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ABSTRACT
Somatic cell mutation is able to create genetic variance in a cell population and can induce cancer and
tumor when gene mutations took place at repressor gene in controlling cell cycles such as p53 gene.
Whereas germline cell mutation can cause genetic disease such as sickle cell anemia, breast cancer,
thalassemia, parkinson’s as well as defect of biochemical pathway that influence drug-receptor
interaction, which has negative effect and lead to hospitalized of patient. Most of reports mentioned that
point mutation such as a single base of nucleotide substitution (purine replaced by purine or transversion
(purine replaced by pyrimidine or vice versa) that affected genetic disease as well as adverse drug
reaction that involved genetic factors. Mutation that occurred in germline cell would be inherited to the
progeny, and these mutated genes can spread in a population through fertilization process. Mutation that
occur in coding frame of DNA region which of their expression are responsible for synthesis of specific
products could be rise of genetic disease, because the lost of gene function. Similarly, mutation that take
place for CYP450 gene family which related to drug metabolism included pharmacokinetic and
pharmacodynamic gene function could affect drug biosynthesis and degradation. Abnormality of drug
metabolism that results in pharmacogenetic effect which is indicated by adverse drug reaction to
individual that severe metabolite defect. On the future, therapy of genetic disease as well as abnormal of
drug metabolism can be directed into gene therapy techniques with using stem cell engineering.
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INTRODUCTION
Gene mutation in human genome is difficult to predict when alteration of DNA structures took
place by environmental factors, such as chemical mutagen or cosmic radiation. A lot of factors caused
mutation occurs in gene level especially for somatic cell mutation. Gene mutation (point mutation) can
occur spontaneously that is caused by several of source or occurred error during DNA replication,
chemical carcinogenic, virogenic, and ionic radiation. Similarly, methylation, and transposable genetic
element could give abnormal gene product with behave like gene mutation, but DNA methylation and
transposable genetic element, sometimes only provide temporary prevents of normal gene expression that
lead to change of phenotypic performance called as epigenetic effect. Even recent report mentioned that
epigenetic can be inherited and give several effects on genetic diseases. Epigenetic is an biological term,
methylation is one of cause factor of epigenetic, which usually occur methylation at Cytosine (CpG)
become methyl cytosine12,45, while lysine 9 of histon H3 methylation influenced assembly of chromatin
structure59. Histon modification was affected by methylation that influenced gene transcription and
expression; hence DNA methylation modified histone structures are disrupted in cancer cell24.
One of gene mutation source is chemical that enter into body through food and air. Mutation effect can be
harmful to the life when coding region of the gene occur mutation, which causes alteration of amino acid
sequence in a polypeptide chain. These alteration affected protein function when compared to original one
(wild type). When alteration of protein function related to disorder of metabolism some drugs or
biochemical pathway which influences importance characters can create disease related to genetic.
Abnormality of protein function related to gene mutation, genotypically as well as phenotypic
performance can be observed by identification of amino sequence from a polypeptide chain which related
to phenotypic abnormality.
Gene mutation is source of genetic variance and genetic polymorphism, these gene mutations can arise
several possibilities i.e. genetic diseases, receptor mutation, and adverse drug reaction (ADR) in human.
This adverse drug reaction in human body can be harmful for health and the life, most of cases are
reported that mutation type is point mutation that brings about defective some P450 enzymes, examples:
CYP2D6 and CYP2C9 gene mutation23,39,79. Both of the gene mutation of drug-metabolizing enzymes
and another defective protein function in human can make shorter human life span. A lot examples, gene
mutation influences biochemical pathway that caused metabolite disorder such as Parkinson’s, Alzheimer,
x, thalassemia, and hemophilia14,31,55. Parkinson’s gene mutation has been investigated from Parkinson’s
family history14,22,31, the gene called Park 8 and make protein named “dardarin” for the basque word for
tremor, which indicate a symptom of the progressive and fatal nerve disease61. Other genetic disorders are
Hemoglobinopathies and thalassemias, while most of cases were reported that mutation in coding frame
of these gene occurred substitution of amino acid that arrange a polypeptide chain of hemoglobin15.
Hemoglobin (Hb) is a four chain (tetrameric) oxygen carrying protein of red blood cell (erythrocytes).
Two mayor globins genes product, i.e., .α and β chain, two symbols for α- globin genes are HBA1 and
HBA2, whereas symbol for β globin gene is HBB. To make easy understanding, sometimes researcher
provides symbols for hemoglobin gene mutation such as Hbs (HBB, Glu6Val) and HbMiyano (HBA1,
Thr41Ser). The meanings of the symbols are: Hbs, hemoglobin associated with sickle cell anemia;
whereas Glu6Val substitution glutamate (6) to Valine. Hundreds variant of allele were detected from
patient which has sickle cell anemia for examples it found that 189 allelic variant from HBA1, 34 for
HBA2, 276 for HBB19. According to Stamatoyanopoulus, et al., cit. Albertini et al.3 RBCs variant that
was caused by somatic mutation has degree complexity. Disease that is caused by gene mutation which
caused hemoglobin reduction was thalassemia (Cooley anemia) 13,58. This disease was caused by low
production of .α or β globins chain.
Genetic variant arise in human genome in successive generation are caused by germline cells mutation,
probable was inherited by their parental or it occurred spontaneous mutation during spermatogenesis or
oogenesis. Example, these spontaneous mutation happened at Royal family history in Europe, which
suffer the classic hemophilia, they are coming from both normal parental30. This classic hemophilia, is
also called as hemophilia A, is a sex linked recessive disorder and characterized by a deficiency of factor
VIII, located on chromosomes 842. Hemophilia A disease affects 1 in 10.000 males, because X–linked
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disease, spontaneous mutation of this gene contributed and wide-spread in a population62. Nonsense
mutation in coding frame such as Ser1395stop and Arg427stop are found in severe hemophilia36 and
occur inversion breaking intone 1 of factor VIII gene4.
