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RESUMO 

 

A existência de gémeos sempre fascinou e alimentou a imaginação humana. Apesar de serem 

popularmente apelidados de gémeos “verdadeiros”, os gémeos monozigóticos (MZ) são, no entanto, 

raramente idênticos. Muito foi especulado sobre a origem dos gémeos MZ e várias teorias foram 

propostas. A definição de zigotia permanece um dos principais problemas relacionados com os estudos 

sobre gémeos uma vez que as diferenças fenotípicas impunham uma classificação por vezes errada de 

dizigotia. Vários acontecimentos pós-fecundação estarão na origem das diferenças fenotípicas em gémeos 

MZ, começando pelo mosaicismo cromossómico, passando pela inactivação do cromossoma X e 

mecanismos de imprinting, até aos mecanismos epigenéticos muito em voga. Inúmeros casos de 

discordância foram já relatados em todo o mundo, desde a discordância para assimetria lateral, 

malformações major, crescimento fetal desigual e até mesmo à perda intra-uterina de um dos gémeos MZ. 

Isto poderá ter implicações a longo prazo na abordagem de doenças complexas e da sua predisposição, no 

transplante de órgãos e na leitura de estudos baseados em gémeos, o que poderá revolucionar a nossa 

visão sobre a medicina. O objectivo deste trabalho é fazer uma revisão do conhecimento actual sobre as 

diferenças genotípicas e fenotípicas entre gémeos MZ e as suas principais causas. 

 

Palavras-chave: Monozygotic twins; Epigenetic Processes; Twins studies; Phenotype; Genotypic 

variation. 
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ABSTRACT 

 

The existence of twins has ever fascinated and fed the human mind and imagination. Although 

popularly designated as “identical” twins, monozygotic (MZ) twins are very rarely truly identical. Much 

has been speculated on the origin of MZ twins and several theories have been proposed. The definition of 

zygosity remains one of the main problems related to twin studies since the phenotypic differences 

between pairs of twins would sometimes imply an erroneous classification of dizygosity. Several post-

fertilization events are responsible for the phenotypic differences between MZ twins such as 

chromosomal mosaicism, going through skewed X-inactivation and imprinting mechanisms, and 

epigenetic mechanisms very fashionable. Innumerous cases of discordance have been reported worldwide 

such as discordance for lateral asymmetry, major malformation, discrepant fetal growth and intrauterine 

death of the co-twin. This may have longterm implications in the approach of complex diseases and their 

predisposition, in organ transplantation and in the reading of twin based scientific studies, and may 

revolutionize our vision of modern medicine. The purpose of this paper is to review the genotypic and 

phenotypic differences between MZ twins and discuss their main causality. 

 

 

Keywords: Monozygotic twins; Epigenetic Processes; Twins studies; Phenotype; Genotypic variation. 
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 “Only to the individual, the soul is given.” Albert Einstein 

 

INTRODUCTION 

 

Often referred to as “identical”, monozygotic (MZ) twins are indeed very much alike, even 

though they are never “identical”.
[1] 

Since Galton‟s paper The history of twins published in 1865, the 

scientific community has been concerned in distinguishing “between the effects of nature and nurture”
[2]

. 

MZ twins continue to be analyzed for the prevalence and cause of multifactorial diseases and such studies 

are based on the assumption that MZ twin pairs are born genetically “identical” and were eventually 

exposed to different postnatal environment.
[3]

 However, phenotypic differences between MZ twins have 

been poorly explained by measurable environmental discordance despite various degrees of phenotypic 

differences observed in all traits
[4]

 and forms of discordance.
[5]

 

 The newer paradigm is not one of nature versus nurture, but of a complex and dynamic 

interaction between genetic, epigenetic and environmental factors that act un concert to establish the 

phenotype.
[6] 

The purpose of this review is to describe the phenotypic and genotypic differences of MZ 

twins that make each one of them unique. We based our review article on the extensive pubmed articles 

research and chapters of books about monozygotic pregnancy.  
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ON THE ORIGIN OF MONOZYGOTIC TWINNING 

 

Zygosity refers to the type of conception, i.e., whether twins arise from one or two fertilized eggs 

(MZ or dizygotic (DZ), respectively). MZ twins comprise about a third of all spontaneous twis. The type 

of membranes and placentation are postulated to represent the time splitting. According to this hypothesis 

(which was never proved) dichorionic diamniotic MZ twins (18-36%) have separate membranes and 

placentas and result from the abnormal splitting at the 2 cell stage to morula (day 0 to 3); monochorionic 

diamniotic twins (80%) separate at the inner cell mass, after the chorion has formed (day 4 to 7); 

monochorionic monoamniotic twins (2-4%) are believed to split at the late blastocyst (day 7 to 14) and 

conjoined twins (2/100,00) are assumed to split around day 14 resulting with incomplete division of the 

embryonic disc.
[7-8]

 

The recognition of zygosity in dichorionic MZ twins is based on physical similarities but even the 

most experienced practitioner might misclassify zygosity in about 6% of cases.
[8-9] 

In liked-sex 

dichorionic twins, we are blind to zygosity in about 44% of the twins. Despite observations of DZ 

monochorionic twins the “gold standard” defining monozygosity remains that all monochorionic twins 

are MZ.
[9]

 Biochemical characteristics such as blood type, enzyme polymorphisms and HLA types have 

also been used to classify zygosity. Nevertheless, DNA “fingerprinting” (quantitative fluorescence 

polymerase chain reaction) has been considered as the most reliable definition of zygosity. This may be, 

however, a somewhat misleading approach as all MZ twins share vascular placental connections and 

might have exhanged DNA (chimerism).
[8]

 

Why MZ twinning does occur in humans is not clear. Several theories for the origin of MZ twins 

have been proposed, such as the theory of the co-dominant axes, the cell repulsion theory, the depressed 

calcium levels theory, the blastomeres herniation theory and the zona pellucida assisted binary fissions 

theory.  Studies in animals indicate that delayed fertilization or implantation may lead to MZ twinning. 

