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ABSTRACT 

At the current age, Bioinformatics and Computational Biology 

which is the field of science, includes not only Molecular 

biology but also Computer science and Databases, 

Information technology or Information management. The 

objective of this field is to develop methods and software 

tools for analyzing and interpreting biological data. The study 

of Computational Biology and Bioinformatics not only 

developing the phase of science but also developing so many 

cure of malignant and remarkable diseases in human span. For 

example, DNA replication can be considered the primal one. 

DNA replication causes cell division but when this is thwarted 

the unusual malady takes place. Fanconi Anemia is one of the 

unusual disorders which arises by the means of blockage of 

DNA replication. The subsequent outcome of Fanconi 

Anemia is cancer which is sometimes exacerbated and no 

other remedy found even along with drug. So, it is becoming 

vital to identify and finding of drug discovery methodology of 

Fanconi Anemia. Enormous research has been introduced to 

Fanconi Anemia which implicates the reason and clinical 

research. In this study we are going to propose an algorithm 

which will be able to identify the presence of Fanconi Anemia 

and will make a space to identify the target of drug discovery.  
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1. INTRODUCTION 
In recent time, it has been shown in several researches on the 

human genome that although many frequently occurring 

diseases are normally caused by inheritance of mutations in 

multiple genes at once, these types of diseases can also be 

caused by rare hereditary mutations in a single gene. This 

problem is implicated as Genetic disorders. Genetic Disorder 

causes mutation, residual DNA replication and lack of DNA 

replication. It can be exemplified the lack of replication in 

host body which causes diseases like Ataxia telangiectasia (A-

T) and Fanconi anemia (FA). The effects of Fanconi anemia 

are: 1.the majority develop cancer, 2.most often acute 

myelogenous leukemia, 3. 90% develop bone marrow failure 

(the inability to produce blood cells) by age 40. Fanconi 

anemia is a reason of affecting several parts of the body. 

Those people who have this condition may have bone marrow 

failure, physical abnormalities, organ defects, and an 

increased risk of certain cancers. 

The main functionality of bone marrow is to produce new 

blood cells. These include red blood cells, which carry oxygen 

to the body's tissues; white blood cells, which fight infections; 

and platelets, which are necessary for normal blood clotting. 

Around 90 percent of people who are affected with Fanconi 

anemia have impaired bone marrow condition that leads to a 

wan in the production of all blood cells (aplastic anemia). 

Affected people suffer from extreme tiredness (fatigue) 

because of low numbers of red blood cells (anemia), frequent 

infections because of low numbers of white blood cells 

(neutropenia), and clotting problems because of low numbers 

of platelets (thrombocytopenia). Fanconi anemia may also 

develop myelodysplastic syndrome, a condition in which 

immature blood cells fail to develop normally among affected 

people. More than half of the people have physical 

abnormalities with Fanconi Anemia. Irregular skin coloring 

such as unusually light-colored skin (hypopigmentation) or 

café-au-lait spots, which are flat patches on the skin that are 

darker than the surrounding area is involved by these 

abnormalities. According to the U.S. National Library of 

Medicine other possible symptoms of Fanconi anemia include 

malformed thumbs or forearms and other skeletal problems 

including short stature; malformed or absent kidneys and 

other defects of the urinary tract; gastrointestinal 

abnormalities; heart defects; eye abnormalities such as small 

or abnormally shaped eyes; and malformed ears and hearing 

loss. People with this condition may have abnormal genitalia 

or malformations of the reproductive system. As a result, most 

affected males and about half of affected females cannot have 

biological children (are infertile). Additional signs and 

symptoms can include abnormalities of the brain and spinal 

cord (central nervous system), including increased fluid in the 

center of the brain (hydrocephalus) or an unusually small head 

size (microcephaly).People with Fanconi anemia have a 

waxed hazard of provoking a cancer of blood-forming cells in 

the bone marrow called acute myeloid leukemia (AML) or 

tumors of the head, neck, skin, gastrointestinal system, or 

genital tract. The likelihood of developing one of these 

cancers in people with Fanconi anemia is between 10 and 30 

percent.  