Gene mutation related to drug response in human individual called as pharmacogenetic, this new
field that constitute integration of pharmacology and genetic factor into study drug metabolism and its
effect in human body. Whereas understanding pharmacogenomic can be interchangeable with
pharmacogenetic, because in a pharmacogenomic study about adverse drug reaction deal with genome,
while pharmacogenetic deal with individual gene in a genome. The study of adverse drug reaction into
individual related to genetic defect, especially for CY P450 gene family can be directed onto Marker Aid
Selection (MAS), when molecular markers are ready to be used for identifying specific gene. DNA
sequence of human genome was completely finished in 2002, and already known gene sequence for
specific trait, hence, it can be used as marker to detect gene mutation of individual when they are
suspected to severe genetic disease based or metabolic defect based on phenotype performance.
Molecular biology techniques are common techniques which share between plants and human system as
well as for DNA identification, DNA separation, RNA isolation, and DNA detection for genetic
polymorphism.
SOMATIC AND GERM CELLS MUTATION
Eukaryotic organism consisted of billion of cells included both reproductive and somatic cells.
The mature eukaryotic organism, there are two cells types i.e. Somatic cells (diploid) and germ cells or
reproductive cell (haploid). Reproductive cells are produced by meiosis cell division derived from.
Diploid cell in mammals, somatic cell mutation cannot be inherited to progeny, whereas mutation take
place in germ cell lines will be transmitted to progeny during fertilization process. Somatic cells are
diploid and they have one set of chromosomes, they are descended half from mother and half from father,
while reproductive cells have half set of chromosomes called haploid. A lot of reports concerning with
somatic cell mutation that caused tumor or cancer in human such as prostate cancer43,63,65, as well as p53
gene mutation result in breast tumor or cancer6,81. Somatic loss of BRCA1 and p53 that cause repressor
gene function such as p53 in active and lead to BRCA1 and BRCA2 tumor 6, 82, BRCA1 transcriptionally
regulate genes involved in breast tumorigenesis86. Most of cases BRCA1 and BRCA2 germline mutation
can be detected to early onset of familial breast cancer and there are predisposition to ovarian and another
cancer6,37,57,82. Environmental factor, chemical substances, and error occurred during DNA replication
can lead to somatic cell as well as germline mutation. In vivo somatic cell mutation can occur by
methylation at nitrogen base such as methylation at cytosine (C) becomes methyl cytosine or guanine (G)
changes into methyl guanine. According to Chang et al13 that exposure to vinclozolin act as endocrine
disruptor indicated permanent DNA methylation, and inherited to the next generartion. This pattern can
be used for studying genetic disease caused by methylation. Methylated nitrogen base, possibility could
not be recognized by RNA polymerase during transcription processes while transposable genetic element
which occupy at coding frame of DNA or promoter in front of start point of transcription site can losses
gene expression. Spontaneous somatic and germinal cell mutation reported by Kuick et al.49 that
similarity of spontaneous mutation rate was found between germinal and somatic cell. Several factors
which of gene can be mutated by physical and chemical mutagen, error during DNA replication, and
radiation occur from cosmic (Fig. 1). DNA chain is fragile to be disrupted by chemical and physical
substance, hence gamma radiation can be used for induced mutation research, especially in a crop
improvement and cell cancer research
Somatic cell mutation in plant can be inherited into progeny because functional cells are able to
differentiate into mature plant. One of example for somatic cell mutation is transgenic plant (insertion
mutant). Insertion of foreign gene into single somatic cell (vegetative cell) that is able to provide
totipotence into mature plants that will give reproductive cells (ovum and pollen) that bring inserted gene,
and it is transmitted into next generation. Another somatic cell mutation which is caused by chemical
mutagen (EMS, nitrosamine, NOx) or physical mutagen (gamma rays, neutron, and X rays) was obtained
superior alleles in crops plant, these mutated gene can be inherited to progeny when plant can be obtained
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through somatic embryogenesis. We have experienced the use of physical mutagen such as gamma rays
to irradiate rice scutellum of embryos, this scutellum is diploid cell (2n), induced mutation using gamma
rays with dose of 15 Gy. Embryogenic callus derived from these irradiated scutellum were obtained
during tissue culture processes. These embryogenic callus were able to produce plantlet and given seeds.
Observation under stereo microscope showed that morphologically gave normal performance of pollen
and ovary, even genotypic ally, these reproductive cell occurred gene mutation. DNA fingerprinting has
been carried out on subsequent generation of this mutant line called R1M2 generation, we were detected
genetic polymorphism on mutant lines when compared to their parental.
Technology of mammalian cell culture left behind compared to plant tissue culture. Somatic cell
culture of mammalian are still restricted only for cell proliferation. Animal stem cell culture has not been
yet ready for differentiation into intact organism like plant tissue culture, even the research ethically is not
allowed to be carried out in human. The success of Dolly story in cloning strategy using diploid nuclear
genome, at least, it opened new era in research of mammalian cell culture, even though it is not purely
cell differentiation derived from somatic cell, because they only took nuclear genome (2n) and
transferred to egg cell without nucleus which is removed from the cell.
Error occur in a DNA
replication

Radiation from
Cosmic

Gene mutations

Mutagens
- Physical
- Chemical

1. DNA Methylation
2. Transposable element

Figure 1: Several factors can cause gene mutations in human genome like indigenous factors e.g. error
occur during nature DNA replication and methylation as well as transposable genetic element. Whereas
external factor such as physical(X rays, gamma rays, fast neutron, and ultraviolet) and chemical (EMS
and Knox) mutagen and radiation from cosmic also can create randomly mutation in a genome as well
CYTOCHROME P450 GENE MUTATION
CYP450 enzymes present in plants, animals and human, the study of this enzyme function in
human has focused on drug-metabolizing enzyme which is responsible for the oxidative metabolism of
numerous endogenous compounds18. These CYP enzymes have been identified more than 7700 in various
organisms in the year 2007. CYP450s are heme-containing protein, the term of CYP450 based on their
initial identification in red liver pigment (P) which of protein produced a characteristic absorption
spectrum peak at 450 nm32. CYP450 enzymes in bacteria, fungi, insect, plant, and mammals can be also
considered as oxygen-utilizing enzymes that catalyze diverse compounds that serve as substrate such as
cholesterol, steroid hormones, fatty acid, drugs, food additive, and etc20,32. CYP71AVI in plant (Artemisia
annua) was key role in biosynthesis of sesquiterpene lacton artemisinin as anti malaria77. Cytochrome
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P450 proteins are super family that containing hundreds of genes, their gene products have been studied
in relationship with drug action such as inhibition or induction of adverse drug reaction, production of
steroid hormones, and prevent cellular damage with produce reactive molecule. Human CYP450 enzymes
can be found in the inner membrane of mitochondria, endoplasmic reticulum of the liver. Most of
scientists are interesting to study in drug metabolism and toxicity related to CYP450 enzymes as catalyst.