The increase of MZ twinning following the use of all assisted reproduction technologies (ART), including 
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in vitro fertilization (IVF), suggests that abnormalities, weakning, or rupture of the zona pellucida may 

facilitate splitting of the inner cell mass by a direct lesion to the zona pellucida or some structural 

alternation during ART. Familial MZ twinning is a very rare event and its existence is highly 

questionable. It can be inherited from either side of the family. The defect may lie in the mutation of a 

gene encoding a protein responsible for the integrity of the zona pellucida, the very same mechanism 

proposed for assisted reproductive technologies.
[8] 

Arguably, a small proportion of oocytes might have an 

inborn propensity to undergo splitting with ART increasing the number of available splitting-prone 

oocytes.  Similarly to the 9-banded armadillo (the only other mammal that produces MZ quadruplets), 

human fertilized oocytes are able to undergo 2 binary fissions and to give rise to a variety of combinations 

of MZ pregnancies. This hypothesis places the already existing hypothesis into a broader perspective that 

respects recent observations from modern infertility treatments.
[10] 

Machin
[3] 

suggested that the post-zygotic events not only preceded the twinning event, but may 

actually trigger it. If two different cell clones exist within one early zygote, the differences between the 

clones may be sufficient to cause mutual „recognition and repulsion‟, resulting in the „splitting‟ into two 

embryos.
[11] 

Furthermore, intermediate forms of twinning have been identified, in monochorionic 

placentas, resulting in opposite-sexed and/or with significantly abnormal phenotypes. 
[1]

 All known 

intermediate forms of twinning are described by Machin
[1]

, including: polar body twinning, pathogenetic 

activation and cleavage of the ovum, dispermic fertilization by diploidization of the triploid zygote, and 

monochorionic DZ twin pairs with fusion of the trophoblasts.
[12] 

However, the most outrageous 

hypothesis for the origin of MZ twins placed so far as been proposed by Boklage that suggests that 

monozygotic and dizygotic twinning events arise from the same embryogenic mechanism.
[13] 
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MECHANISMS OF DISCORDANCE  

 

A number of phenotypic discordance in MZ twins have been described as a result of genetic or 

epigenetic mechanisms. 

 

Chromosomal mosaicism 

MZ twins may be of different chromosomal composition (heterokaryotypic twins).  

Two explanations for a discrepant karyotype in MZ twins are possible: a mitotic error resulting in 

mosaicism occurs before twinning and the mosaic is present in both fetuses but the distribution of the two 

cell lines is different or a mitotic error that occurs after the twinning event, resulting in a chromosomal 

aberration in only one fetus.
[14]

 Unequal allocation of the karyotypically abnormal cells in each twin 

accounts for all possible combinations of karyotypes observed in twins: abnormal/normal, mosaic/mosaic, 

abnormal/mosaic, normal/mosaic.
[15] 

 

  Blood mosaicism might also be present in the normal twin, as a result of twin-to-twin blood 

transfusion
[15]

,
 
and therefore, karyotyping in MZ twins that are discordant for some fetal abnormality 

should be performed in amniocytes and not in fetal blood. 
[14]

 

The situation is complicated by three factors, i.e., the timing of the event (present in somatic 

regions of one twin), the placental status of the chromosomes (i.e., interacting effects of confined 

placental mosaicism and confined MZ twin mosaicism), and the presence or absence of interfetal 

anastomoses, which might superimpose blood chimerism
.[3]

 

Since the first case of discordant gender in MZ twins reported by Turpin in 1961
[16]

, other cases 

of MZ twins with chromosomal anomalies and discordant phenotypes have been reported including 

discordant sex phenotype with mosaicism 46XY/45X , for Turner‟s syndrome in female twins with 

mosaicism 46XX/45X
[11, 14, 16-26]

, for trisomy 21
[11, 27] 

and for trisomy 13
[28]

. There are a few case reports of 

MZ twins with discordant phenotype and rare partial chromosomal anomalies including 22q11 deletion 
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[29-32]
, 7q syndrome

[33]
, monosomy 21 

[34]
and partial trisomy 1

[33]
. Trisomy 11p has already been 

reported
[15, 35]

, either associated with a non-specific clinical pattern or with the Beckwith-Wiedemann 

syndrome (WBS) when the additional region causes paternal disomy.
[15]

 

MZ pairs discordant for 45X emerging from 47XXY, 47XXX, 46XY and 46XX zygotes has been 

reported.
[3]

 

Different gender phenotypes are mostly due to loss of the Y chromosome in only one of the 

46XY MZ twins, mosaic loss of a structurally altered and thus mitotically unstable Y [mostly an inv 

dup(Y)] or alternatively, due to an assumed mutation in a sex-determining gene (for example, the SRY 

gene). Whereas it is possible that both twins are mosaics (sex chromosome loss is relatively frequent 

during early embryogenesis), such a mutation occurring after twin separation will, with extremely rare 

exceptions, occur in only one of the partners. Depending on the stage of embryogenesis, complete sex 

discordance or one male and one intersexual individual would be observed. Sex discordance could also be 

observed if a somatic mutation in a recessive or X-linked gene resulting in masculinization of external 

genitalia (adreno-genital syndrome) would occur in one of 46XX twins. A case of a recessive mutation, 

however, implies that one of the parents carries a mutation in this gene.
[26] 

 