2. LITERATURE REVIEW 
Fanconi anemia (FA) is a part of a group of inherited bone 

marrow failure disorders that was initially described in 1927 

by Guido Fanconi. FA is a heterogeneous group of diseases 

with variable genotypes and phenotypes with defective DNA 

repair mechanisms. Many years after Fanconi’s report it 

became evident that defects in several genes can cause 

Fanconi anemia. Almost 40 years after Fanconi’s report it was 

Traute Schroeder who noticed spontaneous chromosomal 

breakage during routine cytogenetic analysis of FA patients 

[1], which classified FA as a chromosomal instability 

syndrome. Ten years later, Masao Sasaki discovered that the 

chromosomal abnormalities in FA cells were drastically 

enhanced by the DNA cross-linking agent mitomycin C 

(MMC) [2]. This observation has provided the basis for the 

widely used diagnostic chromosomal breakage test, as first 

introduced by Arleen Auerbach [3]. The vast majority of FA 

patients present in childhood when hematopoietic disease, be 
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it bone marrow failure or acute myeloid leukemia, 

predominates. The key treatment of such patients has been 

stem cell transplantation (SCT) [4]. Hematopoietic stem cell 

transplantation (HSCT) is the only treatment with a curative 

potential for the hematologic manifestations in this severe 

congenital disease [5-7]. Early experience with HSCT in the 

treatment of FA was unsuccessful because of the basic 

molecular defect in these patients: an excessive sensitivity to 

cytotoxic agents that led to severe radiation and 

chemotherapy-related toxicity, and consequently, a high rate 

of treatment-related mortality (TRM) as well as unusually 

severe graft-versus-host disease (GVHD) [8, 9]. In 2011 

Forty-one patients with FA (16 males, 25 females) who 

underwent 46 HSCTs in the 3 participating medical centers 

from June 1993 until September 2007 were included in this 

retrospective study. They used some statistical method like 

the Kaplan-Meier method to plot the probabilities of 

engraftment and OS, the significance was estimated by log-

rank test and logistic regression analysis and Chi-square was 

used to analyze some survival predictors [10]. To elucidate 

the molecular defect in FA cells, several labs started to 

identify the gene defects in the various FA complementation 

groups. In 1992, Manuel Buchwald’s lab identified the first 

FA gene, FANCC, using a home-made episomal cDNA 

expression library and the FA-C lymphoblast line HSC536 

[11]. This gene cloning method turned out to be quite 

powerful as it subsequently led to the discovery of FANCA, 

FANCE, FANCF, and FANCG in their lab [12–14]. The core 

complex, with FANCL as the catalytic subunit, acts as an E3-

ubiquitin ligase to monoubiquitinate FANCD2 and FANCI in 

conjunction with the E2-conjugating enzyme UBE2T [15]. 

Ubiquitin is removed from FANCD2 by the deubiquitinating 

enzyme USP1 [16]. An improved predictive machine learning 

approach using the feature selection technique and two class 

Linear Discriminant Technique (LDA) algorithm to accurately 

predict the active novel USP1/UAF1 inhibitor compounds 

[17]. XPF-ERCC1 Acts in Unhooking DNA Interstrand 

Crosslinks in Cooperation with FANCD2 and FANCP/SLX4 

and XPF depletion, but not MUS81 or FAN1 depletion, 

abrogates ICL repair [18]. To identify the target and 

validation of drug discovery many machine learning tools are 

used in bioinformatics [19]. In this study, an algorithm to 

identify the Fanconi Anemia has been proposed. 

3. BACKGROUND 
This section provides the necessary background on the 

problem. The difficulties are briefly explained along with the 

proposal.  

