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MetaSystems White Paper 

SMART KARYOGRAM CREATION WITH IKAROS 

 

MetaSystems – Innovative Solutions for Automated Imaging 

In clinical cytogenetics, laboratory professionals analyze numerical and structural aberra-

tions in chromosomes to diagnose genetic diseases or cancer. With more than 35 years of 

experience in automating slide scanning for medicine and life sciences, MetaSystems offers 

comprehensive solutions for the creation of karyograms and fluorescence in situ hybridiza-

tion (FISH) adapted to time critical and precise routines. Innovations in deep learning assist 

Ikaros users achieve significant advances in the efficient creation of karyograms. 

 

 

Highlights 

a Deep learning algorithms are an 

advance in the field of artificial in-

telligence. 

a Deep Neural Networks (DNNs) are 

such deep learning algorithms. 

a DNNs in Ikaros separate and clas-

sify banded chromosomes to gen-

erate karyogram proposals. 

a The most common chromosome 

banding methods are supported 

for the creation of karyograms. 

a Metaphase cells from different tis-

sue types, e.g., lymphocytes, bone 

marrow, amniotic fluid, and chori-

onic villi, can be analyzed. 

a With the new DNN-based algo-

rithms, users perform fewer cor-

rective interactions and karyotype 

faster. 

 

 

a MetaSystems has been granted a 

U.S. Patent for AI-based chromo-

some analysis in 2021 (U.S. patent 

no. 10,991,098). 

Deep Learning Moves the 

Smart Creation of Karyo-

grams Forward 

To create karyograms, chromosomes 

are processed in metaphase to visual-

ize distinct banding patterns. The 

stained chromosomes are then sorted 

and analyzed to detect chromosomal 

aberrations. In this way, cytogeneti-

cists diagnose genetic diseases, devel-

opmental disorders, and cancer. 

Previously, the MetaSystems product 

Ikaros used conventional machine 

learning algorithms to help separating 

and classifying chromosomes.  

As MetaSystems is constantly striving 

to improve the performance of Ikaros, 

our goal was to further reduce the fre-

quency of errors in karyogram pro-

posals, ultimately minimizing the time 

spent with preparations. 

Deep learning pushes the frontiers in 

medicine and life sciences. Therefore, 



Page 2 of 4 
 

 

info@metasystems-international.com 

www.metasystems-international.com 

MetaSystems has implemented state-

of-the-art deep learning algorithms in 

Ikaros to support chromosome sepa-

ration and classification. 

What Is Deep Learning? 

Deep learning is a subfield of machine 

learning and belongs to artificial intelli-

gence. In traditional machine learning, 

an expert identifies features that are 

suitable for distinguishing objects of 

interest. Such features can be shape, 

color, or texture. This is how the expert 

transfers knowledge to the algorithm. 

Chromosome classifiers in earlier ver-

sions of Ikaros were based on such ma-

chine learning. 

In deep learning, the expert prepares a 

high amount of classified example im-

ages, also called training images. The 

deep learning algorithm then finds 

useful features to distinguish the im-

ages based on the expert classification 

without further human interaction. 

 

Figure 1: Deep learning is a subfield of artificial 

intelligence. The Deep Neural Network (DNN) 

acquires features without human interaction 

to distinguish images. 

The principles of deep learning are 

decades-old, but the recent availability 

of big data and computational power 

have pushed the method to break-

through. Deep learning is already in 

our everyday life, and you use it to un-

lock your phone with your face or to 

translate the menu in a foreign coun-

try’s restaurant. Deep learning is also 

setting new milestones in medicine 

and the life sciences. 

The deep learning algorithms imple-

mented in Ikaros are called Deep Neu-

ral Networks (DNNs) that solve 

advanced computer vision tasks, such 

as object detection and image classifi-

cation. Their design is broadly inspired 

by the network of neurons in the hu-

man brain.  

More precisely, DNNs are large self-

learning statistical models with mil-

lions of adaptable parameters. The 

huge number of parameters enables a 

DNN to learn abstract features for im-

age differentiation. 

DNNs for computer vision are built on 

multiple layers of convolutional filters 

that process the image. While early lay-

ers often detect basic image features, 

e.g., edges or colors, deeper layers 

combine basic information with more 

task-relevant features, e.g., “looks like 

a chromosome”.  

During the DNN’s training period, the 

prediction given by the DNN for each 

training image is compared to the ac-

tual, correct output (ground-truth). In a 

process called back-propagation, the 

parameters of the DNN are then incre-

mentally changed to progressively ap-

proach the ground-truth.  

Since the training images are the only 

source of knowledge, they must not 

only be correctly pre-classified, but 

also show the object-of-interest in all 

relevant variations. Thereby, the DNN 

learns robust features for image differ-

entiation.  

Training a DNN can easily take days to 

weeks and is computationally inten-

sive. Once the DNN training and vali-

dation process is finished, the resulting 

Ikaros Classifier for chromosome sep-

aration or classification is ready to use. 

