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RESULTS

Figure 2.  Normal Samples Electropherogram 

Figure 3.  Intermediate Electropherogram

ABSTRACT

The occurrence of fragile X syndrome is closely related to the abnormality of the FMR1 

gene. This kit uses quantitative PCR (Q-PCR) amplification combined with capillary 

electrophoresis (CE) detection method to determine the CGG repeat number in the 

FMR1 gene.

INTRODUCTION

Fragile X syndrome is the most common inherited mental retardation disorder. Over 98% 

of fragile X syndrome is due to an expansion of an unstable CGG repeat sequence 

located in the 5’ untranslated region of the FMR1 gene on chromosome X. According to 

the National Fragile X Foundation (fragileX.org) shows that in the United States the 

incidence for men are about 1/3600 and for women are about 1/400 to 1/600. Carrier rate 

for fragile X is approximately 1 in 250 women in the general population. 

When the CGG repeat number (noted as n) is greater than 200, it is defined as a full 

mutation of the FMR1 gene. In this situation, the CpG island of the FMR1 promoter 

region is highly methylated, suppressing the transcription of the FMR1 gene and then 

resulting in lack of functional protein. This finally disrupts relevant neural functions and 

leads to FXS. Individuals show typical characteristics of FXS, such as mental retardation 

and autism. When n is within the range of 55-200, it is called a pre-mutation of the FMR1 

gene. Pre-mutation will produce excess mRNA, which in turn affects the regulation of 

expression of multiple proteins. Pre-mutations are considered to be a risk factor for 

fragile X-associated primary ovarian insufficiency (FXPOI) and fragile X-associated 

tremor and ataxia syndrome (FXTAS), on going research is still needed to determine the 

number of expansion expansion correspond to severity.

MATERIALS AND METHODS

This kit uses quantitative PCR (Q-PCR) amplification combined with capillary 

electrophoresis (CE) detection method to determine the CGG repeat number of FMR1 

gene. As the Thermo Fisher CE systems is capable of single base pair resolution, it is the 

most precise way of measuring amplicon lengths.

This test consist of two PCR reactions: a full-length detection system and a repeat 

primed system. For the full-length system, PCR amplification is performed with two 

primers, located upstream and downstream of the CGG repeat region. The downstream 

primers is labeled with FAM (6-carboxyfluoroscein) for detection of the amplicon by the 

CE optical system. The size of the amplicon is then used to calculate the number of CGG 

repeats. For the repeat primed system, the PCR reaction consists of a downstream 

primer labeled with FAM, however unlike the full-length PCR the forward primer is 

designed to prime inside the repeat region. Because repeat primers can prime randomly 

in the repeat region, various sized amplicons will be produced resulting in many peaks in 

the electropherogram. In repeat reaction, CGG repeat number can be determined by the 

sizes of the largest amplicons. By combining the results of the full-length and repeat 

systems, the number of CGG repeats in a sample can be accurately determined.

In addition, we use a AF633 (Alexa Fluor 633) labeled size standards ranging from 70bps 

to 1200bps for precise sizing of the amplicons. The size standard comigrates with the 

FAM labeled amplicons in the same capillary to ensure precise sizing of the target 

amplicons.

This assay is compatible with the Applied Boisystems 3500 series and SeqStudio™ 

Genetic Analyzers. On the 3500 series we use 50cm capillary array and POP-7™ 

polymer; on the SeqStudio the V2 cartridge incorporated a 28cm capillary array and 

POP-1™ polymer. Both instrument utilize a custom long fragment analysis run module to 

achieve excellent fragment separation as the CGG expansion can result in fragment from 

normal size of several hundred bases to over a kilo bases long.

The resulting fragment data is then analyzed in GeneMapper 6.0 with specifically 

designed panel and bin (provided as downloadable files). The resulting genotype is then 

exported in csv format and then imported into the CarrierMax™ software for final report 

output that reports the CGG repeat numbers and the classification.

CONCLUSIONS

We have shown the CarrierMax™ FMR1 Reagent Kit can reliably detect and calculate the 

CGG repeat numbers in different expansions ranging from normal (<45 repeats) to full 

mutation (>200 repeats). Using this kit we successfully determine and classify 44 Coriell

samples and is 100% concordant with the genotype information on Coriell or compare to 

published data. We further characterize 40 clinical research samples and the repeat numbers 

as well are the classification are fully concordant with another research kits on the market.

CarrierMax™ FMR1 Kit’s ability to determine CGG repeats makes it a valuable complement to 

the expanded carrier screening products: Thermo Fisher CarrierSeq™ ECS Kit  on the Ion 

Torrent NGS platform or the Applied Biosystem CarrierScan™ Assay on the microarray 

platform.
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Figure 4.  PreMutation

Figure 5.  Full Mutation
Figure 1. Instruments and Software Packages

Normal sample with CGG repeats <45. Top panel is the full-length PCR. Two sharp peaks 

denotes this is a heterozygous sample with two X chromosomes. 

Sample ID
“Kit A” CGG number CarrierMax™ CGG number

Classification
CGG1 CGG2 CGG1 CGG2

FX-C1 30 31 30 31 normal

FX-C2 29 >200 30 >200 full mutation

FX002 29 30 normal

FX004 29 29 normal

FX005 29 41 30 41 normal

FX007 41 41 normal

FX009 29 30 normal

FX011 29 29 normal

FX012 29 29 normal

FX018 >200 >200 full mutation

FX019 >200 >200 full mutation

FX020 >200 >200 full mutation

FX023 >200 >200 full mutation

FX025 36 36 normal

FX032 >200 >200 full mutation

FX033 >200 >200 full mutation

FX038 29 30 normal

FX039 29 29 normal

FX040 37 37 normal

FX041 29 29 normal

FX042 30 30 normal

FX043 29 30 normal

FX044 38 38 normal

FX045 30 30 normal

FX046 29 36 29 36 normal

FX047 29 29 normal

FX048 23 29 23 29 normal

FX049 30 30 normal

FX050 29 29 normal

FX051 29 29 normal

FX052 29 29 normal

FX053 29 30 normal

FX054 36 36 normal

FX055 36 36 normal

FX056 29 29 normal

FX057 29 30 normal

FX058 30 31 normal

FX059 29 39 29 39 normal

FX060 30 31 30 31 normal

FX107 30 69 31 70 pre-mutation

Table 1. Coriell Normal and Intermediate Samples

Table 3. 40 Clinical Research Samples

Table 2. Coriell PreMutationa and Full Mutation Samples

Intermediate sample with CGG repeats 45 to 55. Figure showing single allele in the intermediate bin.  

Full Mutation sample with CGG repeats >200. Since the large expansion of CGG repeat 

results in very long amplicon the PCR efficiency is greatly affected which result in full-length 

peak being very low in signal intensity. Zooming in is necessary to identify the signal peak 

above background.

Premutation sample with CGG repeats between 55 to 200. This figure showing two alleles in 

the PreMutation bin.

40 clinical research sample result fully concordant on the CGG repeat number and 

classification with another kit on the market. 

17 normal and 6 intermediate samples fully concordant with genotype information on Coriell

data base. 

16 premutation and 5 full mutation samples fully concordant with Coriell or publication. In one 

sample because of the high number of CGG repeat expansion the full-length PCR was not able 

to determine the size due to amplicon too large for the CE platform to resolve. However, the 

repeat PCR was able to make the correct classification call as a full mutation.

3500 and SeqStudio instruments and the GeneMapper 6 and CarrierMax™ softwares.

For Research Use  Only. Not for use in diagnostic procedures.


