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Abstract

Rapid and reliable diagnosis and screening of genetic diseases are the first steps to initiate appropriate treatments for optimal clinical outcomes and general public health. However, detection of diseases at an early stage either prenatal or postnatal especially by a noninvasive approach is one of the biggest challenges in medicine. There is a various range of biomarkers for diagnosis and screening, including Proteins, DNA polymorphisms (especially SNPs), MicroRNAs, Long Non-coding RNAs, Circular RNAs, and Circulating Fetal DNA. Different disciplines of science are working together for providing effective, noninvasive and reliable detection methods. Conventional diagnostics are time-consuming and require equipped laboratories, experienced personnel. Recently, Nano-based detections have provided more accurate tools for earlier, fast and cost-effective diagnosis of human diseases such as cancer, Alzheimer’s, Multiple Sclerosis, neurodegenerative diseases, chronic diseases (e.g., diabetes and cardiovascular diseases), immunodeficiency and even prenatal screening of fetus for sex determination and genetic diseases such Sickle cell anemia (SCA)  and Thalassemia that have high healthcare costs. Nucleic acid-based detection of genetic provides more flexibility compared to other biomolecules, as they are present in all living organisms. The DNA-based nanobiosensors can be used effectively to simplify DNA/RNA detection for point-of-care testing and provide simple, fast, cost-effective, sensitive and specific detection of many genetic disorders in humans. Different approaches are being developed for detection, namely optical, electrochemical, piezoelectrical, and recently, microfluidic platform based methods. This presentation describes new strategies and future directions for the design, fabrication, and applications of different types of DNA based biosensors in clinical laboratories with an emphasis on our group recent researches and publications in this field.
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چكيده
تشخیص سریع و معتبر و غربالگری بیماری های ژنتیکی، اولین گام برای شروع درمان های مناسب با هدف کسب نتایج بالینی مطلوب و سلامت عمومی است. با این حال، تشخیص بیماری ها در مراحل اولیه چه قبل از تولد و چه پس از زایمان، به ویژه با رویکرد غیرتهاجمی، یکی از بزرگترین چالش های پزشکی است. طیف مختلفی از نشانگرهای زیستی برای تشخیص و غربالگری وجود دارد، از جمله پروتئین‌ها، پلی‌مورفیسم‌های موجود در مولکول DNA (به‌ویژه SNPs)، MicroRNAs، RNAهای طویل غیرکدکننده، RNAهای دایره‌ای وcffDNA .  حوزه های مختلف علمی با یکدیگر و بجهت ارائه روش های تشخیص موثر، غیرتهاجمی و قابل اعتماد در تعامل هستند. تشخیص با روشهای معمول، معمولا زمان بر است و نیاز به آزمایشگاه های مجهز و پرسنل مجرب دارد. اخیراً، تشخیص‌های مبتنی بر نانو، ابزارهای دقیق‌تری برای تشخیص زودهنگام، سریع و مقرون ‌به‌صرفه بیماری‌های انسانی مانند سرطان، آلزایمر، مالتیپل اسکلروزیس، بیماری‌های عصبی، بیماری‌های مزمن (مانند دیابت و بیماری‌های قلبی عروقی)، نقص ایمنی و حتی غربالگری جنین قبل از تولد از نظر تعیین جنسیت و بیماری های ژنتیکی، مانند کم خونی داسی شکل (SCA) و تالاسمی که هزینه های درمانی بالایی دارند، ارائه کرده‌اند.. تشخیص ژنتیکی مبتنی بر اسید نوکلئیک در مقایسه با سایر مولکول های زیستی انعطاف پذیری بیشتری را فراهم می آورد چراکه این ماکرومولکولها در همه موجودات زنده وجود دارند. نانوزیست حسگرهای مبتنی بر DNA می‌توانند به طور موثر برای فراهم آوردن یک راهکار ساده جهت تشخیص DNA/RNA  در تستهای تعییین سلامت، مورد استفاده قرار گیرند و تشخیص ساده، سریع، مقرون‌به‌صرفه، حساس و خاص بسیاری از اختلالات ژنتیکی در انسان را فراهم آورند. روش‌های مختلفی برای تشخیص وجود دارد که از آنجمله روش‌های نوری، الکتروشیمیایی، پیزوالکتریک و اخیراً مبتنی بر پلتفرم میکروسیال در حال توسعه می باشند. این مقاله، استراتژی‌های جدید و جهت‌گیری‌های آینده برای طراحی، ساخت و کاربرد انواع مختلف حسگرهای زیستی مبتنی بر DNA در آزمایشگاه‌های بالینی و با تأکید بر تحقیقات و مقالات منتشر شده اخیر گروه ما در این زمینه را شرح می دهد.