MZ twins with concordant chromosomal aberration and discordant phenotypes have also been 

described. Several hypotheses may explain these findings, including mosaicism with different proportions 

of abnormal cells, differences in blood flow, placental vascular anastomoses leading to twin-twin 

transfusion and thereby to blood chimerism, confined placental mosaicism, and differences in epigenetic 

control as recently postulated for MZ twins with chromosome 22q11 deletion.
[36]

  

 

Post-zygotic dominant and recessive gene mutation 

There are reports on MZ discordance for conditions transmitted by autosomal dominant 

inheritance.
[9]

 

Van Thienen and Van der Auwera
[37]

 reported on MZ twins discordant for spondylocostal 

dysostosis.
[3]

 Post-zygotic mutations leading to MZ discordance have been observed in oral-facial-digital 
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syndrome I
[38]

, Sotos syndrome
[39]

, Cornelia de Lange syndrome
[40]

, Aicardi syndrome
[41]

, Gerstmann-

Strausler-Scheinker syndrome
[42]

 and William syndrome
[43]

.  

MZ twin discordance for the severity of dominant disease seems to occur even more frequently 

and has been observed for thanatophoric dysplasia
[44-46]

 and especially for neurofibromatosis
[47]

 and 

tuberous sclerosis
[48-49]

.  

Post-zygotic recessive gene mutation leading to phenotypic discordance in MZ twins is certainly 

a rare occurrence. Walker et al.
[50]

 described a cleft palate in one MZ twin and sporadic retinoblastoma in 

the co-twin.
[36]

 Fetal growth retardation was most evident in the twin with retinoblastoma.
[3] 

Recently, we 

described a pair of MZ twin girls, in which one had arthogriposis and the other did not. This may be 

ascribed to random cleavage or separation or inactivation of mitochondrial DNA.  
 

 

Epigenetics 

A common notion of epigenetic phenomena is that it is characterized by „„modifications in gene 

expressions that are controlled by heritable but potentially reversible changes in DNA methylation and/or 

chromatin structure‟‟.
[6]

 Epigenetic modifications consist of methylation of cytosines, as well as 

modifications of histones by methylation, phosphorylation, acetylation, and ubiquitination.
[4]

 Epigenetic 

mechanisms are dynamic processes that are influenced by developmental stage, tissue type, 

environmental factors and stochastic events. 
[6]

 

The finding that MZ twins reared together (MZT) are similar to MZ twins reared apart (MZA), 

for a large number of traits, suggests that stochastic events may be a more important cause of phenotypic 

differences than specific environmental effects. If the emphasis is shifted from environment to 

stochasticity, it may explain why MZA are not more different than MZT. It is possible that MZ twins are 

different for some traits, not because they are exposed to different environment but because those traits 

are determined by meta-stable epigenetic regulation on which environmental factors have only a modest 

impact.
[51]
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Recent studies show that DNA methylation may account to a larger degree in MZ twins  and may 

influence susceptibility to bipolar disorder and schizophrenia.
[6, 52-53] 

Studies investigating epigenetic 

differences in MZ pairs with bipolar disorder are rare, possibly because MZ twins completely discordant 

for bipolar disorder are also rare.
[6, 54-55]

 Some empirical work on the genomes of MZ twins discordant for 

schizophrenia shows epigenetic differences reflected in different DNA methylation patterns between MZ 

co-twins.
[6, 53, 56-58]

 Some data suggest a role of methylation discordance in relation to specific 

schizophrenia candidate genes, such as the dopamine D2 receptor gene or catechol-O-methyltransferase 

gene.
[6, 57]

 Epigenetic distance, a measure of the number of differences at each CpG site, can be calculated 

for each subject and is used for comparing twin methylation profiles.
[6, 57, 59]

 Other studies also focused on 

the role of epigenetics in twins‟ discordance.
[4, 60-62]

 

Analyses of epigenetic twin differences and similarities might yet challenge the fundamental 

principles of complex biology, primarily the dogma that complex phenotypes result from DNA sequence 

variants interacting with the environment.
 [53]

 

 

Skewed X-inactivation 

X-inactivation (or Lyonization) refers to inactivation of one of the X chromosomes in females to 

achieve dosage compensation of X-linked genes with males. Such inactivation often involves epigenetic 

modifications and according to recent reviews requires interplay involving an autosomal protein CTCF, 

cis-acting XIST and TSIX loci of the X chromosome and its‟ site-specific methylation.
[7]

 

  In the majority of cases, X-inactivation is a random process where both X chromosomes in a 

female have an equal chance of being „switched off‟ by methylating the whole X chromosome. However, 

for reasons not yet fully understood, X-inactivation can be „skewed‟ or „non-random‟ in a minority of 

individuals, that is, the X chromosome of one parental origin is preferentially inactivated.
[9]

 Consequently 

the X-chromosome discordance may result from the total lack of expression of a given X-linked gene in a 

male. Also it could have such a nullisomy phenotype in a female with the first allele silenced by X-

inactivation and the second by aberrant methylation.
[7]
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According to Machin
[3]

, two distinct mechanisms may explain the phenomenon of non random X-

inactivation in MZ twins. The first and most accepted mechanism suggest that two foci of opposite X-

chromosome inactivation occur in the inner cell mass, with the two clones displaying a repulsion 

phenomenon and leading to the twinning event.
[36]

 Thus, it would appear that skewed X-inactivation does 

not explain all female MZ twinning, but could be responsible for the excess of MZ female (MZF) twins.
[9]

 

This view remains controversial.
[63]