Mutation that occurs on CYP gene that acts as drug-metabolizing enzymes will influence individual drug
response. Individual genetic variation related to drug response influence pharmacokinetic such as
absorption, distribution, metabolism and excretion as well as pharmacodynamic, cause lack of efficacy
and toxic effects7. Cytochrome P450 (CYP450) play importance role in drug metabolism and drug-drug
interaction10. Alteration of metabolic enzymes function from CYP450 caused by mutation, these enzymes
can act as inducer or inhibitor, hence understanding genetic related to these enzymes function in a drug
interaction is importance to help individual from adverse drug reaction
Mutation in CYP450 genes which are related to drug metabolism is arisen new term i.e.
Pharmacogenetic. The term of pharmacogenetic is different individual response to drug which due to
genetic variance, it is caused by gene mutation. When two persons get similar disease with the same
disease symptom, they are treated with similar drug by medical doctor, one of them get therapeutic effect,
but another one get adverse drug reaction. Why this one can happen into some one, the answer is gene
mutation occur at gene level, which is responsible for metabolize of these drug reaction. Genetic
polymorphism related to drug response in human has been observed recently, especially for CYP2D6,
TPMT (Thiopurine methyltransferase), and CYP2C9 23,38,39,67,71,72,74,79,85, CYP2D6 enzyme has function to
metabolize codeine into morphine and another substrate, most of this enzyme involved in drugs
metabolism. Mutations of CYP2D6 gene that cause ultra rapid metabolize codeine into morphine or very
slow29,35,74. CYP2D6 gene is located on chromosomes 22, together with pseudogenes CYP2D7P.
Another case is mutation at CYP2C9 gene related to metabolize warfarin that used as oral anticoagulant
for people suffer coronary artery disease and venous thrombosis. Genetic variant at CYP2C9 gene alter
rate of its metabolism, can lead to rapid or slow warfarin metabolism1,68,90,
Most of cytochrome P450 protein in human was found in endoplasmic reticulum in hepatocytes
act as electron donor to flavoprotein was NADPH, was then become CYP450 Reductase, and mutated
CYP450 gene has implication in drug response in human body, and sometimes has harmful effect to
life32. Mutation of CYP450 gene related to drug metabolism should be known as early as possible through
genetic test, in order to avoid hospitalized patient from effects of ADR. Guttmachers and Collin35
mentioned that how importance of genetic test from the case to save life of kid four years old, who is
suffering acute lymphoblastic leukemia that have to receive oral mercaptopurine daily, but the kid is
homozygous for gene that encodes thiopurine S-methyltransferase, an enzyme catalysis mercaptopurine.
GENETIC BASIS OF RECEPTOR AND MUTATION
Receptors are macromolecule (protein) involve in chemical signaling between intra and extra
cellular. They are located on the cell surface and trans membrane examples: receptor of acetylcholine,
GABA, growth factors, and insulin receptor, whereas nuclear receptor present in cytoplasm such as
steroid hormone receptor, thyroid hormone receptors and androgen receptor. According to Laudet et al.
(1992), nuclear receptor derived from common progeny based on the DNA binding C domain, which can
be grouped into three sub families i.e. thyroid hormone and retinoic receptor, orphan receptor, and steroid
hormone receptors. Based on the types and function of receptor, it can be divided four types i.e. ion
channels (Ligand-gated ion channels), G-coupled receptors, enzymes-linked receptors, nuclear hormone
receptors. Receptor can be activated by physiological process in the cells and ligand binding site such as
drugs, hormone and neurotransmitters. Molecular biology development techniques aided to study drugreceptor interaction at molecular level. With advance molecular biology knowledge, it is possible to
design precisely drug based on their receptor-binding site. Gene regulation for receptor synthesis in a cell
is following the rule of eukaryotic gene regulation. Characteristic of a receptor is much depends on their
gene constituent that give their product into protein. Mutation in coding frame (exon) a receptor gene will
influence characteristic these receptor such as: ligand-binding site for receptor activation, hormone
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function and receptor-drug interaction. Both of aging and genetic mutation influenced receptor activity, it
was shown in clonidine biosynthesis which occur up rate like β-blockers for up-regulate of β-receptors or
down regulates e.g. rapid withdrawal of clonidine caused hypertensive crisis . Clonidine has been used for
decreasing arterial blood pressure75,84.
A lot of report mentioned about receptor mutation which created receptor polymorphism,
especially for nuclear receptor. One of example was an androgen receptor gene mutation that caused
androgen insensitivity syndrome53,66,80. Nuclear receptor Mutation Database (NRMD) showed that 893
mutations in 54 nuclear receptors81. Another nuclear receptor function as ligand–inducible transcription
factors like steroid receptor5,33. Androgen receptor (AR) that belongs to nuclear receptor family, this
receptor function as ligand–inducible transcription factors33. Most of nuclear hormone receptor is
hormone-regulated transcription factors such as thyroid hormone. In human, nuclear receptor family were
found 48 genes with diverse roles in metabolic homeostasis development, and detoxification47,80,89
reported patient with partial androgen insensitivity (AIS), because mutation occur in androgen receptor
gene, which occur substitution of a glutamine by a lysine at position 902. Another receptor gene mutation
cause phenotypic abnormality of male sexual development that range from a female phenotype such as
complete testicular feminization undervitilized or infertile men56, The androgen receptor gene mutation
database (ARDB) in 2004 was reported by Gottlieb et al34 that total receptor gene mutation 605, while
AR-interacting protein are 70. Gluco corticoid receptor (GR) polymorphism in genetic hypertension also
reported by Kenyon, et al. 46, this receptor is responsible for blood pressure, mutation of GR gene can
affect blood pressure in rat, because of negative feedback regulation of corticosterone synthesis is
reduced, because hormone access to glucocorticoid receptor is impaired. Mutation in the nuclear receptor
gene such as NR2E3 that cause a disorder of human retinal photoreceptor development characterized by
hyper function and excess of the minority S (short wave length or blue) cone photoreceptor type, but near
absence of function the majority rod receptor, it can also affected blindness16,41. NR2E3 mutations are
also associated with a unique autosomal recessive retinal disease, the enhanced S cone syndrome33.
