gelatin, chitosan, hyaluronan, methylcellulose, 

laminin and/or alginate. The matrix may be a gel, in particular 

a hydrogel. Organo-chemical hydrogels may comprise polyvinyl al

cohol, sodium polyacrylate, acrylate polymers and copolymers 

with an abundance of hydrophilic groups. Hydrogels comprise a 

network of polymer chains that are hydrophilic, sometimes found 

as a colloidal gel in which water is the dispersion medium. Hy

drogels are highly absorbent (they can contain over 99 wt.-% wa

ter) natural or synthetic polymers. Hydrogels also possess a de

gree of flexibility very similar to natural tissue, due to their
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significant water content. It is possible that the three dimen

sion-al matrix, or its components, especially ECM or collagen, 

still remains in the produced tissue culture. Preferably the 

three dimensional matrix is a collagenous matrix, preferably it 

contains type I and/or type IV collagen.  

The first, second and optionally further tissues that are 

used as a starting material for the fusion, may also be grown or 

differentiated in a three dimensional matrix as described above 

- of course suitable growth factors may be used for differentia

tion into the desired tissue type as mentioned above. According

ly, the present invention also provides the steps of growing 

cells, preferably stem cells, in a three dimensional matrix and 

differentiating cells into the first and/or second and/or fur

ther tissues that are to be used further in the inventive meth

od. The present invention also provides using tissues that have 

been grown in a three dimensional matrix.  

Preferably, developing the first tissue to a stage of dif

ferentiation of interest is separate from developing the second 

tissue to a stage of differentiation of interest differing. Sep

arating the differentiation of the first and second tissue (and 

also of further tissues if indented to be used) allows better 

control of the differentiation. Of course also co

differentiation is possible, at least to a certain stage, e.g.  

towards a general organ destination, like neuronal tissue in 

general or of any other organ or tissue class as mentioned 

above, with separate differentiation towards particular tissue 

subtypes, like dorsal or ventral tissues. Separate differentia

tion can be e.g. in separate containers, e.g. different vials, 

flasks or dishes.  

In particular provided is an artificial tissue culture com

prising a first and/or second tissue. Such a culture may be in 

vitro grown from a cell or from an aggregate of cells. The cul

ture is in particular not a culture of an in vivo developed 

brain or a tissue sample thereof. The first and second tissues, 

used as a starting block to generate the invention, are prefera

bly separable, i.e. not already grown together. They can be sep

arated without disconnecting cellular or ECM (extracellular ma

trix) bonds, such as by cutting or tearing.  

The first and second tissues are then placed in vicinity 

that allows fusion by growth. The tissues may be placed directly
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adjacent or with little room in between (e.g. filled by a matrix 

material, e.g. of the three dimensional matrix mentioned above) 

that allows joining of the tissues by growth. Such a distance 

may be 0.001 pm to 50 pm, preferably 0.01 pm to 20 pm or 0.1 pm 

to 10 pm or up to 1 pm. The steps of placing said first and sec

ond tissue in a vicinity sufficient for fusion by growth and al

lowing the first and second tissue to grow and fuse to each oth

er are preferably performed in suspension culture, e.g. after 

placement in an adequate culturing medium or matrix, such as a 

3D matrix like a hydrogel.  

During joining and also afterwards, the tissues are prefera

bly cultured in a three dimensional matrix. Accordingly, the 

first and second (and optionally further) tissues are placed in

side a three dimensional matrix material as described above, 

preferably a hydrogel. The tissues will then continue to grow 

and fuse to form the bi- or multi-differentiated tissue. The bi

or multi-differentiated tissue many be continued to grow or be 

maintained in a three dimensional matrix, such as a hydrogel for 

further development. Such further development may include allow

ing migration of cells from one tissue type to another tissue 

type. The tissue types are those tissues that have been given 

rise by the original separate first and second tissues (and op

tionally further tissues if present). Thus in a preferment the 

invention comprises migrating cells from the first tissue to the 

second tissue in said bi- or multi-differentiated tissue.  

Preferably the tissue in cultured further even after joining 

(fusion). After joining, interesting processes, like cell migra

tion between tissue types, may be observed. Further development 

may take place. Preferably the bi- or multi-differentiated tis

sue is cultured for at least 5 days after joining, preferably at 

least 10 days after joining.  

In preferred embodiments of the invention the tissues are 

neuronal tissues, particularly, the inventive bi- or multi

differentiated tissue is a cerebral organoid. Cerebral organoids 

are e.g. disclosed in W02014/090993, PCT/EP2017/050469, Lancas

ter et al., Lancaster & Knoblich, all supra. An organoid is a 

miniaturized and simplified version of an organ produced in 

vitro in three dimensions that shows realistic micro-anatomy.  

They are derived from one or a few cells from a tissue, embryon

ic stem cells or induced pluripotent stem cells, which can self-
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organize in three-dimensional culture owing to their self

renewal and differentiation capacities. The first, second and 

optionally further tissue may already be organoids or are capa

ble of developing into organoids, given the corresponding growth 

or differentiation factor stimulus. Preferably at least the bi

or multi-differentiated tissue is grown into an organoid, which 

then is a bi- or multi-differentiated organoid.  

In preferments, the at least the first tissue comprises neu

ronal tissue, preferably comprising outer radial glia, a corti

cal subventricular zone and a cortical inner fiber layer (and/or 

comprising neural progenitor cells and neurons). Alternatively 

or in addition, especially in addition, it is preferred that at 

least the second tissue comprises neuronal tissue, preferably 

comprising outer radial glia, a cortical subventricular zone and 

a cortical inner fiber layer (and/or comprising neural progeni

tor cells and neurons). These regions, zones and layers are 

hallmarks of advanced developed cerebral organoids and are pref

erably present in order to study advanced neural development.  

Preferably, the bi- or multi-differentiated tissue comprises 

neuronal tissue, preferably comprising outer radial glia, a cor

tical subventricular zone and a cortical inner fiber layer 

(and/or comprising neural progenitor cells and neurons).  

Preferably, the stages of differentiation of the first tis

sue comprises a ventral forebrain progenitor tissue or a rostro

ventral forebrain tissue. This differentiation into a ventral or 

ventral-like tissue type may be initiated by WNT-inhibition 

and/or SHH signalling enhancement. A suitable WNT-inhibitor that 

can be used to treat the cells of the first tissue is IWP2 ("In

hibitor of WNT Production-2", e.g. CAS-no: 686770-61-6). A suit

able SHH signalling enhancer that can be used to treat the cells 

of the first tissue is SAG ("Smoothened Agonist", e.g. CAS-no: 

364590-63-6). Concentrations as described in the examples may be 

used. WNT-inhibition and/or SHH signalling enhancement is/are 

preferably concurrent with neural induction, i.e. differentia

tion progenitor cells toward neural tissue development. Likewise 

preferably, the stages of differentiation of the second tissue 

comprises dorsal forebrain tissue or neuroectoderm without dif

ferentiation to ventral or dorsal forebrain. Differentiation in

to a dorsal or dorsal-like tissue type may be initiated by SHH 

activity inhibition. A suitable SHH activity inhibitor that can
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be used to treat the cells of the second tissue is cyclopamine A 

(CycA). Concentrations as described in the examples may be used.  

SHH inhibition is preferably concurrent with neural induction, 

i.e. differentiation progenitor cells toward neural tissue de

velopment. Preferably, the bi- or multi-differentiated tissue 

comprises a ventral forebrain progenitor tissue or a rostro

ventral forebrain tissue at one tissue region - corresponding to 

the first tissue -, and dorsal forebrain tissue or neuroectoderm 

without differentiation to ventral or dorsal forebrain in anoth

er region - corresponding to the second tissue. Briefly, ventral 

and dorsal tissues allow observations of advanced neural devel

opments, such as migrating neural cells, in particular of GABA

ergic neuronal cells, such as those forming interneurons. Such 

cells may migrate out of a ventral region, which is therefore 

preferably present in the inventive first tissue and/or in the 

bi- or multi-differentiated tissue.  

Preferably, the bi- or multi-differentiated tissue is dif

ferentiated to develop a neural plate or further to a neural 

tube. A neural plate or tube may be present in the inventive bi

or multi-differentiated tissue.  

In preferred embodiments of the invention, the first tissue 

is grown to a size of at least 100 pm, preferably at least 150 

pm, especially preferred at least 200 pm. Likewise preferably, 

the second tissue is grown to a size of at least 100 pm, prefer

ably at least 150 pm, especially preferred at least 200 pm.  

Preferably the sizes of the first and second tissue are grown to 

about the same size before allowed to fuse to form the bi- or 

multi-differentiated tissue. About the same size means that the 

volume differs by at most 40%, preferably b at most 30%, at most 

20% or at most 10%. "Size" refers to the longest dimension in 3d 

space. Preferably the tissues are globular in shape, in particu

lar with the shortest dimension being not less than 20% of the 

longest dimension, in particular not less than 30% or not less 

than 40% of the longest dimension. Preferably the volume of the 

first and/or second tissue is at least 1x10 6 pm3 , in particular 

preferred at least 2x106 pm3 , at least 4x106 pm3 , at least 6x106 

pm3. The bi- or multi-differentiated tissue may have the same 

sizes, shapes and volumes or even larger sizes and volumes, such 

as a volume of at least 8x10 6 pm3 , at least 10x106 pm3 , at least 

15x106 pm3 and/or sizes of at least 250 pm, especially preferred
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at least 350 pm.  

The first and second tissues are usually small aggregates of 

cells and may have a size of at most 2 mm, preferably of at most 

1250 pm or at most 800 pm, e.g. with volumes of at most 8 mm 3, at 

most 2 mm3 , or at most at most 1 mm3 . In some embodiments, the 

bi- or multi-differentiated tissue may be larger with a size of 

at most 15 mm, preferably of at most 10 mm or at most 5 mm, e.g.  

with volumes of at most 60 mm 3, at most 30 mm 3, or at most at 

most 10 mm3 .  