 In the second mechanism, the X-chromosome inactivation in the inner 

cell mass is random, but the blastomeres are allocated unequally to each twin. Here, the twin with a few 

progenitor blastomeres can have only non-random X-chromosome inactivation, thereby producing an 

embryo with either a predominantly inactivated X-chromosome carrying the affected gene or a 

predominantly inactivated X-chromosome carrying the healthy gene, which leads to the production of a 

normal or an affected twin, respectively. In constrast, the twin receiving a larger number of blastomeres 

will most likely show a random or quasi-random X-inactivation.
[36]

  

A number of MZF twins have been discordant for several X-linked recessive diseases, suggesting 

and often demonstrating non-random X-inactivation.
[63] 

Numerous studies have identified skewed X-

inactivation in MZF pairs discordant for several X-linked conditions such as fragile X-syndrome
[64-66]

, 

Fabry‟s disease 
[67-68]

, Rett‟s syndrome
[69-70]

, Duchenne muscular dystrophy
[71-74]

, color blindness
[75]

, 

Hunter‟s disease 
[3, 68]

, G6PD deficiency
[68]

, Aicardi‟s syndrome
[68]

, autoimmunity
[76]

, X-linked 

immunodeficiencies, Lesch– Nyhan disease, and hemophilia
[55, 68, 76-78]

. Skewed X-inactivation can help in 

the investigation of complex diseases. Comparing concordance rates between MZF and MZ male (MZM) 

pairs can potentially identify X-linked loci that influence the manifestation of disease states. If 

polymorphic X-linked loci are involved, MZF pairs should be more discordant than MZM twins due to 

skewed X-inactivation. 
[6]

 

The highly similar patterns of X chromosome inactivation among monochorionic twins may 

indicate that X chromosome inactivation occurs before the twinning event in this subgroup of MZ 

twins.
[76]
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Imprinting 

Genomic imprinting is a phenomenon in which one of two alleles, from maternal or paternal 

origin, is inactivated by DNA methylation.
[54]  

Allele specific differentially methylated regions are a hallmark of most imprinted genes. 

Imprinting is initiated during gametogenesis and transmitted to embryos via mature male and female 

gametes. Primordial germ cells are capable of erasing the imprint and extensive demethylation; however, 

the precise mechanism is unknown. What is known is that the Dnmt1 gene encoding for the enzyme 

methyltransferase plays a critical role in genomic imprinting. Appropriate imprinting of the two gametes 

is critical and implicated in prenatal growth, development and differentiation, behavior and human 

disease.
[7] 

In several disorders where genomic imprinting is suspected, discordance between MZ twins has 

been observed. BWS in particular, has been linked with discordance in FMZ twins in numerous 

reports.
[63] 

Among FMZ twins, prevalence of BWS is higher than expected, and they are mostly 

discordant.
[54] 

These parent-of-origin effects, together with the finding of paternal uniparental disomy of 

chromosome 11p15 in 20% of BWS cases, suggests that abnormal genomic imprinting might play an 

important role in the etiology of BWS. BWS patients have mutations or epimutational abnormalities in 

several genes on 11p15: coding mutations in the CDKN1C gene and epimutations affecting both 

transcription and methylation of imprinted genes KCNQ1OT1
[79]

, H19 and insulin-like growth factor 2. 

The excess of discordant MZF twins reported for BWS has prompted investigators
[80]

 to speculate that 

MZ twinning, genomic imprinting and X inactivation may be mechanistically as well as temporally 

related.
[79]

 It has been postulated that loss of imprinting itself caused twinning. This can explain the higher 

rate of twins in BWS.
[54] 

 

Leonard et al.
[81]

 have reported two pairs of MZM twins discordant for BWS. Discordance for 

hyperinsulinemic hypoglycemia in MZ twins has been reported by Santer et al.
[82]

 Russell-Silver 

syndrome also shows frequent discordance between MZ twins 
[83]

 and although it is likely to be a 

heterogeneous condition, it is possible that imprinted genes play nonetheless some role.
[63]
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Other mechanisms 

The original allocation of stem cells to each twin may not always be scrupulously fair and 

equitable  (larger clone sizes from fewer precursor cells in one twin) which could be responsible for 

discordant growth.
[1] 

With current renewed interest in mitochondrial disorders, mitochondrial DNA (mtDNA) 

mutations have been currently investigated as modifiers that determine phenotypic variability for common 

Mendelian disorders.
[1]

 In the mitochondrial encephalomyopathies, mutated mtDNA usually coexists with 

wild-type mtDNA. This phenomenon is referred to as heteroplasmy. Clinical phenotype alters with the 

ratio and tissue distribution of the mutation.
[54] 

De novo heteroplasmic  14484 mutation of mtDNA 

reportedly caused the discordance of Leber‟s disease in MZ twins.
[84]

 An MZ twin pair discordant for 

chronic progressive external ophthalmoplegia was also reported.
[85]

 Discordance for neurofibromatosis 

type I
[86]

, adrenoleukodystrophy
[87]

 and obesity
[88]

 have also been investigated. Discordant phenotypes due 

to uneven amount of heteroplasmic mutations were also found in DZ twins with myopathy, 

encephalopathy, lactic acidosis, and stroke-like episodes and myoclonic epilepsy. However, effects of 

nuclear genes could not be excluded in these DZ twins.
[54] 

To our knowledge, there are only two cases of MZ twins in which a point mutation causad the 

discordance of a disease.
[89-90]

 This kind of genetic difference may happen at or after the twinning event. 

In these reports, however, it cannot be excluded that both twins had the mosaic mutation in different 

percentages.
[54]

 

Kazazian et al 
[91]

 first described a disease caused by transposition of mobile element in humans. 