G protein - coupled receptors (GPCRs), which represent over 50% of all drug target, these GPCRs
importance for pharmacogenetic investigation that related to gene polymorphism, which can influence
drug target44. Receptor-drug interaction involved two distinct processes: formation of drug-receptor
complex, and receptor activation. The ability of the drug-receptor complex to produce a physiological
response will determine its potency. The study of genetic variation in GPCRs is associated a wide
spectrum of genetic diseases and predisposition are important part to understand receptor function,
because they are target of therapeutic agent78. The GPCRs-ligand binding site can be studied by
combining site-directed mutagenesis and computer simulation and it will give some information about
molecular mechanism of ligand binding, receptor folding, and receptor activation48. Application of
molecular biology technique for receptor cloning has given precise information about receptor binding
ligand, Because G protein-coupled receptor for endogenous extra cellular ligands already known as
multiple receptor subtypes for a ligand e.g. two distinct classes of acetylcholine receptor, they were called
nicotinic and muscarinic receptors.
The syndrome of resistance to thyroid hormone (RTH) was characterized by an impaired
physiological response to thyroid hormone, because mutation occurs in thyroid hormone β gene, which
influences interaction between receptor and thyroid hormones. According to Yoh et al88 that two of the
RTH mutations uncouple co repressor dissociation from hormone binding; two additional RTH mutants
exhibit an unusually strong interaction with co repressor under all hormone conditions tested, and
artificial mutants that abolish co repressor binding abrogate the dominant negative activity of RTH
mutant.
PHARMACOGENETIC AND METABOLIC DISORDER
The term of pharmacogenetic has been accepted by wide-range of scientist, especially
Pharmacogenetic Working Group (PWG, an international representation from the pharmaceutical
industry70. Gene mutation related to drug metabolism and action in human created new discipline in
pharmacology, which is involved genetic factors that evoke adverse drug reaction has been studied. In
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recent year, study of drug reaction and metabolism in human have to be understood till molecular level,
these studies involve metabolite defect that is caused mutation CYP450 gene family as well as receptor
mutation as drug transporter and blocker. According to Alfirevic and Pirmohamed2, about 6.5% of
hospitalized patients in UK have been caused by adverse drug reaction (ADR). ADR has not been only
caused by metabolite defect or gene mutation, but the possibility also poor prescribing by medical doctor.
According WHO87 there is increasing evidence that pharmacogenetics will soon be playing an important
role in public health and understanding of genetic factors becomes necessary in medicinal treatment.
Understanding about molecular pharmacokinetic and pharmacodynamic of drugs in human body will help
to recognize as soon as possible when deviation of drug reaction occurs in body. Pharmacokinetic is
studying on drug concentration and disposition, whereas pharmacodynamic related to drugs mechanism
such as intensity and time responses to drugs in human body. Bioavailability of a drug depends on drug
design, absorption, distribution and elimination. Drug distribution and metabolism are started in liver
enzymes of Cytochrome P450 play a vital role in carrying out biosynthesis of drugs during metabolism, in
the long run transferred to kidney and urine respectively. Metabolite defect has not only influenced drugs
metabolite, but also arisen some disease related to genetic According to Guttmacher and Collin35 that
human gene mutation can lead to disease such as hypertension, diabetes, asthma, cancer and others.
Many reports mentioned that genetic disease derived from single gene mutation (point mutation).
Parkinson’s, Alzheimer’s and Huntington’s diseases are neurodegenerative disorder diseases that are
caused by point gene mutation. Missense mutation in the amyloid precursor gene of Alzheimer’s has been
reported by Goate et al31, this point mutation causes an amino acid substitution (Val → Ile) close to the
carboxy terminus of the β amyloid peptide. Recent report mentioned that Alzheimer’s disease can be
caused by more than one gene mutation which occupy at different chromosomes9,25,27,53,76, 83. According
to Waring and Rosenberg83 that putative Alzheimer’s disease gene such as PSEN1, PSEN2, and APP arise
on early-onset disease bellow 60 years old, whereas cause of Alzheimer’s disease ≥ 65 years old rather
complicated. Genetic evidence showed that cerebral accumulation of β amyloid (A β) was one of cause
of Alzheimer disease, Aβ accumulate was observed from a familial Alzheimer’s disease and that assume
occur at PEN-2 gene mutation25. Other genes that indicated Alzheimer was mutation in presenilin gene 1
and 2 were reported by several authors23,53,76. Presenilin gene mutation and precursor protein genes
mutation can cause early-onset Alzheimer’s disease53.
Relationship gene mutation with genetic disease, pharmacogenetic, and receptor mutation can be
seen on figure 2. Gene mutation can create genetic polymorphism, type of mutation can be transition i.e.
Purine to Purine or Pyrimidin to Pyrimidin, or transversion i.e. purin to pyrimidin or vice versa. The term
of missense mutation deal with substitution of single base example A (adenine) to T (thymine) in a codon
which affected alteration of amino acid code, of course, it influence amino acid sequence in a polypeptide
chain. These cases happen commonly in genetic disease and adverse drug reaction. Sickle cell anemia is
one of example from missense mutation, which occurring alteration of adenine to thymine in a codon
which affects alteration of glue to val. Single nucleotide alteration in a coding frame will influence
genetic code for specific amino acid. Alteration of protein characteristic which is caused by mutation
threatens life span and lead to death. According to Splawski et al73 around 450,000 individual every year
in United States die suddenly of cardiac arrhythmia, SCN5A sodium channel mutation is causal factors of
arrhythmia. The study proved that a homozygous missense mutation in SCN5A associated with atypical
ventricular arrhythmias and right structural abnormalities28. Nuclear receptor mutation has been reported
more than 893 nuclear receptors polymorphism. The functions of nuclear receptors are very important to
regulate gene expression, and they are important target for pharmaceutical industry81. One of NR gene
mutation related to disease is somatic androgen receptor mutation, cause of progression to hormonerefractory growth of prostate cancer 40.