The first and second tissue may express certain differentia

tion expression markers, or lack expression of such expression 

markers as signals of a specific differentiation. Expression 

markers are signs of different differentiation of these two tis

sues.  

Preferably the inventive first tissue and/or bi- or multi

differentiated tissue comprises cells, which express DLX2. DLX2 

is expressed in cells of ventral forebrain identity. Preferably 

this tissue type is comprised in the inventive tissue.  

Preferably the inventive first tissue and/or bi- or multi

differentiated tissue comprises cells, which express GSX2. GSX2 

is expressed in cells of dorsal-lateral ganglionic eminence and 

caudal ganglionic eminence identity. Preferably this tissue type 

is comprised in the inventive tissue.  

Preferably the inventive first tissue and/or bi- or multi

differentiated tissue comprises cells, which express NKX2-1.  

NKX2-1 is expressed in cells of ventral-medial ganglionic emi

nence identity. Preferably this tissue type is comprised in the 

inventive tissue.  

Preferably the inventive first tissue and/or bi- or multi

differentiated tissue comprises cells, which express LHX6. LHX6 

is expressed in cells of a subregion of ventral-medial ganglion

ic eminence identity. Preferably this tissue type is comprised 

in the inventive tissue.  

Preferably the inventive first tissue, second tissue and/or 

bi- or multi-differentiated tissue comprises cells, which ex

press FoxG1. FoxG1 is expressed in cells of dorsal cortex iden

tity. Preferably this tissue type is comprised in the inventive 

tissue.  

Preferably the inventive second tissue and/or bi- or multi

differentiated tissue comprises cells, which express TBR1. TBR1
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is expressed in cells of dorsal forebrain identity. Preferably 

this tissue type is comprised in the inventive tissue.  

Preferably the inventive second tissue and/or bi- or multi

differentiated tissue comprises cells, which express TBR2. TBR2 

is expressed in cells of dorsal cortical identity. Preferably 

this tissue type is comprised in the inventive tissue.  

The inventive bi- or multi-differentiated tissue may contain 

a region of fusion between the tissue types reminiscent of the 

first and second tissue that gave rise to them. Such a region of 

fusion may allow the regions of the tissue types to be juxta

posed, resulting in a tissue that is a continuous tissue where 

one side is of the first tissue type, while the other side is of 

the second tissue type.  

Preferably, the first and/or second tissue expresses a de

tectable marker that is not expressed by the other from the 

group of the first and second tissue. The same applies to fur

ther tissues, if present, in preferred embodiments. The detecta

ble marker should not be confused with the expression marker of 

the preceding paragraph. The detectable markers here refer to a 

label that is introduced, such as for recombinant expression, 

into the cells of the first and/or second tissue as a label of 

said tissue. The emphasis is easy detection and measurement, 

such as in case of fluorescence markers. The detectable makers 

preferably provide an optical signal, such as a colour or fluo

rescence. The detectable marker may be used to track cells of 

the first or second tissue origin (tissue types) throughout the 

bi- or multi-differentiated tissue. As said, cells may migrate 

and travel between tissue types.  

The present invention also provides a bi- or multi

differentiated tissue obtainable by a method of the invention.  

According to the inventive method, when performed in vitro, then 

the tissue is also provided in vitro. Alternatively, it may be 

implanted into a non-human animal, such as a rodent.  

The invention provides a bi- or multi-differentiated tissue 

with at least two tissue types of different stages of differen

tiation, wherein at least one of the tissue types comprises ven

tral neuronal tissue and the at least another tissue type is 

substantially non-ventral but containing migrated cells from the 

ventral neuronal tissue constituting not more than 5% of the 

cells of the substantially non-ventral tissue. Also this tissue
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may be provided in vitro or implanted into a non-human animal, 

such as a rodent. In vitro means the same as mentioned above, 

preferably the tissue is provided in a container such as a vial.  

It may be provided in suspension or suspendable, i.e. not fixed 

to a wall of the container.  

Since the inventive tissue is the product of fusion of dif

ferent tissues according to the use of tissues that are devel

oped to different stages of differentiation, the inventive bi

or multi-differentiated tissue will reflect and comprise these 

different tissue fusions. Preferred are any stages of develop

ment as mentioned above, e.g. ventral or dorsal developed tis

sues. Other embodiments provide the fusion of healthy and dis

eased stages of development, such as diseases selected from neu

ropsychiatric diseases such as Epilepsy, Autism, and Schizophre

nia as mentioned above. Also, the fusion of two different dis

eased states is possible. Such fusions show characteristic cell 

migration or impairment thereof according to the disease. Migra

tion can be monitored in the other (usually healthy) tissue.  

Healthy means non-diseased state. Preferably the three dimen

sional matrix, such as a hydrogel, is still present in the bi

or multi-differentiated tissue.  

Preferably the non-human animal for implantation is immuno

compromised in order to avoid tissue rejection.  

Such a tissue constitutes a tissue wherein a ventral differ

entiated first tissue is fused with another not-ventral differ

entiated tissue, such as a dorsal differentiated second tissue 

or a neuronal differentiated tissue (without further ventral 

differentiation) is fused as discussed in more detail above. Of 

course, all preferred embodiments described above also relate to 

this tissue, especially the regions, sizes and detection marker 

or expression marker, etc. embodiments. E.g. at least one of the 

tissue types expresses a detectable marker, preferably a fluo

rescence marker, not expressed by another tissue type of the bi

or multi-differentiated tissue. This allows easy detection of 

said tissue and its cells, which may migrate to other tissue 

types. Preferably the tissue type with the marker is the ventral 

differentiated first tissue.  

The provided tissue may have migrating or migrated cells.  

Such cells may have moved to another tissue type that is sub

stantially non-ventral (e.g. dorsal). The migrated cells from
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the ventral neuronal tissue in the non-ventral tissue may con

stitute not more than 5% of the cells of the substantially non

ventral tissue (% of cell amounts of the non-ventral/second tis

sue). Preferably 5% or less, 4% or less, 3% or less, 2% or less 

or 1% or less or ventral cells, or generally cells of the first 

tissue are found in the non-ventral tissue or generally second 

or optionally further tissue (% in cell amounts of the tissue 

wherein the ventral/first tissue cells are found).  

The bi- or multi-differentiated tissue preferably has a size 

of 100 pm to 10 mm in its longest dimension, or any size, shape 

or volume mentioned already above. Preferred is as size of 250 

pm to 10 mm or 500 pm to 5 mm.  

The inventive bi- or multi-differentiated tissue may be pro

vided in form of a globular body, e.g. as described above in any 

of the given shapes or aspect rations (dimension ratios). The 

bi- or multi-differentiated tissue may also be provided as a 

tissue slice. A bi- or multi-differentiated tissue may be grown 

as detailed above and then a tissue slice may be obtained. Such 

a slice may have a thickness of e.g. 3 pm to 100 pm or 5 pm to 

50 pm or 10 pm to 30 pm, preferably about 20 pm. Other dimen

sions, e.g. the longest as mentioned above, may still be exhib

ited by the slice. Slicing is preferably performed in frozen 

state. Slices may be used to detect detection and/or expression 

markers in the tissue slice. Slices may be used for microscopic 

imaging.  

The tissue is considered an artificial tissue. "Artificial" 

means that it is grown in vitro and has certain characteristics 

of artificial cultures, like size, consistency, shape and cell 

organization. The shape may be irregular and different from nat

ural occurring tissues and cell organization may differ due to 

size restrains. In particular, "artificial" excludes naturally 

occurring tissues and organs and their parts, e.g. natural tis

sue slices. The three dimensional matrix may be still in the 

culture and/or the artificial tissue may have the shape deter

mined by growth in such a matrix. E.g. the culture may be ob

tainable by growth in a three dimensional matrix, especially 

those as described above. Preferably, the inventive tissue is an 

organoid, especially a cerebral organoid).  

The tissue may be of any tissue type mentioned above, such 

as neuronal tissue, connective tissue, hepatic tissue, pancreat-
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ic tissue, kidney tissue, bone marrow tissue, cardiac tissue, 

retinal tissue, intestinal tissue, lung tissue, and endothelium 

tissue; and may comprise any of the cells, e.g. stem cells men

tioned above.  

The invention provides an organoid fusion assay that allows 

analysis of human cortical interneuron migration. This technolo

gy enhances the repertoire of phenotypic assays available for 

cerebral organoids, and in turn the complexity of phenotypes 

that can be used to study the developmental cell biology of hu

man neurological diseases.  

E.g. a method of testing or screening a candidate compound 

for influencing development of bi- or multi-differentiated tis

sue is provided, said method comprises contacting cells or a 

tissue in a method of any one of the invention with the candi

date compound or contacting a tissue of the invention with the 

candidate compound and maintaining said contacted tissue in cul

ture, and observing any developmental changes in the tissue as 

compared to said tissue without contacting by said candidate 

compound.  

The contacting step is a treating step of cells to be devel

oped into the inventive tissue or of a tissue or its precursor 

tissues (like the first, second and/or any further tissues). The 

candidate compound may be a small organic molecule, such as mol

ecules with a mass of 100 Da to 5000 Da. Other candidate com

pounds may be biomolecules such as proteins, nucleic acids or 

carbohydrates. Further candidate compounds may be bulk chemicals 

such as solvents, like ethanol - of course used in concentra

tions generally viable for cells - or polymers. The treatment 

should be in a concentration wherein a specific effect of the 

compound can be expected. Various concentrations may be tested 

in parallel. Usually concentration of candidate compounds is 1 

ng/ml to 100 mg/ml, e.g. of 100 ng/ml to 1 mg/ml.  