3.1 The Problem 
Fanconi anemia is most often inherited in an autosomal 

recessive pattern, which means both copies of the gene in 

each cell have mutations According to the U.S. National 

Library of Medicine. Mutations in at least 15 genes can cause 

Fanconi anemia. These genes generate proteins which are 

engaged in a cell process known as the FA pathway. The FA 

pathway is activated when the process of making new copies 

of DNA which is called DNA replication and blocked due to 

DNA damage. The FA pathway emits certain proteins to the 

area of damage, which triggers DNA repair so that DNA 

replication can be sustained. The FA pathway is particularly 

responsive to a certain type of DNA damage acquainted as 

interstrand cross-links (ICLs). The time of occurring ICLs is 

when two DNA building blocks (nucleotides) on opposite 

strands of DNA are abnormally attached or linked together, 

which stops the process of DNA replication [20,21].The 

motive of ICLs is building up of toxic substances which are 

generated in the body or by treatment with certain cancer 

therapy drugs [22].  

 

 

Fig 1: Structure of FA Pathway [23] 

Eight proteins linked with Fanconi anemia group together to 

form a complex known as the FA core complex. Two proteins 

called FANCD2 and FANCI are activated by the FA core 

complex [25-28]. The activation of these two proteins invoke 

DNA repair proteins to the area of the ICLs so that the cross-

link can be removed and DNA replication can sustain. 

According to the U.S. National Library of Medicine 80% to 

90% of cases of Fanconi Anemia are due to mutations in one 

of three genes, FANCA, FANCC, and FANCG. These genes 

provide instructions for generating material of the FA core 

complex. Mutations in any of the many genes associated with 

the FA core complex will cause the complex to be 

nonfunctional and disrupt the entire FA pathway. As a result, 

DNA damage is not repaired efficiently and ICLs grow up 

over time. The ICLs stop DNA replication, ultimately 

resulting in either abnormal cell death due to an inability to 

make new DNA molecules or uncontrolled cell growth due to 

a lack of DNA repair processes. Cells that divide quickly, 

such as bone marrow cells and cells of the developing fetus, 

are individually affected. The death of these cells results in 

the decrease in blood cells and the physical abnormalities 

characteristic of Fanconi Anemia. When the building up of 

errors in DNA leads to uncontrolled cell growth, affected 

individuals can develop acute myeloid leukemia or other 

cancers. Eventually, FA is the result of a genetic defect in a 

cluster of proteins responsible for DNA repair [24].  

3.2 Proposed Work 
This study proposes a very tractable approach of identifying 

the target of Fanconi Anemia in Drug Discovery. So many 

research paper have been reviewed on Fanconi Anemia to find 

out the methodology and its validation. Fanconi Anemia 

occurs in 1 in 160,000 individuals ubiquitous. This condition 

is more common among people of Ashkenazi Jewish descent, 

the Roman population of Spain, and black South Africans. In 

this study an algorithm to identify the Fanconi Anemia has 

been proposed. After the proposal all the processes have been 

described briefly which implies the involvement of Computer 

Science in this premises. Not only proposal but also 

introduction to online tools has been occupied in this study.  
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4. METHODOLOGIES 
During DNA replication and blockade due to DNA damage, 

FA pathway is activated which sends protein to the damaged 

DNA to repair. Cells derived from Fanconi anemia (FA) 

patients are hypersensitive to agents that induce DNA 

interstrand cross-links (ICLs) and exhibit ICL-induced 

chromosomal instability. As a result DNA replication 

hampered. The encoded gene in FA pathway have been 

grouped into three categories: (1) the FA core complex, 

including the E3 ligase, FANCL; (2) the ID2 complex, the 

substrate for the E3 ubiquitin ligase activity of the core 

complex; and (3) downstream proteins that possess a DNA 

repair or damage tolerance function.  