کليدواژه​ها: نانوزیست حسگر مبتنی بر DNA، بیماری ژنتیکی، تشخیص زودهنگام، نشانگر زیستی.

Introduction

Early and prenatal diagnosis is a part of the knowledge of clinical genetics and gynecological diseases, which demonstrates the principles of theoretical and clinical medicine, simultaneously.
Invasive methods for genetic analysis in the fetus or patient and diagnosis of genetic diseases include amniocentesis, chorionic villus sampling, and blood sampling to isolate embryonic cells, and diseased blood or tissue sampling. Despite the high capabilities of these invasive methods, they always carry a small but significant risk to the fetus or creating suffering for the patient [1].
A various range of biomarkers including proteins, miRNA, lncRNA, circRNA, and cff-DNA has been reported as early screening approaches. It is possible to use the biomarkers, as a target for prenatal and early screening tests at any stage of genetic diseases [2]. 
One of the areas of interest among researchers in recent years is the separation and analysis of fetal genetic material, cff DNA, in the mother's blood as a non-invasive method for diagnosing prenatal diseases in the fetus. Another interesting biomarker, i.e miRNAs as a class of small, short, non-coding molecules with 18–25 nucleotides long act as post-transcriptional repressors of gene expression through translational inhibition and/or mRNA destabilization in diverse biological contexts. They could degrade their target mRNAs by hybridizing to 3′-UTR (mostly) [5]. In recent years, various documents have showed that microRNAs are exist from different cells, including cancerous cells, into body fluids such as urine, milk, saliva, and blood, via exosomes (membrane vesicles with a diameter of ~100 nm) [3].
A routine technique for gene and nucleic acid detection in the blood is PCR. However, the technique includes a substantial amplification error during the duplication process due to Taq polymerase activity. An alternative solution for the techniques based on PCR is the application of biosensors that can improve the problem with high accuracy, a decrease of recognition cost, and high speed. A biosensor as an analytical tool qualifies and quantifies biological and biochemical reactions through the exchange of them to electrical and optical or other kinds of signals [4].
In recent years, the advent of nanotechnology has provided a new horizon for the construction of biosensors. A wide range of nanomaterials, including quantum and carbon dots [10], carbon nanotubes, and Au and Ag nanoparticles have been investigated [1]. Fluorescent nanoparticles such as Quantum dots [6], dye-doped silica nanoparticles [7], carbon dots [8] and soon have been frequently used as fluorescent tags and alternative to provide high sensitivity associated with colorimetric detections and biosensing [4].
In follow and in this manuscript due to limitations of congress rules, we summarize our documentation and only explain the new strategies for the design, fabrication, and applications of different types of DNA based biosensors in clinical laboratories with an emphasis on our recent researches and publications in this field. In oral presentation, it will be tried to expand our talking on the biosensors and their direction to future.
Different biosensors for detection of genetic biomarkers 
1- Colorimetric DNA-based biosensors

Colorimetric biosensors can be used to detect a particular analyte through color changes easily by naked eyes or simple portable optical detectors for quantitative measurement. Thus, it is highly attractive for point-of-care detections of diseases biomarker [5]. Introducing the simple, feasible and straightforward ways such as colorimetric DNA-based biosensors with naked-eye recognition is ideal for convenient microRNA and nucleic acid detection such as cffDNA in blood. In this way, a signal must be generated when only the target is identified [3]. 
Delkhahi et al. (2017) reported the fabrication of a nanobiosensor which can be used for colorimetric detection and quantification of miR-137 as a biomarker of Alzheimer disease. The biosensor could detect the microRNA in both buffer and blood samples. In this work, it was designed a detection system that combines AuNP-based colorimetric detection and DNA HCR amplification as PCR like sensitivity technology, without necessity to any enzyme [6].
Agahi et al. (2022) fabricated a colorimetric biosensor upon utilizing a split G-quadruplex (Gq) nanostructure and its peroxidase-mimicking property to detect simultaneous dual detections of two circulating microRNAs (miR-21 and miR-155). The nanostructure with peroxidase activity specifically identified the miR-21 and miR-155 as significant biomarkers involved in breast cancer. A LOD of 0.38 nM with a linearity range of 0-10 nM (R2 = 0.98) of target microRNAs in buffer and high selectivity in buffer and blood media were obtained [3].
2- Fluorometric DNA-based biosensors