In particular preferred, the inventive methods or tissues 

can be used to test for side effects in drug candidates as can

didate compounds. Preferably, causes, the nature and possible 

cures for congenital disorders are investigated by monitoring 

for any changes. For example, teratogenic effects can be tested 

by monitoring the development and/or growth of the inventive 

tissue when contacted by a potentially causative sub

stance/environmental change/genetic modification.
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By this method, developmental effects or disorders influ

enced by candidate compounds or other environmental influences 

can be investigated. If an effect is only expected during ini

tial differentiation, e.g. when differentiating and growing a 

cell to the first/and or second or optionally further tissue, it 

is sufficient to contact the cell. If an effect is expected dur

ing later differentiation and/or cell arrangement or growth af

ter differentiation (e.g. an organ specific teratogen), contact

ing the first and or second or optionally further tissues may be 

sufficient. It is also possible to contact the tissues after or 

during fusion. Of course, this can be combined with contacting 

during cell differentiation. Such a teratogenic compound is for 

example ethanol, which leads to fetal alcohol disorders such as 

fetal alcohol syndrome if an embryo or fetus is exposed to it 

during development. The effects of ethanol on developing tis

sues, e.g. brain tissues during development can be investigated 

with the inventive method.  

According to one preferment, the invention provides the 

method of investigating a developmental tissue effect comprising 

i) decreasing or increasing the expression in a gene of interest 

in a cell or ii) administering a candidate drug to the cells, at 

any stage during the inventive method, wherein said cell is cul

tured towards the of bi- or multi-differentiated tissue accord

ing to the invention, preferably during differentiation to the 

tissue types and/or fusion.  

Also provided is a method of screening a candidate therapeu

tic agent suitable for treating a developmental tissue defect of 

interest, comprising performing the inventive differentiation 

and/or fusion method and administering the candidate agent to 

said cells at any stage during the method (as above), preferably 

at all stages.  

Also provided is a method of testing a candidate drug for 

developmental effects, especially for congenital disorder ef

fects, comprising administering a candidate drug to a tissue ac

cording to the invention or during the methods (e.g. during dif

ferentiation, development of the first/second tissue, during fu

sion or after fusion) and determining an activity of interest of 

the cells of said tissue and comparing said activity to an ac

tivity of cells of a tissue without administering said candidate 

drug, wherein a differential activity (to a control) indicates a
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developmental effect.  

Further provided is a kit of compounds and substances. The 

kit may comprise means to perform any of the inventive methods.  

Of course not all substances need to be included since some are 

standard chemicals or usually available. Nevertheless, prefera

bly the core substances are provided. In other kits, rarer sub

stances are provided. Of course the inventive kits or their sub

stances may be combined. Components in the kit are usually pro

vided in separate containers, such as vials or flasks. Contain

ers may be packaged together. Preferably the kit comprises a 

manual or instructions for performing the inventive methods or 

their steps.  

Provided is a kit suitable for providing a tissue culture 

according to the invention. The kit may comprise a ventral dif

ferentiation inducer and a dorsal differentiation inducer, pref

erably a WNT inhibitor and/or a SSH enhancer as ventral differ

entiation inducer and preferably a SSH inhibitor as dorsal dif

ferentiation inducer. Also possible are neural growth or differ

entiation factors without ventral or dorsal differentiation ac

tivity. Such a kit may be used for neural differentiation, e.g.  

to generate cerebral organoids. In alternative kits growth or 

differentiation factors for any of the above mentioned tissues, 

tissue types and organs may be included.  

Preferably, the kit comprises a three dimensional matrix as 

described above, or their components to generate such a three 

dimensional matrix. Matrix components may be provided in solid 

state, such as lyophilized state to be reconstituted to the ma

trix, e.g. by hydration. Any matrix or their components as de

scribed above may be included in the kit. Preferably the matrix 

is a hydrogel, especially a collagenous hydrogel as described 

above. The kit may comprise such reconstitutable (preferably 

collagenous) components. Further preferred matrix components are 

carbohydrates, in particular in polymeric form (polysaccha

rides). A preferred polysaccharide is agarose.  

Any kit may further comprise cell growth nutrients, prefera

bly DMEM/F12, fetal bovine serum, basic fibroblast growth factor 

(bFGF), 2-mercaptoethanol, or any combination thereof. Any com

pound mentioned in the examples can be included in the kit.  

It is contemplated that any method or product described 

herein can be implemented with respect to any other method or
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product described herein and that different embodiments may be 

combined.  

The claims originally filed are contemplated to cover claims 

that are multiply dependent on any filed claim or combination of 

filed claims. It is contemplated that any embodiment discussed 

herein can be implemented with respect to any method or product 

of the invention, and vice versa. Any embodiment discussed with 

respect to a particular condition can be applied or implemented 

with respect to a different condition. Furthermore, compositions 

and kits of the invention can be used to achieve methods of the 

invention.  

"Comprising" is understood as an open ended term, i.e. al

lowing further components or steps of substance. "Consisting of" 

is understood of a closed term without any further components or 

steps of substance.  

Throughout this application, the term "about" may be used to 

indicate that a value includes the standard deviation of error 

for the device or method being employed to determine the value 

or in a set value may refer to ± 10%.  

The present invention is further illustrated by the follow

ing figures and examples, without being restricted to these em

bodiments of the invention.  

Figures: 

Figure 1. Ventral drug-treatment produces ventral-forebrain 

containing cerebral organoids. (A) Schematic of cerebral organ

oid protocol with ventral drug-patterning application (2.5pM 

IWP2 and 100nM SAG) during the neural induction step. (B) Sche

matic of a human coronal brain slice indicating the regional ex

pression of the patterning markers used for qPCR/IHC analysis.  

(C) qPCR analysis of the expression of different brain regional 

markers showing an increase in ventral and decrease in dorsal 

forebrain identity in ventral cerebral organoids. Values are 

plotted as relative expression level (2 -"c) to the reference gene 

TBP. Each data point corresponds to a pooled batch of 8-10 or

ganoids. Data is represented as mean±SD, and statistical signif

icance was tested using the student's t-test (df=9) for control 

(n=6 batches) versus IWP2+SAG (n=5 batches) treatment. (D-E) 

Widefield images of immunostaining analysis of control and ven

tral cerebral organoids indicating the ventral-forebrain identi-
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ty of ventral organoids (D), and the dorsal-forebrain identity 

of control organoids (E). Scale bars are 200pm.  

Figure 2. Fusion of cerebral organoids allows cell migration 

between ventral and dorsal forebrain tissue. (A) The experi

mental outline of the cerebral organoid fusion co-culture meth

od. (B) Representative widefield images at different stages 

throughout the organoid fusion procedure. (C) Tile-scan image of 

an immunostained cryosection of a ventral::dorsal organoid fu

sion indicates the combination of ventral (NKX2-1) and dorsal 

(TBR1) regions. (D) Immunostained ventral::dorsal organoid fu

sion cryosections from organoids of different ages shows the 

time course of GFP cells migrating from ventral into dorsal tis

sue. (E) The GFP cell density in dorsal tissue was quantified in 

sections from 32 (n=3 organoids) 46 (n=3), 58 (n=4), and 80 

(n=4) day-old organoids. The data is presented as mean±SD and 

statistical significance tested using the one-way ANOVA 

[F(3,10)=12.59, p=0.0010] with posthoc Tukey's test for between 

group comparisons. Scale bars are 500pm.  

Figure 3. Mixing the tissue components of cerebral organoid 

fusions indicates the most robust migration from ventral into 

dorsal regions. (A) Cerebral organoid fusions were created con

taining different combinations of ventral (V), control (C) or 

dorsal (D) treated tissue. The components were labeled with ei

ther GFP (green) or tdTomato (red). (A) Whole mount images of 

~80 day old organoid fusions show the emergence of GFP spots 

(arrows) in tdTomato+ tissue in ventral-control and ventral

dorsal organoid fusions. (B) Tile-scan confocal images of im

munostained mixed organoid fusion cyrosections shows migration 

of GFP cells across the midline (dashed line) into the GFP- or

ganoid. (C) Quantification of GFP cell density in GFP tissue 

from tissue sections. Each data point corresponds to an individ

ual organoid, and the data is represented as mean±SD with sta

tistical significance tested using one-way ANOVA [F(3,19)=8.214, 

p=0.0010] with posthoc Tukey's test for between group compari

sons. The ventral::control (n=7 organoids) and ventral::dorsal 

(n=8) fusions show the most migration of GFP cells compared to 

control::control (n=4) and dorsal::dorsal (n=4) fusions. Scale 

bars are 500pm.  

Figure 4. GABAergic interneurons migrate between fused dor

sal-ventral cerebral organoids. (A) A whole organoid confocal
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tile-scan image of an immunostained 80-day old ventral::dorsal 

organoid fusion cryosection. GFP+ cells can be observed migrating 

across the fusion midline (dashed line) from GFP ventral into 

GFP dorsal tissue. The GABAergic marker GAD1 can be observed in 

a similar pattern as GFP (arrowheads). (B-C) A magnified view of 

peripheral (B) and internal regions (C) of the organoid fusion 

in (A). GFP cells expressing GAD1 can be observed in both re

gions (arrows). (D) A confocal image of GFP/RELN immunostaining 

in the dorsal region of an 80-day old ventral::dorsal organoid 

fusion cryosection showing that migrated GFP cells (arrows) do 

not express RELN. (E) A confocal image of GFP/DCX/NeuN im

munostaining in the dorsal region of a 58-day old ven

tral::dorsal organoid fusion cryosection showing that migrating 

GFP+ cells are DCX+ immature neurons (yellow arrows), and some 

are mature (DCX+/NeuN) neurons (blue arrows). Scale bars are (A) 

500pm, (B-E) 20pm.  

Figure 5. Migrating interneurons in ventral::dorsal cerebral 

organoid fusions express various interneuron subtype markers.  