 

Fig 2: Algorithm of Target identification of Fanconi 

Anemia 

Core complex is essential for the monoubiquitination of the 

FA proteins FANCD2 and FANCI, however, the procedure by 

which ubiquitylated FANCI-FANCD2 improves these 

incisions remains unknown. A number of nucleases have been 

proposed to contribute in ICL repair, including MUS81-

EME1, XPF-ERCC1, FAN1, SLX4- SLX1, SNM1A, XPG, 

and FEN1. Their accurate roles have not been identified, but 

their activity is likely considerable at various stages of ICL 

repair, including unhooking, HR, and processing. XPF 

recruitment depends on SLX4 and recruitment is facilitated by 

FANCD2-ub (by Puck Knipsheer). Sometimes, XPF-ERCC1 

defects causes Fanconi Anemia. Algorithm 1 proposes how 

Target identification of Fanconi Anemia should work. 

4.1 Mutations of FA Gene 
A gene mutation is an enduring alteration in the DNA 

sequence that makes up a gene, such that the sequence differs 

from what is found in most people. Mutations range in size; 

they can affect anywhere from a single DNA building block 

(base pair) to a large segment of a chromosome that includes 

multiple genes. 

4.1.1 Substitution 
A substitution is a mutation that exchanges one base for 

another (i.e., a change in a single "chemical letter" such as 

switching an A to a G). 

4.1.2 Insertion 
Insertions are mutations in which extra base pairs are inserted 

into a new place in the DNA. 

4.1.3 Deletion 
Deletions are mutations in which a section of DNA is lost, or 

deleted. 

Jpred v.4 is the latest version of the popular JPred Protein 

Secondary Structure Prediction Server [41] which provides 

predictions by the JNet algorithm, one of the most accurate 

methods for secondary structure prediction [42], despite its 

apparent simplicity, the problem of quantifying the 

differences between two structures of the same protein or 

complex is non-trivial and continues evolving. In this section, 

several methods have been described which are routinely used 

to compare computational models to experimental answers in 

several modeling assessments [43]. 

 

Fig 3: Process of Identify Mutation 

4.2 Identify the OriC 
In molecular biology, DNA replication is the biological 

process which reproduces two new replicas of DNA from one 

original DNA molecule. The replication begins in a region 

called the origin of replication (OriC). The OriC region is 

always located within the intergenic region. Three methods 

are used to identify the OriC DNA asymmetry, DNA box 

distribution, DNA gene location. The tool Ori Finder has been 

used to find out the OriC [44].  

 

Fig 4: Process of OriC finding 

 

If (Fanconi Anemia Symptoms = Yes)  

If (Mutation of FA gene = Yes)  

 Causes Fanconi Anemia  

 Identify the mutated protein 

Which is valid target for drug discovery 

End If 
 

If (Is DNA replication off = Yes) 

 Identify the OriC 

 Identify the presence of ICL causing Fanconi Anemia 

 

If (Is ID2 Complex activated = Yes) 

If (UBE2T Protein<regular amount) 

Target found for drug discovery 

End If  

End If 
 Check Depletion level of XPF with respect to MUS81 and 

FAN1 

If (Check XPF – ERCC1 defected = Yes)  

Causes Fanconi Anemia which is the target found for 

drug discovery  

End If  

End If  

End If  

DNA 
sequence  

Ori 
finder  

Result  
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4.3 Identify the Presence of ICL 
In genetics, crosslinking of DNA takes place when several 

