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These tests are performed to detect

whether healthy individuals are

carriers of any genetic disease

CARRIER SCREENING TESTS



Who should be   
offered carrier   

screening ?

• Consanguineous marriage

• Ethnic Population

• IVF cycles

• During pregnancy

• Patient decision/Patient anxiety

• Donor programs

• Pan Ethnic All individuals ?ACOG  2017

ACMG  2022

• Autosomal recessive or X-linked disease

• Severe childhood disorders (ESHG)

• Population-specific disorders

• Late onset disorders ?

• Autosomal Dominant genes ?

• Cancer genes ?

What 
should we 
screen ?



Which genes should be screened ?

Panels of Global Companies

ACMG  2022



CARRIERCHECK
This is "end to end solution project from wet lab to bioinformatic"



Selection strategies of “Carriercheck” panel genes
Mikrogen's in-house data was used for the selection of panel genes

93 genes were 
selected from 1600 
PGT-M and 39,000 

targeted single-gene 
sequencing cases

(43 genes reimbursed by 
government for PGT-M)

Selected genes from 
panels of global 

companies

Among the genes 
showing copy 

number changes, 
9 genes were 
selected and 

included in the 
panel

50 genes were 
selected from our 

2445 WES analysis 
cases

43

CNVs

WES

a) The most frequently requested diseases for PGT-M (1,600 cases) and targeted single-gene 

sequencing (38,939 cases) tests performed at Mikrogen Laboratories since 2014 were 

analyzed. Based on this analysis, the 29 most common genetic disorders in Turkish and 

Middle Eastern populations were selected. Additionally, 43 genes covered under the PGT-M 

reimbursement program by the Ministry of Health of the Republic of Turkey were also 

included in our panel.

b) The results of 2,445 WES cases performed at Mikrogen Laboratories were evaluated and it 

was decided to add 50 genes to the panel.

c) To identify the most commonly screened genes, the gene content of carrier screening 

panels from global companies was analyzed. As a result, 70 genes shared across all 

panels were added to our panel. el.

d) Based on Mikrogen's experience and a literature review, 9 genes with frequently 

observed copy number variations (CNVs) were added to the panel



Distribution of monogenic diseases in Europa: 
-15 diseases constitute 90% of all cases
-78 diseases constitute only 10% of the cases.

(Beauchamp et. al. (2018) 474.644 test)

Mikrogen’s data consisting of 1198 PGT-M + (2445 WES); 
-15 diseases constitute 35% of all cases
- The remaining monogenic diseases make up 65%

(Baltaci et al, un published data)

EU

The most critical issue in the screening panel is the selection of 
“population-specific genes”

Thats why our panel had to focus on this group as well.

TR



ADJUSTMENT

• PERFORMANCE
• DATA QUALITY • SPECIFIC SOLUTIONS

     -  MEASURES

      -  ADJUSTMENTS

The 2nd critical issue regarding the panel is whether it provides specific 

solutions against the pitfalls of the panel genes.

- SENSITIVITY

- SPECIVITY



WET LAB Stage

Solutions

➢ High specificity and sensitivity for

target genes

➢ Uniform coverage for target genes

➢ CNV, SNV information

➢ Detection of hotspot intronic and

intergenic variants

➢ Ability to detect new variations in 

the target genes

REPORTING Stage

Solutions

➢ Reporting of only AR and XL variants

➢ Reporting of variations of the genes

that manifest both AR and AD 

inheritance

➢ Reporting of Class 1 and 2 variants

➢ Reporting of clinically relevant Class 3 

variants if family history is present

➢ Class 3 variants were reported if the 

other partner was a class 1/2 carrier for 

the same gene.

ANALYSIS Stage

Solutions

➢ Exon level CNV detection in 

common genes such as CFTR 

and DMD.

➢ Detection of SMN1 gene deletions

➢ A reliable analysis of genes

showing sequence homology

such as GBA and CYP21A2 

Specific solutions of Carriercheck for 
wet lab,   analysis   and   reporting stages



Specific Solutions and Special Algorithms for Probe Designs -1

Targeted CNV and SNV analyses
enabled the detection of deletions
in the SMN1 and HbA genes.

The probes were designed to
minimize overlap with repeated

segments of the genome.

The panel was designed to provide 100% 
coverage for some critical gene regions
such as exons 1 and 22 of the F8 gene.

Flanking probes were designed
for variants that were not 
covered properly



These Hotspot Deep Intronic Variants Integrated into the Panel

Specific Solutions and Special Algorithms for Probe Designs - 2



COVERAGE
CarrierCheck achieved high coverage of up to 500X in each patient sample 

for all genes



Detection of SMN1 point mutations

was also achieved.

Alignment optimizations were
performed to improve target

coverage in SMN1, CBS, HBA2 
and BTD gene regions.

* Low coverage was found in the several exons
of NEB gene. This issue needs to be fixed.

COVERAGE



Detection Capability of SMN1 Gene Deletions

The CNV detection capability of the analysis 
software was improved by training on a large 

number of samples with SMN1 exon 7/8 deletions



Identification of CNVs 
in the CFTR Gene

The analysis software detects CFTR gene deletions

IGV View

Identification of Deep Intronic Variants   
in the CFTR Gene

The deep intronic variants of CFTR gene are also detected



CarrierCheck has the capability of detecting both point 
mutations and CNV-type mutations in the PAH gene



CarrierCheck can detect 
the single-exon level deletions and duplications in the DMD gene



CarrierCheck is capable of detecting deletion and duplication-
type mutations in the HBA gene

(The size of the deletions detected by Carriercheck were not concordant with the MLPA results)



Design of Patient Groups for the Validation

Patient Groups

Group 1 consisted of 96 randomized cases. Their genomic DNA was used to optimize the panel and check the QC scores.

Group 2 consisted of 288 cases. All of them were heterozygous carriers for at least one of the panel genes. 

    Samples from this group were used to validation of the panel.

Group 3; It was composed of 392 consanguineous spouses.  Carrier status of them had not been tested before. 128 of 

them were Syrian, 16 of Georgian, refugee couples and 248 were Turkish origin couples. 

    Samples from this group were used to test the “efficiency” and “sensitivity” of the panel.

Inclusion Criterias:

1. The couples who are heterozygous mutation 

carriers of one of the genes which are  

described in our carrier panel

2. Consanguineous couples

3. Couples consenting to participate in the study

Exclusion Criterias:

1. The couples who are the carriers of other monogenic   

diseases which are not described in our carrier panel

2. The carriers of chromosomal balanced rearrangements

3. Nonconsanguineous couples Couples who are not consenting 

to participate in the study

NATIONALITY Number of  Participants

Turkish 248

Syrian 128

Georgian 16

TOTAL 392



Allelic (Carrier) Frequency Distribution in Panel Gene Set (Group-3)

A carrier frequency
exceeding 5% was

observed for 10 
genes.



A snapshot validation of the retrospective DNA samples with known mutations

Regarding discordant genes «The rates were high, except the specificity rate of the CYP21A1 gene».



A dramatic case example of Carriercheck
(The family requested healthy and HLA-compatible sibling)

Pedigree of the family with the Thalassemia Major Boy,2.5 



NGS Based CarrierCheck Targeted Screening Panels
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