(A-H) Confocal images of immunostaining in dorsal regions of 80

day old ventral::dorsal organoid fusion cryosections. Expression 

of the GABAergic markers GAD1 or VGAT were used to identify in

terneurons. Examples of various migrated GFP interneurons ex

pressing either GAD1 or VGAT were observed expressing the MGE

derived interneuron marker SOX6 (A) or subtype markers SOM (B), 

NPY (C), CB (D), and PV (E). Migrated GFP+ interneurons also ex

pressed the LGE/CGE-derived interneuron markers SP8 (F), COUP

TFII (G), or the subtype marker CR (H). Scale bars are 20pm. Ab

breviations: SOM=somatostatin, NPY=neuropeptide Y, CB=calbindin, 

PV=parvalbumin, CR=calretinin, VGAT=vesicular GABA transporter, 

GAD1=glutamate decarboxylase 1.  

Figure 6. Migrating cells in cerebral organoid fusions ex

hibit the migratory dynamics of tangentially migrating interneu

rons and are sensitive to CXCR4 activity. (A) A schematic repre

sentation of the organoid fusion slice culture assay for either 

short-term time-lapse imaging of migratory dynamics, or long

term drug-treatments. A representative tile-scan image of an en

tire ventral::dorsal organoid fusion slice is shown with the 

ventral GFP regions labeled in green and the unlabeled or 

tdTomato dorsal regions outlined in red. A region containing the 

migrating cell shown in (B) is noted by a yellow box. (B) Still
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images from a 3-day time-lapse experiment showing a migrating 

GFP+ cell. The branched leading process exhibits both extending 

(closed arrowheads) and retracting (open arrowheads) branches as 

the cell body follows one of the leading processes. (C) An ex

tending neurite (closed arrowhead) with a tuft that appears to 

be an axon growth cone travels in one direction across the field 

of view. (D) A widefield image of GFP cells that migrated into 

the tdTomato+ dorsal region (red outline) from long-term organoid 

fusion slice cultures that were either untreated (control) or 

treated with a the CXCR4 inhibitor (AMD3100). (E) Quantification 

of the migrated GFP cell density with data represented as 

mean±SD with statistical significance tested using the student's 

t-test (df=4) comparing control (n=3 organoids) to AMD3100 (n=3) 

treatment. Each data point represents a one slice from individu

al organoids. Fewer migrating cells are observed in AMD3100

treated slice cultures. Scale bars are (A) 500pm, (B-C) 50pm, 

and (D) 500pm.  

Examples 

Example 1:Cell culture 

Feeder-dependent human induced pluripotent stem cells (hiP

SCs) (Systems Biosciences, cat. no. SC101A-1) were obtained from 

System Biosciences with pluripotent verification and contamina

tion-free. Feeder-dependent hiPSCs were cultured with irradiated 

mouse embryonic fibroblast (MEF) feeder cells (MTI-GlobalStem, 

cat. no. 6001G) on gelatin coated (0.1% gelatin in PBS) 6-well 

culture plates using human embryonic stem cell _hESC medium: 

DMEM/F12 (Invitrogen) containing 20 ng/mL bFGF (produced by IMBA 

institute Molecular Biology Service core facility), 3.5pL/500mL 

media of 2-mercaptoethanol, 20% KnockOut Serum (Invitrogen), 1% 

GlutaMAX (Invitrogen), 1% MEM-NEAA (Sigma), and 3% FBS). Feeder 

free H9 human embryonic stem cells (hESCs) were obtained from 

WiCell with verified normal karyotype and contamination-free.  

Feeder-free hESCs were cultured on hESC-qualified Matrigel 

(Corning cat. no. 354277) coated 6-well plates using mTeSR1 

(Stemcell Technologies). All stem cells were maintained in a 5% 

CO 2 incubator at 37°C. Standard procedures were used for cultur

ing and splitting hPSCs as explained previously (Lancaster & 

Knoblich Nat Protoc 9, 2329-2340 (2014)). All cell lines were 

routinely tested for contamination and confirmed mycoplasma-
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negative.  

Example 2: Cloning/Molecular biology/Generating hPSC lines 

For ubiquitous fluorescent labeling of cells, a reporter 

construct was inserted into the safe-harbor AAVS1 locus in hPSCs 

as done previously with TALEN technology (Hockemeyer et al. Nat.  

Biotechnol. 27, 851-857 (2009)) using the AAVS1 SA-2A-Puro donor 

vector as a template. A modified backbone was created containing 

flanking tandem repeats of the core chicken HS4 insulator 

(2xCHS4). Fluorescent reporter expression cassettes were insert

ed between the flanking insulator sequences. The following ex

pression constructs were inserted into iPSCs: 1) 2xCHS4-EFla

eGFP-SV40-2xCHS4, 2) 2xCHS4-EFla-tdTomato-SV40-2xCHS4. In feed

er-free H9 hESCS, a 2xCHS4-CAG-eGFP-WPRE-SV40-2xCHS4 construct 

was inserted to enhance the GFP expression for time-lapse imag

ing experiments.  

hPSCs were prepared for nucleofection as a single-cell sus

pension using the same cell dissociation procedures as for mak

ing EBs". The Amaxa nucleofector (Lonza) was used with Stem Cell 

Kit 1 using 800,000 cells per nucleofection containing 1pg each 

of the TALEN guides, and 3pg of the donor plasmid DNA following 

manufacturer guidelines. After nucleofection, 200pL of the total 

600 pL nucleofection solution was plated onto a 10 cm cell cul

ture dish. Colonies from single cells were grown for 4 days, and 

then treated with puromycin (Puro) (Jena Bioscience, cat. no.  

NU-931-5). For feeder-dependent cells, 1.1 pg/mL puro was ap

plied, and for feeder-free cells 0.7 pg/mL was applied. The puro 

treatment continued for 5-7 days until the surviving colonies 

were large enough to be picked manually and transferred into a 

24-well plate. When splitting the colonies from a 24-well plate, 

half of the cells were used for genotyping, while the other half 

was expanded into 12 and then 6-well formats, and then used for 

further experiments. For genotyping, DNA was extracted using the 

QuickExtract solution (EpiCentre), and PCR was performed using 

the following primers to identify correctly targeted AAVS1 in

sertions: 1) Puro (AAVS1_Puro-fwd: tcccctcttccgatgttgag (SEQ ID 

NO: 1) and AAVS1_Puro-rev: gttcttgcagctcggtgac (SEQ ID NO: 2)), 

2) eGFP (AAVS1 eGFP-fwd: GAACGGCATCAAGGTGAACT (SEQ ID NO: 3) and 

AAVS1_eGFP-rev: cttcttggccacgtaacctg (SEQ ID NO: 4)), and 3) 

tdTomato (AAVS1_tdTomato-fwd: ctacaaggtgaagatgcgcg (SEQ ID NO:
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5)) and (AAVS1_tdTomato-rev: tccagcccctcctactctag (SEQ ID NO: 

6)). To determine whether the insertion was heterozygous or ho

mozygous, the presence of a WT allele was tested using addition

al PCR primers: 4) WT (AAVS1_WT-fwd: tcccctcttccgatgttgag (SEQ 

ID NO: 7), and AAVS1_WT-rev: tccagcccctcctactctag (SEQ ID NO: 

8)). Cell clones with correctly targeted heteroyzygous or homo

zygous insertions were archived by freezing with Cell Banker 2 

solution (Amsbio, cat. no. 11891) and/or cultured for further 

experiments.  

Example 3:Cerebral organoid generation and fusion 

Cerebral organoids were generated following the previous 

protocol described in W02014/090993, Lancaster et al., Nature 

501, 373-379 (2013), Lancaster & Knoblich, Science 345, 1247125

1247125 (2014) and Lancaster & Knoblich, Nat Protoc 9, 2329-2340 

(2014) with slight modifications. A drug-patterning treatment 

was applied during the neural induction step of the protocol 

(-day 5-11) using one of the following treatments: 1) Control, 

no drugs, 2) Ventral, 2.5pM IWP2 (Sigma, cat. no. 10536) and 

100nM SAG (Millipore, cat. no. 566660), 3) Dorsal, 5pM CycA 

(Calbiochem, cat. no. 239803). Stock drug solutions were created 

as follows: IWP2 (5mM in DMSO), SAG (1 mM in H 2 0), and CycA (5 mM 

in DMSO). Following embedding in Matrigel (Corning, cat. no.  

356235), organoids were grown in 10 cm cell culture dishes con

taining 25 mL of differentiation medium, and after the first me

dia exchange maintained on an orbital shaker with medium ex

change every 5-7 days. After day 40 of the protocol, when organ

oids begin to grow out of the Matrigel droplet, the differentia

tion medium was supplemented with 1% Matrigel.  

To create organoid fusions, EBs were grown separately and 

individually patterned using either control, dorsal, or ventral 

protocols as described above. During Matrigel embedding, two EBs 

were transferred into the same parafilm well and embedded in a 

single droplet (~30 pL) of Matrigel. The EBs were gently pushed 

as close together as possible using a 20 pL pipet tip to ensure 

the EBs would remain in close proximity within the middle of the 

solidified Matrigel droplet.  

Example 4:RNA extraction/qPCR 

For each drug-patterning treatment group, 8-12 organoids
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were collected at day 30-40 into 2 mL RNAse-free tubes and 

chilled on ice throughout the procedure. The organoids were 

washed 3x in cold PBS, then the Matrigel was dissolved by incu

bating the organoids in chilled Cell Recovery Solution (Corning, 

cat. no. 354253) for 1 hr at 40C. The dissolved Matrigel was re

moved by rinsing 3x in cold PBS. RNA was extracted using the 

RNeasy mini kit (Qiagen). cDNA synthesis was performed using 2 

pg of total RNA and the Superscript II (Invitrogen) enzyme ac

cording to the manufacturer protocols. qPCR reactions were per

formed using Sybr Green master mix (Promega) on a BioRad 384

well machine (CXF384) using the following reaction protocol: 1) 

95°C for 3min, 2) 95 °C for 10s, 3) 62 °C for 10s, 4) 72 °C for 

40s, 5) go to 2, 40 cycles, 6) 95°C for 1min, 7) 50 °C for 10s.  