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Figure 2: Gene mutation has affected in abnormality of different tissue and metabolic pathway into
human, when gene mutation occur in non nuclear receptor. pharmacokinetic and pharmacodynamic of
drugs action will be influenced in human body, while gene mutation which involved metabolic pathway
which is responsible for synthesis or degradation of chemical substances related to drug metabolism such
as CYP450 enzymes can create adverse drug reaction in human body. While gene mutation which of their
products (proteins) are responsible for building block such as hemoglobin, alteration of these protein
characteristic can create genetic disease like hemophilia.
GENE MUTATION DETECTION METHODS
DNA polymorphism in eukaryotic genome can be caused by insertion or deletion of nucleotides
chain and single nucleotide alteration as well. Insertion of foreign gene into host genome can cause
rearrangement host genome and disturbing another gene in host genome, hence, these foreign genes
integration in host genome occur randomly during cell cycle stage. Several methods have been developed
to detect gene mutation in human, animal and plants, most of these methods were PCR-based method.
Gene mutation detection methods are sharing together between human and plant for example; PCRBased Single nucleotide polymorphism (SNPs) screening methods i.e. single strand conformation
polymorphism (SSCP), micro satellite DNA and microarray11,52,60,69, Cleaved Amplified Polymorphic
Sequences (CAPs),
According to Cooper et al19 that DNA sequence of human genome more or less 99.9% identical
from one to another, because 0.1% from 3.2 billion base pair different from one to another person19.
Around 3.2 million nucleotides alteration occurred in individual which is caused by single nucleotide
mutation in a coding frame or non-coding frame. Recently, detection of single nucleotide alteration in a
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target sequence has been developed into efficient and inexpensive method. Genotyping for single
nucleotide polymorphism (SNP) can be met the need, even no one method for all50.
PCR-based single nucleotide polymorphism (SNP) screening method in a mutated gene is used more
frequent methods to detect single base change at polynucleotide chain. Screening methods can be vary to
detect single base mutation in genomic DNA such as microsatellite DNA, RT-PCR, SSCP, highthroughput method and multiplex mutagenically separated PCR. Allele-specific amplication (ASA)
technique, and sequence polymorphism-derived (SPD) marker can be used for detect single base
alteration in sickle cell anemia and others60. Single nucleotide mutation on coding frame of gene provided
commonly disease related genetic. Several genetics diseases that are caused by single nucleotide
alteration such as sickle cell anemia, hemophilia, Parkinson, and thalassemia showed missense mutation
in coding frame. Sufficient technology to detect single nucleotide change give rapidly results in making a
decision for patient therapy.
CONCLUSION
Mutation of CYP450 gene family can alter biochemical pathway of drugs metabolism because, a
lot of gene products of CYP450 related to drugs metabolism such as CYP2D6 and CYP2C9 which
involved pharmacokinetic and pharmacodynamic genes function and can lead to adverse drug reaction in
human. Similar phenomena was founded on gene mutation that involved drug receptor interaction that
influenced drug transport into cell target, it can be rapid or slow, hence consideration about genetic
factors that influence drug metabolism should be a part of medication for patient. Concerning to
CYP450 gene mutation or receptor mutation related to drug metabolism or drug transport was necessary
to develop understanding between genetic factor and drug function in point of view of pharmacokinetic
and pharmacodynamic related to drug metabolism into human.
Genetic disease such as Alzheimer, Parkinson, Sickle cell anemia, and Hemophilia which provided
common phenomena for gene defect function towards normal condition . Genetic disease that is caused
by point mutation such as thalassemia and hemophilia, it seem to be great possibility that gene therapy
method can be applied to these disease by mean of engineering their pluripotent stem cells and then
inserted back to related tissue in order to be able to produce new healthy cell.
REFERENCES
1. Adcock DM, Koftan CK, Crisan D, and Kiechle F, Effect of polymorphism in the cytochrome P450
CYP2C9 gene on warfarin anticoagulation. Arch Pathol Lab Med. 2004;128:1360-1363
2. Alfirevic A and Pirmohamed M, Pharmacogenetics of adverse drug reaction, Focus, quarterly bulletin of
pharmacovigillance review, 2007; 1:22-25
3. Albertini RJ, Nicklas JA, Robinson SH, and O’Neill JP, In vivo somatic cell gene mutations in humans,
In:Methods to assess DNA damage and repair: Interspecies comparisons, ed. Tardiff RG, Lohman PHM,
and Wogan GN, Published by John Wiley &Sons Ltd,,1994
4. Bagnall RD, Waseem N, Green PM, and Giannelli F, Recurrent inversion breaking intron 1 of the factor
VIII gene is a frequent cause of severe hemophilia A, Blood, 2002; 99:168-174
5. Beato M., Herrlich P, Schutz G, steroid hormone receptors: many factors in search of a plot, Cell 1995;
83:851-857
6. Bell DW, Erban J, Sgrol DC, and Haber DA, selective loss of heterozygosity in multiple breast cancers
from a carrier of mutation in both BRCA1 and BRCA2, Cancer Res. 2002; 62:2741-2743
7. Bennet IZ, Kroetz DL, and Sheiner LB, Pharmacokinetic: the dynamics of drug of absorption,
distribution, and elimination, In: Goodman & Gilman’s the Pharmacological basis of therapeutics, 9th
ed.(Hardman JG and Limited LE ed.) pp3-27, McGraw-Hill, New York,1996
8. Bernard S, Neville KA, Nguyen AT, Flockhart DA, Interethnic differences in genetic polymorphisms of
CYP2D6 in the U.S. population: Clinical implications, The oncologist 2006; 11:126-135
9. Bertram L, Hilturten, M., Parkinson M., et al., Family-based association between Alzheimer’s disease and
variant in UBQLN1, New Engl. J. Med. 2005; 352:884-894

International Journal of Research in Ayurveda & Pharmacy, 1(2), Nov-Dec 2010 273-286

Ishak et al / IJRAP 2010, 1 (2) 273-286
10. Bibi Z, Role of Cytochrome P450 in drug interactions, Nutrition & Metabolism, 2008;5:27
doi:10.1186/1743-7075-5-27
11. Boonham N, Walsh K, Smith P, Madagan K, Graham I, Barker I, Detection of potatoes viruses using
microarray technology: towards a genetic method for plant viral disease diagnosis, J. Virology Meth.