exogenous or endogenous agents react with two different 

positions in the DNA. This can take place in either the 

identical strand (intrastrand crosslink) or in the opposite 

strands of the DNA (interstrand crosslink). Crosslinks also 

take place between DNA and protein. DNA replication is 

thwarted by crosslinks, which cause replication stall and cell 

death if the crosslink is not repaired. Although the FA 

pathway might play a minor role in ICL repair during G1 

phase [30, 31], its primary function is exerted in S phase [32–

35]. These results suggest that ubiquitylated FANCI, 

FANCD2 controls ICL repair in S phase, but the underlying 

mechanism is unknown. The FANCM/FAAP24 sub-complex 

is considered to act as a “molecular sensor”, recognizing a 

replication fork stalled at an ICL and invoking downstream 

material of the ICL repair machinery. FANCM and its 

adjusted proteins FAAP24, MHF1 and MHF2 (FANCM-

interacting histone fold proteins 1 and 2) bind preferentially to 

branched DNA structures in vitro [36-38] and FANCM-

depleted cells fail to invoke the Fanconi core complex or to 

mono-ubiquitylate the FANCD2-FANCI heterodimer, key 

events that occur during normal ICL repair [39].  

 

Fig 5: Methodologies to ICL Recognition 

4.4 ID2 Complex Activation 
FA/BRCA pathway is activated during the DNA replication 

period which invoke the FA core complex. The FA core 

complex which illustrate the upstream part of the pathway, 

form of FANCA, -B, -C, -E, -F, -G, -L, -M, and two FA-

associated proteins FAAP24 and FAAP100. This complex is 

important for the mono-ubiquitination of the FA proteins 

FANCD2 and FANCI which is called the ID2 complex and 

responsible to invoke downstream proteins including SLX4 

and XPF-ERCC1. In this reaction, FANCL is the E3 ubiquitin 

ligase and UBE2T is the E2-conjugating enzyme. Mono-

ubiquitinated FANCD2 and FANCI co-localize in damage-

induced nuclear foci with BRCA2, which, together with its 

binding partner PALB2 and BRIP1 belong to the downstream 

branch of the pathway. Ubiquitin is removed from FANCD2 

and FANCI b the deubiquitinating enzyme USP1 [22]. 

Sometimes, deficiency of UBE2T causes Fanconi anemia 

because UBE2T is responsible for ubiquitination of ID2 

complex [40].  

 

 

Fig 6: ID2 complex Activation [40] 

From the Algorithm we can write the process like: 

 

Fig 7: Process of Identifying ID2 Complex Activation 

4.5 XPF-ERCC1 Defection 
A number of nucleases have been suggested to manipulate in 

ICL repair, including MUS81-EME1, XPF-ERCC1, FAN1, 

SLX4-SLX1, SNM1A, XPG, and FEN1. Their clear roles 

have not been understood, but their activity is likely important 

at several phases of ICL repair, including unhooking, HR, and 

processing and removal of the unhooked seize. The 

interaction domain of SLX4 with XPF-ERCC1 is important to 

confer resistance to ICL inducing agents, and SLX4 co-

localizes with XPF-ERCC1 in nuclear foci [45], suggesting 

that the interaction with XPF is important for the function of 

SLX4 in ICL repair. Sometimes, XPF-ERCC1 defects causes 

Fanconi Anemia.  
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Fig 8: Process of Identifying XPF-ERCC1 Defect 

5. CONCLUSION 
Several malady causes as a result of lack of DNA replication. 

Fanconi Anemia is the result of a genetic defect in a cluster of 

proteins responsible for DNA repair which means DNA 

replication averted. During the DNA replication blockade FA 

pathway invoke proteins to repair the damaged DNA. This 

invocation process is very complex. There are three phase 

which implicates the complex process: (1) Upstream: the FA 

core complex (2) Nexus: the ID2 complex (3) Downstream:  

proteins that possess a DNA repair. Disruption in certain 

protein in this complex process causes Fanconi Anemia like 

mutation in FA gene, shortage of UBE2T protein, XPF-

ERCC1 defection and abnormal depletion of XPF. So, 

proposed algorithm which has been described in this study 

could enhance the solution for target identification of Fanconi 

Anemia effected people. At long last, it remains space for the 

future research and development on several fields which can 

be carried on like identify DNA mutation of Fanconi Anemia 

using methods of protein structure comparison, ICL 

recognition of Fanconi Anemia using machine learning tools. 
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