Quantification was performed in excel by calculating the ACt 

value using TBP as a reference gene. Data is presented as ex

pression level (2 -"c) relative to TBP.  

Example 5:Cerebral Organoid Slice Culture and Drug-treatment 

Slice cultures were generated by vibratome sectioning organ

oid fusions. The organoid fusion tissue was embedded in 4% low 

melt agarose (Biozym, cat. no. 850080), and sectioned in ice

cold PBS (without Ca2 /Mg+) to create 200-250 pm sections. The 

sections were transferred onto Millicell organotypic inserts 

(Millipore, cat. no. PICM01250) in 6-well cell culture plates.  

For time-lapse imaging, sections were cultured for 1-2 days be

fore mounting for imaging using a spinning disk confocal micro

scope (VisiScope). Sections were cut away from the culture in

sert membrane and inverted onto a glass-bottom dish. The section 

was immobilized by placing a cell culture insert on top of the 

section, and attaching it to the dish using vacuum grease. For 

drug-treatment, long-term slice cultures were initially cultured 

overnight in differentiation media (+5% FBS). Then the media was 

exchanged for fresh media (control) or media containing the 

CXCR4 inhibitor AMD3100 (Sigma, #A5602) and cultured for an ad

ditional 3 weeks before tissue fixation and further immunofluo

rescent processing.  

Example 6:Histology/Cryosectioning/Immunofluorescence 

Organoid tissue was collected at the desired age, rinsed 3x 

in PBS, and fixed in 4% PFA overnight at 4 0 C. The next day the
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tissue was rinsed 3x in PBS, and cryoprotected in 30% sucrose in 

PBS overnight at 40C. Then the tissue was incubated 2-4 hours in 

a 1:1 mixture of 30% sucrose/PBS and O.C.T. cryoembedding medium 

(Sakura, cat. no. 4583). Next, groups of 2-4 organoids were 

transferred from the sucrose/OCT mixture into a cryomold and 

filled with O.C.T. The embedded tissue was frozen on dry ice, 

then placed in -80°C for long term storage until cryostat sec

tioning. Frozen organoid tissue was sliced into 20 pm sections 

using a cryostat (Leica), and collected on superfrost Ultra Plus 

slides. Tissue sections were arranged such that every 1 0th slice 

was collected sequentially until each slide contained 8-10 sec

tions per block of tissue. The sections were dried overnight, 

and then used for immunofluorescent labeling, or stored at -20°C 

until ready to stain.  

Immunofluorescence was performed on tissue sections directly 

on slides. The O.C.T. was removed by washing 10 minutes in PBS 

using a slide rack (Sigma, Wash-N-Dry). The sections were post

fixed directly on the slides using 4% PFA for 10 minutes at RT 

followed by washing 3x10 minutes in PBS. The tissue area was 

outlined using a hydrophobic PAP pen. Permeabilization/blocking 

was performed using 5% BSA/0.3% TX100 in PBS with 0.05% sodium 

azide and incubated 30 minutes at room temperature (RT) within a 

dark humidified slide box. Primary antibodies (a table of used 

primary and secondary antibodies can be found at the end of the 

method section) were added at the desired dilutions in antibody 

solution (5% BSA, 0.1% TX100 in PBS with 0.05% sodium azide) and 

incubated overnight at 40C. Slides were rinsed 3x in PBS and then 

washed 3x10 minutes in PBST at RT on an orbital shaker. Second

ary antibodies were added at 1:500 in antibody solution and in

cubated at RT for 2 hours. DAPI solution (2 pg/mL) was added for 

5 minutes, then slides were washed as done after primary anti

body application, with the final washing using PBS. Coverslips 

were mounted using DAKO mounting medium (Agilent Pathology Solu

tions, cat. no. S3023) and allowed to harden overnight. Slides 

were then stored at 40C until imaging, or at -20°C for long-term 

storage.  

For long-term slice cultures, slices grown on cell culture 

inserts were rinsed in PBS, and then fixed in 4% PFA for 2 days 

at 40C. The sections were washed 3x10 minutes in PBS, then perme

abilized/blocked as performed for cryosections on slides. Prima-
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ry and secondary antibody incubations were performed overnight 

at 40C, followed by washing 3x10 minutes in PBS after each step.  

The sections were mounted in Vectashield containing DAPI (Vector 

Labs).  

Example 7: Imaging/Microscopy 

Fluorescent cell culture imaging was performed using a Zeiss 

Axio Vert.Al widefield microscope and an Axiocam ERc 5s camera 

(Zeiss, Zeiss GmbH) using Zeiss Plan-Neofluar 2.5x 0.085 and 

Zeiss LD A-Plan lOx 0.25 Phl objectives. Both tdtomato and GFP 

channels were recorded separately and subsequently pseudocolored 

and merged using the Fiji package of ImageJ.  

Widefield imaging of IHC stainings and long-term slice cultures 

was performed using an Axio Imager Z2 (Zeiss, Zeiss GmbH) using 

a Sola SM2 illumination source, (5x 0.15 plan-neofluar, lOx 0.3 

plan-neofluar, 20x 0.5 plan-neofluar) objective and a Hamamatsu 

Orca Flash 4 camera. Filters used were Ex360/40nm Em 445/50nm, 

Ex480/40nm Em 535/50nm and Ex560/55nm Em 645/75nm.  

Confocal imaging was performed using a Zeiss LSM700 AxioImager 

with a 20x 0.8 plan-apochromat dry objective. Lasers of 405nm 

(5mW), 488nm (10mW), 555nm (10mW) and 639nm (5mW) together with, 

corresponding to wavelength, filters SP490, SP555, SP640 and 

LP490, LP560, LP640 were used for recording. For whole organoid 

tile scans the XY Scanning Stage and the Zeiss Zen implemented 

stitching algorithm was used. For colocalization of markers, Z

scans at 20x were performed.  

Imaging of GFP stained slides used for cell density counting, 

and time-lapse migration were acquired using a Yokogawa Wi spin

ning disk confocal microscope (VisiScope, Visitron Systems GmbH, 

Puchheim, Germany) controlled with the Visitron VisiView soft

ware and mounted on the Eclipse Ti-E microscope (Nikon, Nikon 

Instruments BV) using ex 488 laser and em filter 525/50. Meas

urements were recorded using the lOx 0.45 CFI plan Apo lambda 

(Nikon, Nikon Instruments BV) objective with the sCMOS camera 

PCO edge 4.2m. Whole IHC slice imaging for cell counting was 

performed using the tile scan acquisition function. Tile scans 

were then stitched using the Grid/Collection stitching plugin 51 

in Fiji. For time lapse movies, tile scan Z-stacks were record

ed. After stitching as performed for cell counting, a maximum Z

projection was created, and the Z-projection time stacks used
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for global visualization of cell migration. Cropped regions were 

created using Fiji and saved as uncompressed AVI files. The AVI 

files were converted to the mp4 format using Handbrake software 

to generate the supplemental movies.  

For generation of figures and presenting images, the "crop" 

function, and changing the max/min levels using the "Bright

ness/Contrast" function of Fiji were used.  

Example 8:Cell density quantification 

The number of GFP cells migrating into GFP target regions 

of cerebral organoid fusions was counted manually using the 

"Cell Counter" plugin of Fiji. The GFP area in organoid fusions 

was outlined with the ROI tool and the area calculated using the 

"measure" function. The cell counts were divided by the area to 

determine the density of migrated GFP cells. For the migration 

time course (Figure 2E,F) and organoid fusion mixing (Figure 

3B,C) experiments, confocal tile scan images of tissue cryosec

tions were used for quantification. For the long-term slice cul

ture experiment (Figure 6D,E), a wide-field 5x image containing 

the GFP region was used for counting.  

Example 9:Statistics 

All graphs and statistical analyses were generated using 

Prism 7 (GraphPad). When comparing only two groups (Figure 1C, 

6E) an unpaired two-tailed Student's t-test was performed, for 

the remaining data comparing multiple groups a one-way ANOVA 

with posthoc Tukey's test was used (Figure 2F, 3C). Samples were 

tested for normality prior to testing statistical significance.  

No statistical methods were used to predetermine the sample 

size. Sample sizes for experiments were estimated based on pre

vious experience with a similar setup that showed significance.  

Experiments were not randomized and investigator was not blind

ed.  

Primary Antibodies 

Species Antigen Company Catalog no. Dilution 

Rb FoxGl Abcam ab18259 1:200 

Rb TBR1 Abcam ab31940 1:300 

Rb PV Swant PV27 1:1000 

Rb Calbindin Swant CD38a D-28K 1:1000
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Ms Calretinin Swant ? 1:1000 

Ms GAD1/GAD67 Millipore MAB5406 1:800 

Rb VGAT Synaptic 131 013 1:500 

Systems 

Chk GFP Abcam ab13970 1:1000 

Rb NPY Abcam ab30914 1:1000 

Ms Reelin Millipore MAB5366 1:200 

Rb SOX6 Abcam ab30455 1:500 

Ms COUP-TFII Perseus 1:300 

Proteomics 

Gt Sp8 Santa Cruz sc-104661 1:300 

Rb VIP Immunostar 20077 1:750 

Gt DCX Santa Cruz sc-8066 1:200 

Ms NeuN Millipore MAB377 1:500 

Rat SOM Millipore MAB354 1:200 

Ms Nkx2.1 Dako M3575 1:50 

Ms PAX6 DSHB PAX6-s 1:200 

Rb DsRed/tdtomato Clontech 632496 1:250 

Secondary Antibodies 

Host Recog- Fluophore Company Catalog Dilu

nizes no. tion 

Donkey rabbit Alexa Fluor 568 Invitrogen A10042 1:500 

Donkey rabbit Alexa Fluor 647 Invitrogen A31573 1:500 

Donkey mouse Alexa Fluor 568 Invitrogen A10036 1:500 

IgG 

Donkey mouse Alexa Fluor 647 Invitrogen A31571 1:500 

IgG 

Donkey chicken Alexa Fluor 488 Jackson 703-605- 1:500 

Immuno 155 

Donkey goat Alexa flour 647 Invitrogen A21447 1:500 

Donkey rat Alexa Fluor 647 Jackson 712-605- 1:500 

Immuno 150 

qPCR Primers 

Gene Primer 1 sequence Primer 2 sequence 

ACGTCCCTTACTCCGCCAAG AGTAGATGGTGCGGGGTTTCC 

DLX2 (SEQ ID NO: 9) (SEQ ID NO: 10)
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TGGCCCATGTCGCCCTTCCT GCCGACGTGGTGCCGTTGTA 