Fluorescence-based sensors have attracted the most attention due to their high sensitivity and fast response[24]. Because of the metal nanoclusters' unique specifications, such as optical and plasmonic features and molecule-like properties, they are an appreciable option in biosensing applications[23]. Currently, the use of Cu nanoclusters has accelerated due to their excellent properties. These properties include good optical and chemical stability, being nontoxic and economical, high luminous efficiency, long fluorescence lifetime, large stokes displacement, and the ability of self-assembling on double-stranded DNA [7, 8]. Graphene quantum dots (GQDs) due to many characteristics includes a size of nanometer-scale and a single or few-layer graphene's structure, low cost, biocompatibility, low cytotoxicity, rich functional groups, etc have received enormous attraction [4]. 
Rahaie et al. (2021) developed a signal off nanobiosensor based on the fluorescent r-GQD@HTAB nanoparticle which was used to identify the SRY gene sequence in cell-free fetal DNA in a maternal blood sample with high sensitivity (LOD=0.082nM) and specificity [4]. 
Mansorian et al. (20170 reported a new miRNA detection method to identify mir-145 as a biomarker related to MS which can improve the diagnosis in early detection and management of MS disease.  Their strategy was based on hybridization the target miRNA with an oligonucleotide probe and creation a cascade of hybridization events that eventually reduces the fluorescent emission. The decrease in fluorescence emission intensity was linearly proportional to the different concentrations of the target miRNA from 0.1nM to 1.6nM, with less limit of detection of 0.1nM which can decrease by 0.016nM, theoretically.It can detect the microRNA in solution and real serum samples, where HCR was used to induce conformational changes of a hairpin oligonucleotide sequence, which served as the template for the formation of AgNC [9].
3- Electrochemical DNA-based biosensor 
Electrochemical Biosensors play a really important role for the detection of biological biomarkers. They combine the selective biochemical recognition with the high sensitivity of electrochemical detection. Besides, they are un-expensive, capable of being used by semi-skilled operators, also their measurement is rapid and need small volume of sample [10].
Azimzadeh et al. (2016) developed an electrochemical biosensor for detection of miRNA-155 based on an anthraquinone component named Oracet blue. The simple structure and fabrication of the biosensor was based on the thiol modified capture probe immobilized on gold electrode surface but the sensitivity of the biosensor was very considerable due to high resolution and low-noise reduction signals of the OB. The electrochemical signal had a linear relationship with the concentration of the target miRNA ranging from 2.0 fM to 8.0pM, and the detection limit was 0.6fM. Furthermore, the nanobiosensor showed high specificity, and was able to discriminate sharply between complementary target miRNA, single, three-base mismatch, and non-complementary miRNA [10].
In the other work, they reported an electrochemical biosensor with aim of the diagnosis improvement of the Alzheimer disease in early stages, and also easier, cheaper and more accurate than the current methods. Application of nanomaterials such as electrochemical reduced graphene oxide and gold nanowires, along with the application of screen-printed electrodes and also an electrochemical label with intercalating mechanism, enabled the nanobiosensor to achieve very good sensitivity down to 1.7 fM and also a broad linear range for quantification of the miR-137 as a confirmed and reliable biomarker for Alzheimer early detection. The accuracy and reliability of the nanobiosensor fabrication steps approved through different highly valued techniques and also the functionality of the nanobiosensor approved in the real sample of human plasma contains miR-137 [11].
3-
Conclusion

The design and fabrication of biosensors that can measure and evaluate a specific analyte with low cost, fast and simplicity, and without the need for complex tools is one of the most important concerns of clinical scientists. cffDNA and microRNAs are two main promising biomarkers which can use to detect genetically diseases in fetal or patient in early stages. There are several invasive and non-invasive techniques, to diagnose the genetic biomarkers in fetus before birth or patient. However, it is very important issue that the techniques are non-invasive and it can be performed, for example, in the early stage using non-invasive specimens such as stool, hair, or various organs that are easy to separate. 
In this manuscript, we tried to introduce three main groups of biosensor for detection of genetic biomarkers. Although this field has been begun in recent years but there is a broad range of the biosensors which can improve early diagnosis process significantly, however we try to bring feasible examples with our recent publish works.
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