De novo insertion of Alu into an intron of NF1 causing neurofibromatosis was also reported.
[92]

 Such 

mechanism could explain the discordance between MZ twins in some cases. Since transposition of 

transposon is regulated by DNA methylation, abnormal DNA methylation of transposon may be 

associated with activity of transposition. Thus, transposon is related to both epigenetic and genetic 

mechanisms.
[54]
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Retrovirus infection, which can be integrated into the genome, could also explain the discordance 

for schizophrenia.
[93-95]

 

Few data on twins affected by repeats expansion disorders has been published to date.
[65, 96-99]

 

Prenatal diagnosis is recommended in multiple pregnancies whenever indicated. Invasive testing using 

amniocentesis or chorionic villus sampling can be performed. Chorionic villus sampling has an advantage 

over amniocentesis because it offers rapid karyotyping and biochemical and DNA studies at an early 

stage of pregnancy.
[100]
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MIRROR IMAGING AND LATERALITY ESTABLISHMENT 

 

The process of MZ twinning may interfere with the development of normal lateralization in such 

a way that for some of the asymmetrical features, the resulting twins would not be duplicates, but mirror-

images.
[101] 

Mirror imaging has been estimated to occur in 25% of MZ twins.
[9]

 

Mirror-image MZ twins have inverse laterality, which suggests that the twinning event took place 

after the cells of the embryonic plate were beginning to lateralize but before formation of the primitive 

streak.
[8]

 

This matter is confusing because there are clearly different degrees of asymmetry of viscera, 

varying from situs inversus totalis to right and non-right-handedness. There is no excess of situs inversus 

among MZ twins, nor of MZ twins among cases with situs inversus
[102]

, although individual cases
[103]

 of 

discordance have been reported.
[3]

 

MZ twins with discordant handedness (right and left handedness) have been more commonly 

reported. In itself, this suggests some degree of asymmetry of cerebral hemisphere dominance. 

Researchers have recently confirmed, using functional magnetic resonance brain imaging on MZ twins 

with discordant handedness, that hemispheric lateralization is indeed present.
[9, 101]

 MZ twins manifest 

many subtler kinds of mirror-image asymmetry such as asymmetries in hand preference, nevi, hair whorl 

direction, tooth patterns, unilateral eye and ear defects, and even tumour locations and undescended 

testicles.
[104-110]

 Many interesting questions remain open in relation to laterality. Conjoined twins offer the 

opportunity to consider disturbances of axis formation.
[3] 

The study of twins, whether conjoined or not, 

presents unique opportunities to address embryological and evolutionary issues in left-right 

asymmetry.
[111] 
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MAJOR MALFORMATION  

 

Congenital anomalies occur frequently (in about 10% of MZ twins) and may be concordant or 

discordant.
[36] 

These anomalies are generally separated into malformations, disruptions and 

deformations.
[8] 

Some malformations, such as conjoined and acardiac twins, as well as fetus papyraceous, 

are related in some way to the twinning process itself.
[36] 

Malformations, including cloacal anomalies, 

neural-tube defects and congenital heart defects, occur when normal development fails.
[8]

  Many of these 

malformations are likely to be multifactorial. While it isn‟t clear how these discordant events arise, in 

many cases the apparently unaffected co-twin also has a less severe manifestation of the same disorder. 

This implies that the predisposition for the malformation is expressed in both twins.
[9]

 Early origin 

malformations such as cyclopia, holoprosencephaly, extrophy of cloaca and anencephaly, are frequently 

discordant in MZ twins. These malformations are most likely the result of the same insult that causes the 

zygote duplication. Discordances have also been reported for neural tube defects, tracheoesophageal 

fistula, vertebral anomalies, anal atresia, esophageal atresia with fistula, VATER association (a 

combination of the above plus renal anomalies), ventral body wall defects and cloacal dysgenesis. This 

discordance may result from unequal allocations of blastomeres at the time of separation and/or 

differences in attachment to the placenta or type of chorion.
[36]

  

Disruptions in MZ twins including hemifacial microsomia, limb reduction defects and 

amyoplasia, are probably related to the shared placental circulation unique to monochorionic pairs leading 

to secondary disruptions and occasionally to the intrauterine death of one twin. 
[8] 

Major abnormal blastogenesis may account for the frequently reported occurrence of discordance 

in MZ twins for lateral body wall defect and other forms of “amniotic band syndrome.” 
[3] 

The widely 

accepted "exogenous" theory suggests that early amniotic rupture leads to the formation of pathologic 

amniotic strands, which then induce nonanatomic fetal abnormalities. This paradigm appears to be 

challenged by observations that the amniotic band syndrome occurs in monozygotic twin gestations. The 
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exclusive development of amniotic band syndrome in monozygotic versus dizygotic twin gestations, the 

description of early amniotic rupture in one sac of a dizygotic twin gestation without subsequent fetal 

abnormalities, and the paradoxical observations of discordance in monoamniotic and concordance in 

diamniotic twin gestations, fail to support an "exogenous" etiology for the amniotic band syndrome.
[112]

 

 

Finally, deformations associated with constraint and intrauterine crowding including clubfeet, 

dislocated hips and cranial synostosis, are apparently caused by two fetuses growing in the space where 

usually only one grows.
[1, 3, 8] 
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FETAL GROWTH AND PLACENTAL TERRITORIALITY 

 

About 10% of MZ twins are more than 10% discordant in weight at birth, with more than 

expected small for gestational age.
[8]

 
 

Discordant birth weight in MZ twins remains common as a result of unequal territory wich may 

be the result of unequal division of the inner cell mass at twinning with consequent different/discrepant 

placental territorrality.
[9]

 Unequal placental sharing appears to be involved in the etiology of early-onset 

discordant growth.
[113]

 

Although size differences may diminish with age, there is a growing body of evidence that 

significant discrepancy in birth weight may lead to long-lasting physiological changes in both twins. 