FOXG1 (SEQ ID NO: 11) (SEQ ID NO: 12) 

CACCGCCACCACCTACAAC CAGGAGTTGCGTGCTAGTGA 

GSX2 (SEQ ID NO: 13) (SEQ ID NO: 14) 

CCGTCTGCAGGCAAGAACAT GACACACGGAGCACTCGAG 

LHX6 (SEQ ID NO: 15) (SEQ ID NO: 16) 

GCCGTACCAGGACACCATG ATGTTCTTGCTCACGTCCCC 

NKX2-1 (SEQ ID NO: 17) (SEQ ID NO: 18) 

GGGCACCACTCCACTGTATC CGAAGTGCAATGGTCTTTAGG 

TBP (SEQ ID NO: 19) (SEQ ID NO: 20) 

CTCAGTTCATCGCCGTCACC AGCCGGTGTAGATCGTGTCATA 

TBR1 (SEQ ID NO: 21) (SEQ ID NO: 22) 

Example 10: Differentiation by drug-patterning of cerebral or

ganoid tissues enhances the production of ventral forebrain 

identity.  

The cerebral organoid method (W02014/090993, Lancaster et 

al., both Lancaster & Knoblich, all supra) is capable of produc

ing many different brain regions, including dorsal and ventral 

forebrain. As it relies on intrinsic patterning, however, the 

production of some regions is variable and infrequent, especial

ly more ventral (NKX2-1+) interneuron progenitor regions. To in

crease the consistency and yield of ventral-forebrain interneu

ron progenitor regions, we included a ventral drug-treatment 

(Figure 1A). We utilized a combination of WNT-inhibition and en

hanced SHH signaling to promote a rostro-ventral forebrain iden

tity. qPCR analysis of the ventral organoids revealed a signifi

cant increase in expression of the forebrain marker FOXG1 (Fig

ure 1B,C). The dorsal forebrain marker TBR1 became undetectable, 

while the ventral forebrain marker DLX2 was dramatically in

creased in ventral organoids compared to control organoids (Fig

ure 1B,C). To further confirm the successful ventralization of 

cerebral organoid tissue, we examined the expression of specific 

markers of ventral forebrain ganglionic eminence (GE) subregions 

that produce interneurons of different subtypes. GSX2 is ex

pressed in the dorsal-lateral GE (LGE) and caudal GE (CGE), 

NKX2-1 is expressed in the ventral-medial GE (MGE), while LHX6 

is expressed in a subregion of the MGE producing more ventral

derived MGE (vMGE) interneurons (Figure 1B). GSX2 was expressed 

in control organoids, but further increased in ventral organoids
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(Figure 1C). Expression of NKX2-1 and LHX6 was undetectable in 

control organoids, but largely increased in ventral organoids 

(Figure 1C). Finally, immunostaining confirmed the qPCR results 

indicating widespread expression of FOXG1 in control and ventral 

organoids, but only ventral organoids expressed the ventral 

forebrain marker NKX2-1 (Figure 1D). Intriguingly, control or

ganoids widely expressed dorsal forebrain markers for both pro

genitors (PAX6) and early born neurons (TBR1) (Figure 1E). In 

contrast, ventral organoids contained only small regions of PAX6' 

or TBR1§ tissue (Figure 1E). Therefore, these results confirm the 

successful production of ventral cerebral organoids at the ex

pense of dorsal tissue upon ventral drug-treatment.  

Example 11: Fused cerebral organoid tissues recapitulate a con

tinuous dorsal-ventral forebrain axis and long-distance cell mi

gration.  

To recreate the complete dorsal-ventral identity axis in a 

single tissue, we developed an organoid tissue co-culture meth

od, which we termed organoid "fusion". Control organoids pro

duced mostly dorsal forebrain tissue (Figure 1C,E). However, in

hibition of SHH activity with the smoothened receptor inhibitor 

cyclopamine A (CycA) can enhance dorsal forebrain identity in 2D 

neuronal differentiation from hPSCs. Therefore, to support dor

sal identity, organoids were treated with CycA during the neural 

induction step of the cerebral organoid protocol (Figure 2A). In 

this approach, embryoid bodies (EBs) are individually differen

tiated and patterned into either dorsal (CycA) or ventral 

(IWP2+SAG) forebrain organoids (Figure 2A,B). After differentia

tion treatments, a ventral and a dorsal EB are embedded together 

within a single Matrigel droplet (Figure 2A), and over time the 

organoids grow together and become fused (Figure 2B). Im

munostaining of fused ventral::dorsal organoids revealed the 

production of a continuous tissue where one side was highly pos

itive for the ventral marker NKX2-1, while the opposite side was 

positive for the dorsal marker TBR1 (Figure 2C). Therefore, the 

organoid fusion method allows dorsal and ventral forebrain re

gions to be juxtaposed in an arrangement similar to that occur

ring during brain development.  

To test whether cells could migrate between the fused organ

oids we used cell lines containing a ubiquitous GFP reporter to
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create ventral/GFP::dorsal organoid fusions. Immunofluorescent 

analysis showed many GFP cells from the ventral organoid within 

the GFP dorsal organoid (Figure 2D). Migrating cells were ob

served in small numbers around day 30 (Figure 2D,E). Their den

sity drastically increased from day 30 to 46, but we did not ob

serve a significant increase from day 46 to 80 (Figure 2E).  

Since the organoids increase in size with age, the absolute num

bers of migrated cells must increase over time to maintain a 

similar density. Moreover, the cells appeared more dispersed 

throughout the dorsal regions in 80 day old organoids (Figure 

2D). Therefore, based on these results, we focused our future 

analysis on organoids older than 60 days old.  

Example 12: Mixing the tissue components of cerebral organoid 

bi-differentiated fusions indicates directed ventral-to-dorsal 

cortical cell migration.  

During in vivo brain development, GABAergic interneurons 

originate in ventral forebrain progenitor regions before they 

migrate to their dorsal forebrain target. To test whether this 

directionality is recapitulated in fused organoids, we varied 

the identities of their individual tissue components (Figure 3).  

We consistently labeled one organoid with GFP and the other with 

tdTomato, and delineated the fusions in an origin::target 

(GFP::tdTomato) arrangement. Using this paradigm, we analyzed 

the number of migrating cells when differentially controlling 

the dorsal/ventral identity of the origin and target regions of 

cerebral organoid fusions. Whole-mount imaging of ven

tral::control and ventral::dorsal fusions indicated the occur

rence of GFP spots within the tdTomato+ tissue (Figure 3A). Con

versely, the spots were rarely observed in control::control or 

dorsal::dorsal fusions (Figure 3A). This difference was even 

more striking when analyzing immunostained cyrosections of or

ganoid fusion tissue. The highest amount of migrating cells oc

curred in ventral::control and ventral::dorsal fusions, while 

the least migration occurred in dorsal::dorsal fusions (Figure 

3B,C). Although the average density of migrating cells in ven

tral::control fusions was not significantly different than ven

tral::dorsal fusions, the ventral::dorsal fusions more consist

ently contained a high amount of migrating cells (Figure 3C).  

These data confirm our initial observation of directionally bi-
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ased migration from ventral into dorsal organoid tissue, and 

strongly suggests that the migration between fused organoids re

sembles interneuron migration. Finally, this experiment shows 

that ventral::dorsal fused organoids produce the most robust mi

gration between organoid tissues.  

Example 13: GABAergic interneurons migrate between fused cere

bral organoid tissues.  

Since example 12 suggested that the migration in ven

tral::dorsal organoid fusions resembles interneuron migration, 

we first tested whether the migrating cells were GABAergic by 

examining whether the migrating GFP cells expressed GAD1, one of 

the key enzymes for the synthesis of GABA. Immunostaining re

vealed that the GFP cells that had migrated into the target or

ganoid broadly expressed GAD1 (Figure 4A-C). Strikingly, when 

visualizing the entire organoid, GAD1 was expressed in a similar 

pattern as the GFP migrating cells (Figure 4A). Additionally, 

the expression of GAD1 appeared stronger in regions near the 

edge of the organoid (Figure 4B), and farther away from the 

origin of the migrating cells. Therefore, interneurons can mi

grate from ventral into dorsal regions within organoid fusions.  

Another major population of tangentially migrating cells in 

the developing human brain are the non-GABAergic Cajal-Retzius 

cells. These cells are identified by the expression of Reelin 

(RELN). Therefore, we tested whether the migratory GFP cells in 

organoid fusions also express RELN. Surprisingly, we observed an 

apparent lack of expression of RELN by GFP cells (Figure 4D), 

despite the substantial presence of GFP , RELN cells in the dor

sal target region of organoid fusions. Thus, our data indicate 

that the migratory GFP+ cells in organoid fusions are not Cajal

Retzius cells, and in combination with our previous results 

strengthens their identity as GABAergic interneurons.  