Chromosome Separation 

in Ikaros 

When testing the new DNN-based al-

gorithms for chromosome separation 

and classification on test datasets, the 

following results were obtained: 

95.2 % of metaphase cells derived from 

bone marrow and 98.9 % of meta-

phase cells derived from lymphocytes 

could be corrected by the user with 

only two manual operations, e.g., add-

ing or deleting a chromosome or draw-

ing a separation line between 

chromosomes. 

The mean number of user interactions 

required for 10 metaphase cells was 

significantly lower with the DNN-based 

karyogram proposal than with the pre-

vious conventional algorithm in Ikaros. 

 

Figure 2: Mean number of user interactions for 

10 metaphase cells derived from either bone 

marrow or lymphocytes analyzed with the 

conventional machine learning algorithm 

(gray) and the new DNN-based algorithm (red) 

in Ikaros (result of in-house test).  
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Chromosome  

Classification in Ikaros 

Classification of all common staining 

types for chromosome banding, e.g., 

G-Banding, R-Banding, and Q-Banding 

as well as for different tissue types, 

e.g., lymphocytes, bone marrow, amni-

otic fluid, and chorionic villi, is sup-

ported.  

The new DNN-based algorithms 

showed significant improvement in the 

proposed chromosome classification 

for both lymphocyte and bone marrow 

samples compared to the previous 

conventional machine learning algo-

rithms. 

 

Figure 3: Mean error rates for chromosome 

classification per metaphase in Ikaros using 

the conventional machine learning algorithm 

(gray) and the new DNN-based algorithm (red). 

The graph shows results for ~ 100,000 bone 

marrow metaphases and ~ 150,000 lympho-

cyte metaphases (result of in-house test). 

Conclusion 

The advanced deep learning methods 

implemented in Ikaros simplify the en-

tire preparation process for the crea-

tion of karyograms from chromosome 

separation to classification.  

The number of user operations re-

quired in karyogram generation (i.e., 

separating and classifying the chromo-

somes) can be significantly reduced 

compared to previous machine learn-

ing algorithms in Ikaros.  

Using deep learning, Ikaros provides a 

software-generated karyogram pro-

posal that can be reviewed and evalu-

ated by an expert. Manual operations 

are possible at any point in the karyo-

gram creation process and are easy to 

perform with the intuitive software in-

terface. 

Please consider that the quality of the 

sample is an indispensable factor for 

the generation of a karyogram pro-

posal. If the metaphase images differ 

systematically from the images on 

which the respective DNN was trained, 

it may be necessary to adjust the exist-

ing DNN or train a specific, new DNN. 

With the slide scanning solution based 

on the Metafer software, MetaSystems 

is able to provide a fully automated 

workflow from automatic image acqui-

sition of metaphases to processed kar-

yogram proposals ready for expert 

review. 

Further Reading 

Vajen, B. et al. Classification of fluores-

cent R-Band metaphase chromosomes 

using a convolutional neural network is 

precise and fast in generating karyo-

grams of hematologic neo-plastic cells. 

Cancer Genetics 260–261, 23–29 

(2022).  

https://doi.org/10.1016/j.can-

cergen.2021.11.005. 

About MetaSystems 

For more than 35 years, MetaSystems 

has been developing and producing in-

novative solutions for automated mi-

croscopy-based imaging for the 

healthcare and biotechnology sectors. 

Our headquarters are located in the 

southwest of Germany in the Rhine-

Neckar metropolitan region near Hei-

delberg. 

We are a global company with an inter-

national team working in Germany and 

in our subsidiaries in North and South 

America, Europe, India, and China. Our 

customers can be found in institutes, 

hospitals, and universities in over 100 

countries around the world. 

We continuously develop our products 

in close connection with our users, 

thus combining innovation with tradi-

tion. Our modern approaches include 

an advanced workflow management 

that grows with your requirements and 

the use of deep learning techniques. In 

many segments, this has enabled us to 

achieve an international top position 

on the market. 

Want to Know More? 

MetaSystems offers innovative solu-

tions for automated microscopy imag-

ing for numerous applications with 

brightfield and fluorescence illumina-

tion. 

Would you like to know more? Please 

contact us through our website. 

 

https://doi.org/10.1016/j.cancergen.2021.11.005
https://doi.org/10.1016/j.cancergen.2021.11.005
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Metafer 4.3 and Ikaros 6.3 are classified as in vitro diagnostic medical devices (IVD) in the Euro-

pean Union in accordance with In Vitro Diagnostics Regulation (EU) 2017/746 or In Vitro Diag-

nostic Medical Device Directive 98/79/EC, respectively, and carry the CE label unless otherwise 

indicated. Use all MetaSystems IVD products only within the scope of their intended purpose. 

MetaSystems products are used in many countries worldwide. Depending on the regulations 

of the respective country or region, some products may not be used for clinical diagnostics. 

Some hardware components supplied by other manufacturers are not included in MetaSys-

tems IVD products and are therefore not IVD medical devices. 

MetaSystems software provides, among other functions, features to assist users with image 

processing. These include, but are not limited to, the use of machine and deep learning algo-

rithms for pattern recognition. The output generated in this process should be regarded as 

preliminary suggestions and, in any case, mandatorily requires review and assessment by 

trained experts. 

 

 

 

 

 

 

 

 