2003; 108:181-187
12. Cao H, and Wang Y, Quantification of oxidative single-base and intrastrand cross-link in unmethylated
and CpG methylated DNA induced by fento-type reagents, Nucleid acid Res. 2007; 1-2,
doi10,1093/nar/gkm497
13. Chang HS, Away MD, Rekow SS., Skinner MK, Transgenerational epigeneyic imprinting of the germline
by endocrine disruptor during gonadal sex determinantion, Endocrinology 2006; 147: 5524-5541
14. Clark LN, Ross BM, Wang Y, Mejia-SantanaH et al, Mutations in glucocerebrosidase gene are associated
with early-onset Parkinson disease, Neurology 2007; 69:1270-1277
15. Clarke GM., and Higgins TN, Laboratory investigation of hemoglobinopathies and thalassemias: Review
and Update, Clinical Chemistry 2000; 46:1284-1290
16. Cheng Hong, Aleman TS, Cideciyan AV, Khanna R, Jacobson SG and Swaroop A, In vivo function of
orphan nuclear receptor NRE3 in establishing photoreceptor identity during mammalian retinal
development, Human Molecular genetics 2006; 15 : 2588-2602
17. Conelly S, and kaleko M, Hemophilia A: current treatment and future gene therapy, Gene Theor Mol
Biol 1990;1:279-282
18. Coon MJ, Ding XX, Pernecky SJ and Vaz AND, Cytochrome P450: Progress and Predictions, Faseb J.
1992; 6:669-673
19. Cooper DN, Smith BA, Cooke HJ, Niemann S and Schmidtke J, An estimate of unique DNA sequence
heterozygosity in the human genome, Human genetic, 1985; 69:201-205
20. Denisov II, Makris TM, Sligar SG and Schlichting L, Structure and Chemistry of cytochrome P450,
Chem.rev. 2005; 105: 2253 – 2277
21. Devlin TM, Biochemistry with clinical correlations, 5th ed. Wiley-Liss, A john wiley & sons, inc,
Publication, USA., 2002; pp:466-491
22. Di Fonzo A, Chien HF, Socal M, Giraudo S, Tassorelli C, IIiceto G et al. ATP13A2 missense mutations
in juvenile parkinsonism and young onset Parkinson disease, Neurology 2007; 68:1557-1562
23. Dickman LJ, Rettie AE, Kneller MB, Kim RB, Wood AJJ, Stein CM., Wilkinson. GR, and Schwarz UI,
Identification and functional characterization of a new CYP2C9 variant (CYP2C9*51) expressed among
African Americans, Mol. Pharmacology 2001; 60:382-387
24. Esteller M, Epigenetic in cancer, N Engl J. Med. 2008; 358:1148-1159
25. Ezquera M, Lleo A, Castellvi M, Queralts R, Santacruz P, Pastor P, Molinueva JL, Blesa R., and Oliva,
R, A novel mutation in PSEN2 gene (T430M) associated with variable expression in a family with earlyonset Alzheimer disease, Arc. Neurol 2003; 60:1149-115
26. Friedman E, Bar-Sade Bruchim BR, Kruglikova A et al, Double heterozygotes for Ashkenazi founder
mutation in BRCA1 and BRCA2 genes, Am.J. Hum. Genet 1998; 63:1224-1227
27. Frigerio CS, Piscopo P, Calabrese E et al, PEN-2 gene mutation in a familial Alzheimer’s disease case, J.
Neurol 2005; 252:1033-1036
28. Frigo G, Rampazzo A, Bance B, Pilichou K, Beffagna G, Danielli GA, Nava A, and Martini B,
Homozygous SCN5A mutation in brugada syndrome with monomorphic ventricular tachycardia and
structural heat abnormalities, Europace 2007;9: 391-397
29. Gasche Y, Daali Y, Fathi M, Chiappe A, Cottini S, Dayer P, and Desmereles J, Codein intoxicatio
associated with ultra rapid CYP2D6 metabolism, N Engl J Med 2004; 351:2827-2831
30. Gelehrter TD, Collin FS, and Ginsburg D, Principles of medical genetic, 2nd ed., William @ Wilkins, A
waverly Company 1998; pp:137-139
31. Goate A, Christine M, Harlin C et al, Segregation of missense mutation in the amyloid precursor protein
gene with familial Alzheimer’s disease, nature 1991;349:704-706
32. Glue P, and Clement RP, Cytochrom P450 enzymes and drug metabolism-basic concept and method
assessment, Cellular and Molecular Neurology 1999;19:309-323
International Journal of Research in Ayurveda & Pharmacy, 1(2), Nov-Dec 2010 273-286

Ishak et al / IJRAP 2010, 1 (2) 273-286
33. Gobinet J, Poujol N and Sultan C, Molecular action of androgens. Mol.Cell endocrinol. 2002; 198:15-21
34. Gottlieb B, Beitel LK, Wu JH, and Trifiro M, The androgen receptor gene mutations database (ARDB):
2004, Human mutation 2004; 23:527-533
35. Guttmacher AE, and Collins FS, Genomic medicine, The New England Journal of Medicine. 2002; 347:
1512-1520
36. Haider NB, Demarco P, Nyetuen AM, Huang X, Smith RS, McCall MA, Naggert JK, and Nishina PM.
The transcription factor Nr2e3 functions in retinal progenitors to suppress cone cell generation, Vis Neuro
Sci. 2000; 23:917-929
37. Hall JM, Lee MK, Newman B, Morrow JE, Anderson LA, Huey B, King MC) Linkage of early-onset
familial breast cancer to chromosome 17q21, Sci. 1990;250:1684-1689
38. Hersbereger M, Marti-Jaun J, and Rentscher E, Rapid detection of the CYP2D6*3, CYP2D6*4 and
CYP2D6*6 alleles by tetra primer PCR and of the CYP2D6*5 alleles by multiplex long PCR, Clin Chem.