Finally, we tested whether the migrating cells could produce 

mature neurons by analyzing their expression of the immature mi

grating neuron marker DCX, and/or the mature neuronal marker 

NeuN. We observed that the GFP cells expressed DCX (Figure 4E), 

confirming their neuronal identity, and a subset also expressed 

NeuN (Figure 4E). This finding indicates that the migrating GFP 

cells are migratory neurons (DCX+), but also that the migratory 

neurons can become mature neurons (DCX+/NeuN+). Taken together,
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our results show that interneurons can migrate between fused 

ventral-dorsal organoids, and can become mature neurons.  

Example 14: Migrating interneurons produce various LGE/CGE and 

MGE-derived cortical interneuron subtypes in fused cerebral or

ganoid tissues.  

Since the migrating GFP cells can become mature neurons 

(Figure 4E), and appear to be predominantly GABAergic interneu

rons (Figure 4A,B), we next tested which interneuron subtypes 

are produced. Interneurons are particularly heterogeneous and 

multiple molecular markers can be used to identify various sub

types that are generated by distinct progenitor subpopulations 

within the ventral forebrain. In humans, the majority of inter

neurons are generated from NKX2-1U regions of the MGE. We tested 

whether the migrating GFP+ cells produce MGE-derived interneuron 

subtypes. In humans, SOX6 is expressed in the MGE and in imma

ture and mature interneurons emerging from this region. In or

ganoid fusions, we observed multiple SOX6+ MGE interneurons among 

the GFP migrating cells GFP cells that were also GAD1+ (Figure 

5A). Therefore, MGE-derived interneurons can be generated within 

cerebral organoid fusions. To confirm this finding, we also ex

amined the expression of markers for MGE-derived interneurons.  

We observed expression of somatostatin (SOM) (Figure 5B), neuro

peptide Y (NPY) (Figure 5C) calbindin D-28k (CB) (Figure 5D), 

and parvalbumin (PV) (Figure 5E) by GFP+ migrated interneurons 

(GAD1+ or VGAT+). Therefore, in organoid fusion tissues, multi

ple MGE-derived interneuron subtypes can be generated.  

The remaining interneurons in the human brain arise from the 

LGE/CGE. Similar to SOX6 for MGE, the transcription factors 

COUP-TFII/NR2F2 and SP8 can be used as LGE/CGE fate-mapping 

markers for cortical interneurons. Both SP8 (Figure 5F) and 

COUP-TFII (Figure 5G) were expressed by GFP migrating interneu

rons (GAD1) in organoid fusions. As confirmation of this result, 

we also analyzed the expression of markers for LGE/CGE-derived 

subtypes. Our previous data already indicated a lack of RELN ex

pression by GFP migrating cells (Figure 4), which in addition to 

non-interneuron Cajal-Retzius cells is also expressed by subpop

ulations of GABAergic MGE and CGE-derived interneurons. We also 

did not observe any vasoactive intestinal peptide (VIP) express

ing GFP interneurons. However, we did observe calretinin (CR)
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expressing GFP+ interneurons (VGAT+) in organoid fusions (Figure 

5H). Collectively, these results indicate that organoid fusions 

contain many diverse interneuron subtypes originating from the 

major ventral forebrain subregions (MGE and LGE/CGE).  

Example 15: Neuronal migration in fused cerebral organoid tis

sues resembles the tangential migration of cortical interneu

rons.  

The migratory dynamics of tangentially migrating cortical 

interneurons has been extensively documented using time-lapse 

imaging experiments. This behavior differs from that of radially 

migrating cortical cells which move along a radial glia fiber, 

or that of linearly migrating cells, such as the chain migration 

observed in LGE-derived olfactory bulb interneurons. To deter

mine whether the behavior of migrating GFP cells in organoid fu

sions resembles that of cortical interneurons, we performed 

time-lapse recordings of migrating GFP cells in ventral-dorsal 

organoid fusion slice-cultures (Figure 6A). The GFP ventral 

origin region of the organoid fusion could easily be distin

guished from the GFP dorsal target region (Figure 6A). Thus, we 

could easily visualize the morphology of the sparsely labeled 

GFP+ cells which had migrated into the dorsal organoid fusion re

gion. Over 3 days, we observed both stationary and motile cells 

(Figure 6B), and surprisingly we also observed dynamic neuronal 

processes resembling axons that extended long distances (Figure 

6C). Strikingly, the migratory cells exhibited dynamics which 

exactly resembled the dynamics of migrating interneurons in the 

marginal zone (MZ) and intermediate zone (IZ) of embryonic mouse 

cortex. Migrating cells contained leading and trailing process

es. The leading process was usually branched, and the migratory 

direction was determined by the branch dynamics. For instance, 

we observed multiple examples of cells extending a branch in the 

future direction of travel while retracting a branch that was 

extended in an alternate direction (Figure 6B). In addition, 

cells migrated in multiple directions with frequent abrupt 

changes in direction, which resembles the multidirectional, wan

dering behavior exhibited by tangentially migrating cortical in

terneurons within the cortex.  

The chemoattractant SDF-1 (CXCL12) and its receptor CXCR4 

regulate the tangential migration of interneurons. To test if
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the migration we observed in cerebral organoid fusions is CXCR4

dependent, we created long-term slice cultures of organoid fu

sions that we treated with the CXCR4 antagonist, AMD3100. Com

pared to untreated control slices prepared from the same organ

oid fusion, the density of migrating GFP+ cells into GFP dorsal 

regions was significantly reduced upon AMD3100 treatment. There

fore, the cell migration in cerebral organoid fusions depends on 

CXCR4 activity. Combined with our previous data, this result 

confirms that the cell migration observed in cerebral organoid 

is consistent with that of tangentially migrating interneurons.  

Observations: 

Migrating GFP cells within the dorsal region of a ven

tral/GFP::dorsal organoid fusion were observed. An observed cell 

migrates in a single direction. The leading process is branched 

with the different branches dynamically extending and retracting 

seemingly independent of one another. The trailing process fol

lows as the cell body moves forward, and multiple times a lead

ing process becomes a trailing process. As the cell moves for

ward, one leading process is extended while the remaining pro

cesses retract. Then the whole migratory dynamic cycle is re

peated as the cell progresses forward.  

A cell exhibiting many changes of direction involving the 

dynamic extension and retracing of several processes was ob

served. As the cell body remains static, branches are extended 

in multiple directions, and then each of the main branches ex

tends additional higher order branches. Finally, a branch is ex

tended in a particular direction followed by the retraction of 

the other main branch. The cell body is then moved in the direc

tion of the extending branch. The cycle is repeated as the cell 

decides which direction to migrate.  

Multiple migrating cells were observed. 1) Initially a cell 

is migrating upward. The upward process is retracted as a new 

leading process is extended downward and becomes branched. The 

cell migration direction is then changed downward. The bifurcat

ed leading process is dynamic such that one process is extended 

as the other process is retraced. The cell body then moved to

ward the extended leading process. Prior to nucleokinesis, a 

swelling is observed moving from the cell body into the proximal 

portion of the leading process. Then the cell body is moved in
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parallel to the swelling, and finally the cell body moves into 

the swelling. 2) A second cell migrates and changes direction 

several times. With each change of direction, the trailing pro

cess becomes the leading process. The new leading process is ex

tended toward the direction of travel as the trailing process is 

retracted.  

Multiple cells migrating in different directions with ex

tending and retracting processes were observed. Beginning around 

45 hrs of observation, one cell migrates and travels rapidly in 

a constant direction, but at around 70 hours the progress is 

slowed as the leading process branches.  

Multiple migrating cells were observed. Around 6 hours after 

start of observation, a cell migrates with a branched leading 

process. At multiple times, 3 branches are observed. As the cell 

progresses forward, branches are extended in the direction of 

travel, while other branches are retracted. Around 23 hours the 

cell changes direction abruptly. This involves an extension of a 

new process, while the previous leading process is retracted. At 

around 39 hours, the leading process begins turning then makes a 

180-degree turn, and then extends. The cell body then follows 

the leading process.  

The neurites appearing to be axons with an enlarged tuft at 

the end the processes which resembles that of a growth cone were 

observed. The processes are highly dynamic, and exhibit exten

sion in single directions, but also abrupt changes in direction.  

Example 16: Cell migration assay 

We developed a cell migration assay using fused cerebral or

ganoids. Ventral-dorsal organoid fusions exhibit robust long

distance cell migration resembling that of ventral forebrain

derived cortical inhibitory interneurons. We observed substan

tially more migration from ventral into dorsal forebrain regions 

in cerebral organoid fusions. The migrating cells within organ

oid fusions express GABAergic markers (GAD1/VGAT). The migrated 

GFP cells can produce a variety of interneuron subtypes. In ad

dition, the lack of RELN expression by migrating GFP cells sup

ports a ventral forebrain-derived interneuron identity. The mi

gration dynamics of the GFP cells in fused organoids resembles 

the characteristic migratory behavior exhibited by interneurons 

migrating tangentially within the cortex. Finally, the cell mi-



WO 2018/197544 PCT/EP2018/060559 

40 

gration in organoid fusions was inhibited by CXCR4 inhibition as 

observed for tangentially migrating interneurons in developing 

mouse cortex. In summary, we have recapitulated the migration of 

human cortical interneurons from ventral in dorsal forebrain re

gions. Moreover, the observance that these cells exhibit both 

immature and mature neuronal markers indicates their ability to 

undergo maturation once arriving in their dorsal cortical fore

brain target regions. This represents the exciting opportunity 

to recreate a developing human cortical circuit containing an 

enhanced repertoire of cellular diversity than was possible to 

achieve within the previous singular organoid methods.  

An exciting application of this technique is studying human 

developmental biology and its relationship to neurological dis

eases. With this in mind while characterizing this assay, we 

present different experimental paradigms, each of which can be 

used to investigate various aspects and scientific questions re

lated to neuronal cell migration. For instance, the labeling of 

the cells within one of the fused organoids with a fluorescent 

reporter allows the visualization of long-distance neuronal mi

gration. This can even be continuously monitored over time 

through whole-mount imaging of intact organoid fusions. In addi

tion, the identity of the cells can be easily examined using im

munostaining for identification of neuronal subtypes. This is 

useful because many psychiatric diseases, such as Schizophrenia, 

are thought to involve selective deficits in specific interneu

ron subpopulations (Lewis Current Opinion in Neurobiology 26, 

22-26 (2014)). A second type of analysis is dissecting the role 

of specific molecules on neuronal migration to determine if they 

are acting in a cell-autonomous or cell non-autonomous manner.  