According to the "Barker's Hypothesis" or the "developmental origins of adult diseases" hypothesis, 

undernutrition during the intrauterine life and early childhood would originate a permanent metabolic 

and/or structural adaptation that would increase the risk of development of coronary disease and other 

associated disease such as hypertension, diabetes and stroke in adult life. This theory of fetal 

programming is based on the concept of developmental plasticity, this is the ability of the genotype to 

originate different morphologic or physiologic states in response to different exposures during 

development. This adaptation is possible only during the critical period of development that for most 

main organs and systems is confined to intrauterine life.
[114]

 

In twins discordant for the development of non-insulin dependent diabetes, birth weight has been 

found to be lower in the affected twin. 
[9]
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SINGLE FETAL DEATH 

 

Many twin pregnancies are lost or converted to singleton pregnancies. Theoretically, singletons 

that started as MZ twins are at risk for congenital anomalies that are frequent in MZ twins.
[8]

 When fetal 

demise occurs early, often in the first trimester, a “vanishing twin” results. No information exist on the 

proportion of vanishing twins that are MZ, although any of the conditions causing discordant MZ twins 

could cause vanishing twins. Fetus papyraceus refers to compressed or flattened recognizable fetal 

remnants in the second trimester.
[3] 

There is a particular association between fetus papyraceus and the 

presence of aplasia cutis and bowel atresia.
[3, 115] 

These anomalies are probably caused by acute 

hemodynamic changes via vascular anastomoses in monochorionic twins. If one fetus dies in utero, the 

surviving co-twin is at increased risk of major morbidity such as cerebral palsy, learning disabilities and 

gut atresias.
[116-118] 

The increased risk for cerebral impairment in the survivor has also been shown in 

population-based registers of cerebral palsy.
[118-120] 

In the case reports, the risk seems to be confined to 

monochorionic placentation.
[118] 

Along with cerebral lesions, consequences of vascular events in 

gastrointestinal, urogenital and others systems may be observed. Same sex twins may sustain cerebral 

damage that is in excess of that due to immaturity.
 [121]

 

According to Ong et al.
[122]

 following the death of one twin after the first trimester, the odds of 

intrauterine death of the co-twin and neurological abnormality among survivors is six and four times 

higher in monochorionic compared with dichorionic pregnancies. Also, in monochorionic pregnancies, 

multicystic encephalomalacia and co-twin death may be explained by the passage of thrombotic material 

following derangement in coagulation due to the death of one twin. Another  theory is the 

„haemodynamic imbalance theory‟ that states that the placental anastomoses allow transfer of blood from 

the surviving twin to the dead co-twin giving rise to periods of hypoperfusion, hypotension and acute fetal 

anaemia, resulting in neurological damage.
[122]
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In multiple pregnancies, the effect of  timing of an intrauterine death on the outcome and 

prognosis of the survivor is still controversial. 
[123]
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CONCLUSION 

The purpose of this paper was to review the mechanisms that lead to genotypic and phenotypic 

discordance between MZ twins.  As our understanding about the genesis of MZ twins and the mechanism 

of genetic and epigenetic discordance grows, the term “identical” should be definitely abandoned. The 

misdiagnose of a discrepant karyotype in MZ twins that demonstrate a discordant phenotype might have 

serious consequences in terms of counseling and management.  

Much can be learned with human twinning about human embryology and the predisposition to 

certain diseases.  This may have long term implications in the approach of complex diseases and their 

predisposition, in organ transplantation and in the reading of twin based scientific studies, which may 

revolutionize our vision on modern medicine. More studies and more rigorous methodologies of 

investigation are needed so that more twins‟ secrets are unraveled.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 
 

CONFLICT OF INTEREST STATEMENT 

 

None declared.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26 
 

BIBLIOGRAPHY 

 

1. Machin, G., Non-identical monozygotic twins, intermediate twin types, zygosity testing, and the 
non-random nature of monozygotic twinning: a review. Am J Med Genet C Semin Med Genet, 
2009. 151C(2): p. 110-27. 

2. Galton, F., The history of twins, as a criterion of the relative powers of nature and nurture. J. 
Anthropol Inst, 1875. 12: p. 566-576. 

3. Machin, G.A., Some causes of genotypic and phenotypic discordance in monozygotic twin pairs. 
Am J Med Genet, 1996. 61(3): p. 216-28. 

4. Kaminsky, Z., et al., Epigenetics of personality traits: an illustrative study of identical twins 
discordant for risk-taking behavior. Twin Res Hum Genet, 2008. 11(1): p. 1-11. 

5. Hall, J., Embriologic development and monozygotic twinning. Acta Genet Med Gemellol (Roma), 
1996. 45: p. 53-57. 

6. Haque, F.N., Gottesman, II, and A.H. Wong, Not really identical: epigenetic differences in 
monozygotic twins and implications for twin studies in psychiatry. Am J Med Genet C Semin Med 
Genet, 2009. 151C(2): p. 136-41. 

7. Singh, S.M., B. Murphy, and R. O'Reilly, Epigenetic contributors to the discordance of 
monozygotic twins. Clin Genet, 2002. 62(2): p. 97-103. 

8. Hall, J.G., Twinning. Lancet, 2003. 362(9385): p. 735-43. 
9. Gringras, P. and W. Chen, Mechanisms for differences in monozygous twins. Early Hum Dev, 

2001. 64(2): p. 105-17. 
10. Blickstein, I. and L.G. Keith, On the possible cause of monozygotic twinning: lessons from the 9-

banded armadillo and from assisted reproduction. Twin Res Hum Genet, 2007. 10(2): p. 394-9. 
11. Nieuwint, A., et al., 'Identical' twins with discordant karyotypes. Prenat Diagn, 1999. 19(1): p. 72-

6. 
12. Shur, N., The genetics of twinning: from splitting eggs to breaking paradigms. Am J Med Genet C 

Semin Med Genet, 2009. 151C(2): p. 105-9. 
13. Boklage, C.E., Traces of embryogenesis are the same in monozygotic and dizygotic twins: not 

compatible with double ovulation. Hum. Reprod., 2009. 24(6): p. 1255-1266. 
14. Schmid, O., et al., Prenatal diagnosis of heterokaryotypic mosaic twins discordant for fetal sex. 