2000;46:1072-1077
39. Hummel MA, Locuson CW, Gannet PM, Rock DA, Mosher CM, Rettie AE and Tracy TS. CYP2C9
genotype-dependent effects on in vitro drug-drug interactions: Switching of benzbromarone effect from
inhibition to activation in The CYP2C9.3 variant, Mol. Pharmacology 2005; 68:644-651
40. Hyytinen ER, Haapala K, Thompson J, Lappalainen I, Roiha M, Koivisto PA,, Pattern of somatic
androgen receptor gene mutations in patients with hormone-refactory prostate cancer Laboratory
Investigation 2002;82: 1591-1598
41. Jacobson SG, Sumaroka A, Aleman TS, Cideciyan AV, Schwartz AB, Roman AJ, Mcinnes, RR,
Sheffiekd VC, Stone EM, Swaroop A, and Wright, AF, Nuclear receptor NR2E3 gene mutations distort
human retinal laminar architecture and cause an unusual an unusual degeneration, Human Mol. Genet.
2004;13: 1893-1902
42. James PD, Raut S, Rivard GE, Poon, M-C, Warner M, McKenna S, Leggo J, and Lillicarp D,
Aminoglycoside suppression of nonsense mutations in severe hemophilia, Blood, 2005;106:3043-3048
43. Jeronimo C, Nomoto S, Caballero OL, Usadel H, Henrique H, Varzim G, Lopes C, Fliss MS, and
Sidransky D, Mitochondrial Mutations in early Stage prostate cancer and Bodily Fluids, Oncogene ,2001;
20:5195-5198
44. Johnson JA, and Lima JJ, Drug receptor/effector polymorphisms and pharmacogenetics: current status
and challenges, Pharmacogenetics 2003;13: 525-534
45. Jones PA, and Takai D, The role of DNA methylation in mammalian epigenetics, science 2001;293:10681070
46. Kenyon CJ, Panarelli M, Zagato L, Torielli L, Heeley RP, Holloway CD, Fraser R, Casari G, Sutcliffe
RG, and Bianchi,G, Glucocorticoid receptor polymorphism in genetic hypertension, Journal of Molecular
endocrinology, 1998;21:41-45
47. Krasowski MD, Yasuda K, Hagey Lee R, and Schuetz EG, Evolutionary selection across the nuclear
hormone receptor superfamily with a focus on the NRII subfamily (vitamin D, pregnane X, and
constitutive androstane receptors), Nuclear Receptors; (http://www.nuclearreceptor.com/ content/3/1/2)
2005
48. Kristiansen K, Molecular mechanism of ligand binding, signaling, and regulation within the superfamily
of G-protein-coupled receptors: Molecular modeling and mutagenesis approaches to receptorstructure and
function, Pharm.Ther. 2004; 103:21-80 (Doi:10.1016/j. pharmthera. 2004.05.002)
49. Kuick RD, Neel JV, Strahler JR., Chu EHY, Bargal R., Fox DA., and Hanash SM, Similarity of
spontaneous germinal and in vitro somatic cell mutation rates in humans: Implication for carcinogenesis
and for role of exogenous factors in spontaneous germinal mutagenesis, Proc. Natl. Acad. Sci. 1992;
89:7036-7040
50. Kwok PY and Chen X, Detection of single nucleotide polymorphisms, Current Issue Mol.Biol. 2003;5:
43-60
51. Laudet V, Hanni C, Coll J, Catzeflis F, and Setehelin D, Evolution of Nuclear receptor gene superfamily,
Embo J. 1992; 11:1003-1013

International Journal of Research in Ayurveda & Pharmacy, 1(2), Nov-Dec 2010 273-286

Ishak et al / IJRAP 2010, 1 (2) 273-286
52. Leroy XJ and Leon K, A rapid method for detection of plant genomic instability using unanchoredmicrosatelite primers, Plant Molecular Biology Reporter 2000 ;18: 283a-283g
53. LIeo A, Blesa R, Queralt R, Ezquerra M, Molienuevo Jl, Rojo A, and Oliva R, Frequency of Mutations in
the presenilin and amyloid precursor protein genes in early-onset alzheinrs disease in Spain, ArachNeurol
2002;59:1759-1763
54. Mata IF, Samii A, Schneer SH et al, Glucocerebrosidase gene mutation, Archives of Neurology 2008; 65:
379-382
55. McPaul MJ. Androgen receptor mutation and androgen insensitivity, Mol. Cell Endocrinol 2002 ;198:6167
56. McPaul MJ, Marcelli M, Zoppi S, Griffin JE, and Wilson JD, Genetic basis of endocrine disease: the
spectrum of mutations in androgen receptor gene that causes androgen resistance, Endocrinol.Metab.
1993; 76:17-23
57. Meyer P, Voigtlaender T, Bartram CR and Klaes R, Twenty-three novel BRCA1 and BRCA2 sequence
alterations in breast and/or ovarian cancer families in Southern Germany , Human Mutation 2003; 22:259
(DOI:10.1002/humu:9174)
58. Mentzer WC, and Kao YWK, Prospects for research in hematologic disorder:Sickle Cell disease and
thalassemia, Jama 2001; 285: 640-642
59. Nakayama J, Rice JC, Strahl BD, Allis CD, and Grewal SIS, Role of Histone H3 Lysine9 Methylation in
Epigenetic Control of Herochromatin Assembly, Science2001; 292:110-113
60. Nakitandwe J, Trognitz F and Trognitz B, Reliable allele using SNP-based PCR primers containing
locked nucleid acid: Application in genetic mapping, Plant Methods, http://www.plant methods.