For instance, using inventive bi-differentiated tissue, organ

oids from either the origin of migration or the target can be 

genetically manipulated independently by deriving the origin and 

target organoids from distinct cell lines containing either mu

tant or wild-type alleles of a gene of interest.  

We also present an organoid fusion slice culture paradigm in 

which confocal time-lapse imaging can be used to analyze the 

short-term dynamics of neuronal cell migration. This is an im

portant tool because some molecules such as GABA affect the mo

tility of migrating interneurons, which may produce a subtle 

phenotype in a long-term migration assay, and therefore instead
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require a higher time-resolution analysis of the dynamics of mi

grating cells. In addition, long-term slice cultures can be used 

to test how different drug-treatments can affect cell migration.  

This allows drug-screens to determine the effect of many differ

ent molecules on cell migration.  

Finally, the fused organoid tissues also present unique ap

plications beyond cell migration. As one further example, we ob

served substantial neurite dynamics with the appearance of axon 

projections. In addition, although we specifically focused on 

ventral-dorsal forebrain fusions, the organoid fusion paradigm 

allows flexibility in the brain regional identities that can be 

grown together. Combined with the additional brain-region spe

cific organoid protocols (Jo et al. Stem Cell 19, 248-257 

(2016); Hockemeyer et al. Nat. Biotechnol. 27, 851-857 (2009); 

Preibisch et al. Bioinformatics 25, 1463-1465 (2009)), the pos

sible brain circuits that could be modeled using organoid fu

sions is vast. Therefore, organoid fusion technology greatly en

hances the phenotypic analyses possible in cerebral organoids, 

and the flexibility of the method immensely expands the future 

development of in vitro models of human neurological diseases.
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Claims: 

1. An in vitro method of producing a bi- or multi

differentiated neuronal tissue with at least two neuronal tissue 

types comprising the steps of providing a first neuronal tissue 

that is developed to a stage of differentiation of interest; 

providing a second neuronal tissue that is developed to a stage 

of differentiation of interest differing from the stage of dif

ferentiation of interest of the first neuronal tissue, wherein 

the volume of the first and/or second tissue is at least 6x10 6 

pm 3 ; placing said first and second neuronal tissue in vicinity 

sufficient for fusion by growth; allowing the first and second 

neuronal tissue to grow and fuse to each other; thereby produc

ing a bi- or multi-differentiated neuronal tissue comprising the 

first and second neuronal tissue with different stages of dif

ferentiation.  

2. An in vitro method of producing a bi- or multi

differentiated neuronal tissue with at least two neuronal tissue 

types comprising the steps of providing a first neuronal tissue 

that is developed to a stage of differentiation of interest; 

providing a second neuronal tissue that is developed to a stage 

of differentiation of interest differing from the stage of dif

ferentiation of interest of the first neuronal tissue; placing 

said first and second neuronal tissue in vicinity sufficient for 

fusion by growth; allowing the first and second neuronal tissue 

to grow and fuse to each other; thereby producing a bi- or mul

ti-differentiated neuronal tissue comprising the first and sec

ond neuronal tissue with different stages of differentiation; 

wherein the first and/or second neuronal tissue is grown in a 

hydrogel, and/or in extracellular matrix (ECM) or any component 

thereof selected from collagen, laminin, entactin, and heparin

sulfated proteoglycan or any combination thereof, and/or wherein 

the tissues during fusion are cultured in a hydrogel, and/or in 

extracellular matrix (ECM) or any component thereof selected 

from collagen, laminin, entactin, and heparin-sulfated proteo

glycan or any combination thereof.  

3. The method of claim 1 or claim 2, wherein the first and/or 

the second neuronal tissue, preferably both, are derived from an



43 

in-vitro culture of pluripotent stem cells, in particular in

duced pluripotent stem cells.  

4. The method of any one of claims 1 to 3, comprising develop

ing the first neuronal tissue to a stage of differentiation of 

interest separate from developing the second neuronal tissue to 

a stage of differentiation of interest differing.  

5. The method of any one of claims 1 to 4, wherein at least the 

first and/or second neuronal tissue comprises neural progenitor 

cells and neurons.  

6. The method of claim 5, wherein the stages of differentiation 

of the first neuronal tissue comprises a ventral forebrain pro

genitor tissue or a rostro-ventral forebrain tissue.  

7. The method of claim 5 or 6, wherein the stages of differen

tiation of the second neuronal tissue comprises dorsal forebrain 

tissue or neuroectoderm without differentiation to ventral or 

dorsal forebrain.  

8. The method of any one of claims 1 to 7, wherein the steps of 

placing said first and second neuronal tissue in a vicinity suf

ficient for fusion by growth and allowing the first and second 

neuronal tissue to grow and fuse to each other are performed in 

suspension culture.  

9. The method of any one of claims 1 to 8, wherein the bi- or 

multi-differentiated neuronal tissue is differentiated to devel

op a neural plate.  

10. The method of any one of claims 1 to 9, wherein the first 

and second neuronal tissue are grown to a size of at least 100 

pm, preferably at least 150 pm, especially preferred at least 

200 pm.  

11. The method of any one of claims 1 to 10, wherein the first 

and/or second neuronal tissue expresses a detectable marker that 

is not expressed by the other from the group of the first and 

second neuronal tissue.
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12. A bi- or multi-differentiated neuronal tissue with at least 

two neuronal tissue types of different stages of differentia

tion, wherein at least one of the neuronal tissue types compris

es ventral neuronal tissue and the at least another tissue type 

is substantially non-ventral but containing migrated cells from 

the ventral neuronal tissue constituting not more than 5% of the 

cells of the substantially non-ventral tissue and the bi- or 

multi-differentiated tissue having a size of 100 pm to 10 mm in 

its longest dimension.  

13. The bi- or multi-differentiated neuronal tissue of claim 12, 

wherein at least one of the neuronal tissue types expresses a 

detectable marker, preferably a fluorescence marker, not ex

pressed by another tissue type of the bi- or multi

differentiated neuronal tissue.  

14. The bi- or multi-differentiated neuronal tissue of claim 12 

or 13, in form of a globular body or in form of a tissue slice.  

15. A method of testing or screening a candidate compound for 

influencing differentiation of bi- or multi-differentiated neu

ronal tissue, comprising contacting a neuronal tissue of any one 

of claims 12 to 14 with the candidate compound and maintaining 

said contacted tissue in culture, and observing any differentia

tion changes in the tissue as compared to said tissue without 

contacting by said candidate compound.  

16. Use of a kit in a method according to any one of claims 1 to 

11, wherein the kit comprises a (i) a WNT inhibitor and/or a SHH 

enhancer and (ii) a SHH inhibitor.  

17. A bi- or multi-differentiated neuronal tissue produced by 

the method of any one of claims 1 to 11.
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<220>
<223>  primer

<400>  11
tggcccatgt cgcccttcct                                                   20

<210>  12
<211>  20
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  12

Page 3

eolf-seql (60) txt
<220>

<223> primer

<400> 8

tccagcccct cctactctag 20

<210> 9
<211> 20
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 9
acgtccctta ctccgccaag 20

<210> 10
<211> 21
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 10

agtagatggt gcggggtttc C 21

<210> 11
<211> 20
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 11

tggcccatgt cgcccttcct 20

<210> 12
<211> 20
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 12

Page 3



eolf‐seql (60).txt
gccgacgtgg tgccgttgta                                                   20

<210>  13
<211>  19
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  13
caccgccacc acctacaac                                                    19

<210>  14
<211>  20
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  14
caggagttgc gtgctagtga                                                   20

<210>  15
<211>  20
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  15
ccgtctgcag gcaagaacat                                                   20

<210>  16
<211>  19
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  16
gacacacgga gcactcgag                                                    19

<210>  17

Page 4

eolf-seql (60) . txt

gccgacgtgg tgccgttgta 20

<210> 13
<211> 19
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 13

caccgccacc acctacaac 19

<210> 14
<211> 20
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 14

caggagttgc gtgctagtga 20

<210> 15
<211> 20
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 15

ccgtctgcag gcaagaacat 20

<210> 16
<211> 19
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 16

gacacacgga gcactcgag 19

<210> 17
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eolf‐seql (60).txt
<211>  19
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  17
gccgtaccag gacaccatg                                                    19

<210>  18
<211>  20
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  18
atgttcttgc tcacgtcccc                                                   20

<210>  19
<211>  20
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  19
gggcaccact ccactgtatc                                                   20

<210>  20
<211>  21
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  20
cgaagtgcaa tggtctttag g                                                 21

<210>  21
<211>  20
<212>  DNA
<213>  Artificial Sequence

Page 5

eolf-seql (60) txt

<211> 19
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 17

gccgtaccag gacaccatg 19

<210> 18
<211> 20
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 18

atgttcttgc tcacgtcccc 20

<210> 19
<211> 20
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 19

gggcaccact ccactgtatc 20

<210> 20
<211> 21
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 20

cgaagtgcaa tggtctttag g 21

<210> 21
<211> 20
<212> DNA
<213> Artificial Sequence
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eolf‐seql (60).txt
<220>
<223>  primer

<400>  21
ctcagttcat cgccgtcacc                                                   20

<210>  22
<211>  22
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  primer

<400>  22
agccggtgta gatcgtgtca ta                                                22

Page 6

eolf-seql (60) txt
<220>

<223> primer

<400> 21
ctcagttcat cgccgtcacc 20

<210> 22
<211> 22
<212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 22
agccggtgta gatcgtgtca ta 22
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