Prenat Diagn, 2000. 20(12): p. 999-1003. 
15. Bourthoumieu, S., et al., Monozygotic twins concordant for blood karyotype, but phenotypically 

discordant: a case of "mosaic chimerism". Am J Med Genet A, 2005. 135(2): p. 190-4. 
16. Turpin, R., et al., [Presumption of monozygotism in spite of a sexual dimorphism: XY male subject 

and haploid X neuter subject.]. C R Hebd Seances Acad Sci, 1961. 252: p. 2945-6. 
17. Fujimoto, A., et al., Monozygotic twins of discordant sex both with 45,X/46,X,idic(Y) mosaicism. 

Am J Med Genet, 1991. 41(2): p. 239-45. 
18. Gentilin, B., et al., Discordant prenatal phenotype and karyotype of monozygotic twins 

characterized by the unequal distribution of two cell lines investigated by different methods: a 
review. Twin Res Hum Genet, 2008. 11(3): p. 352-6. 

19. Kaplowitz, P.B., et al., Monozygotic twins discordant for Ullrich-Turner syndrome. Am J Med 
Genet, 1991. 41(1): p. 78-82. 

20. Nonomura, K., et al., Monozygotic twins with discordant sexual phenotypes due to different 
ratios of mosaicism of 47,X,idic(Y),idic(Y)/46,X, idic(Y)/45,X. Endocr J, 2002. 49(4): p. 497-501. 

21. Perlman, E.J., et al., Sexual discordance in monozygotic twins. Am J Med Genet, 1990. 37(4): p. 
551-7. 



27 
 

22. Rohrer, T.R., et al., Growth of heterokaryotic monozygotic twins discordant for Ullrich-Turner 
syndrome during the first years of life. Am J Med Genet A, 2004. 126A(1): p. 78-83. 

23. Somkuti, S.G., et al., 46,XY monozygotic twins with discordant sex phenotype. Fertil Steril, 2000. 
74(6): p. 1254-6. 

24. Wachtel, S.S., S.G. Somkuti, and J.S. Schinfeld, Monozygotic twins of opposite sex. Cytogenet Cell 
Genet, 2000. 91(1-4): p. 293-5. 

25. Yokota, Y., et al., Monozygotic twins of different apparent sex. Am J Med Genet, 1994. 53(1): p. 
52-5. 

26. Zech, N.H., et al., Monochorionic-diamniotic twins discordant in gender from a naturally 
conceived pregnancy through postzygotic sex chromosome loss in a 47,XXY zygote. Prenat Diagn, 
2008. 28(8): p. 759-63. 

27. Rogers, J.G., L. Voullaire, and H. Gold, Monozygotic twins discordant for trisomy 21. Am J Med 
Genet, 1982. 11(2): p. 143-6. 

28. Heydanus, R., et al., Preterm delivery rate and fetal outcome in structurally affected twin 
pregnancies: a retrospective matched control study. Prenat Diagn, 1993. 13(3): p. 155-62. 

29. Goodship, J., et al., Monozygotic twins with chromosome 22q11 deletion and discordant 
phenotype. J Med Genet, 1995. 32(9): p. 746-8. 

30. Singh, S.M., B. Murphy, and R. O'Reilly, Monozygotic twins with chromosome 22q11 deletion and 
discordant phenotypes: updates with an epigenetic hypothesis. J Med Genet, 2002. 39(11): p. 
e71. 

31. Vincent, M.C., et al., 22q11 deletion in DGS/VCFS monozygotic twins with discordant 
phenotypes. Genet Couns, 1999. 10(1): p. 43-9. 

32. Lu, J.H., et al., Monozygotic twins with chromosome 22q11 microdeletion and discordant 
phenotypes in cardiovascular patterning. Pediatr Cardiol, 2001. 22(3): p. 260-3. 

33. Tsukamoto, H., et al., Different clinical features in monozygotic twins: a case of 7q--syndrome. 
Clin Genet, 1993. 43(3): p. 139-42. 

34. Cheng, P.J., et al., Monozygotic twins discordant for monosomy 21 detected by first-trimester 
nuchal translucency screening. Obstet Gynecol, 2006. 107(2 Pt 2): p. 538-41. 

35. Drut, R.M. and R. Drut, Nonimmune fetal hydrops and placentomegaly: diagnosis of familial 
Wiedemann-Beckwith syndrome with trisomy 11p15 using FISH. Am J Med Genet, 1996. 62(2): p. 
145-9. 

36. Cao, A. and G. Monni, Phenotypic and genotypic discordance in monozygotic twins, in Multiple 
pregnancy: epidemiology, gestation & perinatal outcome, I. Blickstein and L.G. Keith, Editors. 
2005, Taylor & Francis. p. 226-232. 

37. Van Thienen, M.N. and B.J. Van der Auwera, Monozygotic twins discordant for spondylocostal 
dysostosis. Am J Med Genet, 1994. 52(4): p. 483-6. 

38. Shotelersuk, V., et al., Discordance of oral-facial-digital syndrome type 1 in monozygotic twin 
girls. Am J Med Genet, 1999. 86(3): p. 269-73. 