com/content/3/1/2, doi:10.1186/1746-4811-3-2(2007)
61. Nisho Y, Nakano Y, Matsumoto K, Hashimoto M, Kazui H, Hirono N, and Ishii K, Striatal intact mimick
in frontotemporal dementia: a case report, Eur J. Neurol, 2003: 10: 457-460
62. Paisan-Ruiz G, Jain S, Evans EW, Gilks WP et al, Cloning of the gene containing mutations that cause
PARK8-linked Parkinson’s disease, Neuron, 2004; 44:595-600
63. Parr R, Dakubo GD, Crandall KA, Maki J et al. Somatic mitochondrial DNA mutations in Prostate
Cancer and Normal Appearing Adjacent Glands in Comparison to Age-Matched Prostate samples
Without Maglinat Histology,J. Mol. Diagnostics 2006;8:312-319
64. Peretz JA, Rosenbaum H, and Bruch RG, Mutation in glucocerebrosidase gene and parkinson’s disease in
Ashkenazi Jews, N Engl.J.Med. 2004;351:1972-1977
65. Petros JA, Baumann AK, Ruiz-Pesini E, Amin MB, Sun CQ Hall J et al, mtDNa mutation increase
tumorigenicty in prostate cancer, Proc Natl Acad Sci. USA 2005;102:719-724
66. Quigley CA, De Billis A, Marschke KB, el-Awady MK, Wilson EM and French FS. Androgen receptor
defects: historical, clinical, and molecular perspective. Endocr review 1995; 16:271-321
67. Sadler JE, and Davie EW, Hemophilia A, hemophilia B and vonWillebrand’s disease, In the molecular
basis of blood disease, A.W. Nienhuis, P. Leder, and P.W. Majerus eds., New york; W.B. Saunders co.,
pp. 575 .1987
68. Sanderson S, Emery J, Higgins J, CYP2C9 gene variants, drug dose, and bleeding risk in warfarin-treated
patients: a HuGEnet systematic review and meta-analysis, Genet Med. : 7:97-104
69. Sato Y, and Nishi T. Mutation detection in rice waxy mutant by PCR-RF-SSCP, Theor.Appl. Genet.,
2005; 107:560-567
70. Schmith VD, Campbell DA, Sehgal S, Anderson WH, Burns DK, Midleton LT and Roses AD
Pharmacogenetics disease genetic of complex disease, Cell. Mol. Life Sci. 2003; 60:1636-1646
71. Shastry BS, Genetic diversity and therapeutic concepts, J.Hum Genet, 2005; 50: 321-328
72. Shi MM, Bleavins MR, and De La Iglesia FA. Pharmacogenetic application in drug development and
clinical trial, Drug Metabolism and Disposition, 2005;29: 591-595
73. Splawski I, Timothy KW, Tateyama M, Clancy CE, Malhotra A, Beggs AH, Cappucin FP, Sagnella GA,
Kass RS and Keating MT Variant of SCN5A sodium ion channel implicated in risk of cardiac arrhythmia,
Science 2002; 297:1333-1336

International Journal of Research in Ayurveda & Pharmacy, 1(2), Nov-Dec 2010 273-286

Ishak et al / IJRAP 2010, 1 (2) 273-286
74. Steijn LSW and Van Der Weide J. Ultra rapid drug metaartesemia, metabolism: PCR-based detection of
CYP6 gene duplication, Clinical Chemistry 1998; 44:914-917
75. Talke PO, Caldwell JE, Richardson CA and Heir T, The effects of clonidine on human digital
vasculature, Anesth. Analg. 2000; 91:793-797
76. Tede A, Nacmias B, Ciantelli M, Forleo P et al, Identification of presenilin gene mutations in early-onset
familial Alzheimer disease, Arch.Nerol. 2003; 60:1541-1544
77. Teoh KH, Polichuck DR, Reed DW, Novak G and Covello PS, Artesemia annua L (Asterareae) trichom
specific cDNAs reveal CYP1AV1 a Cytochrom P450 with key role in biosynthesis of anti malaria
sesquerterpene lacton, FEBS let 2006; 580:1411-1436
78. Thompson MD, Burnham WM and Cole DE, The G protein-couple receptors:Pharmacogenetic and
disease, Crit.Rev.Clin Lab. Sci, 2005;42: 311-392
79. Tracy TS, Hutzler JM, Haining RL, Retie AE, Hummel MA and Dickmann LJ, Polymorphic variants
(CYP2C9*3 and CYP2*5 and the F114L. active site mutation of CYP2C9: Effect on atypical kinetic
metabolism profiles, Drug metabolism Disposition 2002;30:385-390
80. Umar A, Berrevoets CA, Mai Van N, Leeuwen Marije van, Verbiest M, Kleijer WJ, Dooijes D,
Grootegoed JA, Drop LS, and Brinkmann AO, Functional analysis of novel androgen receptor mutation,
Q902K, in an individual with partial androgen insensitivity, the journal of clinical endocrinol. &
metabolism. 2005;90:507-515
81. Van Durme JJJ, Betler E, Folkertsma S, Horn F and Vriend G, NRMD: Nucelar receptor mutation data
base, Nucleic Acid Res. 2003; 31:331-333
82. Venkitaraman AR, Cancer susceptibility and functions of BRCA1 and BRCA2, Cell, 2002;108:171-182
83. Waring SC, and Rosenberg RN, Genome-wide association studies in Alzheimer’s disease, Archives of
Neurology 2008; 65:307-308
84. Weigert G, Resch H, Luksch A, Reitsamer HA, Fuchsjager-Maryl G, Schumetterer L and Gahofer G,
Intravenous administration of clonidine reduces intraocular pressure and alters ocular blood flow, British
Journal Opthalmology, 2007;91: 1354-1358
85. Weinshilboum R. Thiopurine pharmacogenetics: Clinical and molecular study of thiopurine
methyltransferase, Drug Metabolism and Disposition 2001; 29: 601-605
86. Welcsh PL, Lee MK et al, BRCA1 transcriptionally regulate genes involved in Breast tumorigenesis,
PNAS 2002; 99: 7560-7565
87. WHO, Pharmacogenetics and existing therapy, WHO drug information Vol 17, No. 2, 2003,
http://www.who.int/medicinedocs/en/d/Js4954e.2003
88. Yoh SM, Chatterje VKK and Privalsky ML. Thyroid hormone resistance syndrome manifests as an
aberrant interaction between mutant T3 receptor and transcriptional corepressors, Mol. Endocrinol. 1997;
11:470-480
89. Zhang Z, Burch PE, Cooney AJ, Lanz RB, Pereira FA, Wu J, Gibbs RA, Weinstock G, Wheeler DA.
Genomic analysis of the nuclear receptor family: new insight into structure, regulation, and evolution
from the rat genome, genome Research: 2004;14:580-590
90. Zandvliet AS, Huitema ADR, Copalu W, Yamada Y, Tamura T, Beijnen JH, and Schellens JH. CYP2C9
and CYP2C19 Polymorphic forms are related to increased indisulam exposure and higher risk of severe
hematologic toxicity, Clinical Cancer Research 2007;13: 2970-2976

Source of support: Nil, Conflict of interest: None Declared

International Journal of Research in Ayurveda & Pharmacy, 1(2), Nov-Dec 2010 273-286