39. Brown, W.T., et al., Identical twins discordant for Sotos syndrome. Am J Med Genet, 1998. 79(4): 
p. 329-33. 

40. Carakushannsky, G. and C. Berthier, The de Lange syndrome in one of twins. J Med Genet, 1976. 
13(5): p. 404-6. 

41. Costa, T., et al., Monozygotic twins discordant for Aicardi syndrome. J Med Genet, 1997. 34(8): p. 
688-91. 

42. Hamasaki, S., et al., Discordant Gerstmann-Straussler-Scheinker disease in monozygotic twins. 
Lancet, 1998. 352(9137): p. 1358-9. 

43. Castorina, P., et al., Genotype-phenotype correlation in two sets of monozygotic twins with 
Williams syndrome. Am J Med Genet, 1997. 69(1): p. 107-11. 



28 
 

44. Horton, W.A., D.J. Harris, and D.L. Collins, Discordance for the Kleeblattschadel anomaly in 
monozygotic twins with thanatophoric dysplasia. Am J Med Genet, 1983. 15(1): p. 97-101. 

45. Serville, F., D. Carles, and P. Maroteaux, Thanatophoric dysplasia of identical twins. Am J Med 
Genet, 1984. 17(3): p. 703-6. 

46. Young, I.D., I. Patel, and A.C. Lamont, Thanatophoric dysplasia in identical twins. J Med Genet, 
1989. 26(4): p. 276-9. 

47. Vaughn, A.J., D. Bachman, and A. Sommer, Neurofibromatosis in monozygotic twins: a case 
report of spontaneous mutation. Am J Med Genet, 1981. 8(2): p. 155-8. 

48. Gomez, M.R., N.L. Kuntz, and B.F. Westmoreland, Tuberous sclerosis, early onset of seizures, and 
mental subnormality: study of discordant homozygous twins. Neurology, 1982. 32(6): p. 604-11. 

49. Kondo, S., et al., Discordant expression of tuberous sclerosis in monozygotic twins. J Dermatol, 
1991. 18(3): p. 178-80. 

50. Walker, N.F., Discordant monozygotic twins with retinoblastoma and cleft palate. Am J Hum 
Genet, 1950. 2(4): p. 375-84. 

51. Wong, A.H., Gottesman, II, and A. Petronis, Phenotypic differences in genetically identical 
organisms: the epigenetic perspective. Hum Mol Genet, 2005. 14 Spec No 1: p. R11-8. 

52. Petronis, A., Human morbid genetics revisited: relevance of epigenetics. Trends Genet, 2001. 
17(3): p. 142-6. 

53. Petronis, A., Epigenetics and twins: three variations on the theme. Trends Genet, 2006. 22(7): p. 
347-50. 

54. Kato, T., et al., Genetic or epigenetic difference causing discordance between monozygotic twins 
as a clue to molecular basis of mental disorders. Mol Psychiatry, 2005. 10(7): p. 622-30. 

55. Rosa, A., et al., Differential methylation of the X-chromosome is a possible source of discordance 
for bipolar disorder female monozygotic twins. Am J Med Genet B Neuropsychiatr Genet, 2008. 
147B(4): p. 459-62. 

56. Asakawa, J., Restriction landmark genome scanning for the detection of mutations. Methods Mol 
Biol, 2008. 410: p. 153-70. 

57. Petronis, A., et al., Monozygotic twins exhibit numerous epigenetic differences: clues to twin 
discordance? Schizophr Bull, 2003. 29(1): p. 169-78. 

58. Tsujita, T., et al., Genomic discordance between monozygotic twins discordant for schizophrenia. 
Am J Psychiatry, 1998. 155(3): p. 422-4. 

59. Yatabe, Y., S. Tavare, and D. Shibata, Investigating stem cells in human colon by using 
methylation patterns. Proc Natl Acad Sci U S A, 2001. 98(19): p. 10839-44. 

60. Hayakawa, K., et al., The Osaka University Aged Twin Registry: epigenetics and identical twins 
discordant for aging-dependent diseases. Twin Res Hum Genet, 2006. 9(6): p. 808-10. 

61. Oates, N.A., et al., Increased DNA methylation at the AXIN1 gene in a monozygotic twin from a 
pair discordant for a caudal duplication anomaly. Am J Hum Genet, 2006. 79(1): p. 155-62. 

62. Poulsen, P., et al., The epigenetic basis of twin discordance in age-related diseases. Pediatr Res, 
2007. 61(5 Pt 2): p. 38R-42R. 

63. Hall, J.G., Twinning: mechanisms and genetic implications. Curr Opin Genet Dev, 1996. 6(3): p. 
343-7. 

64. Devys, D., et al., Analysis of full fragile X mutations in fetal tissues and monozygotic twins 
indicate that abnormal methylation and somatic heterogeneity are established early in 
development. Am J Med Genet, 1992. 43(1-2): p. 208-16. 

65. Kruyer, H., et al., Fragile X syndrome and the (CGG)n mutation: two families with discordant MZ 
twins. Am J Hum Genet, 1994. 54(3): p. 437-42. 



29 
 

66. Tuckerman, E., T. Webb, and S.E. Bundey, Frequency and replication status of the fragile X, 
fra(X)(q27-28), in a pair of monozygotic twins of markedly differing intelligence. J Med Genet, 
1985. 22(2): p. 85-91. 

67. Redonnet-Vernhet, I., et al., Uneven X inactivation in a female monozygotic twin pair with Fabry 
disease and discordant expression of a novel mutation in the alpha-galactosidase A gene. J Med 
Genet, 1996. 33(8): p. 682-8. 

68. Tiberio, G., MZ female twins discordant for X-linked diseases: a review. Acta Genet Med 
Gemellol (Roma), 1994. 43(3-4): p. 207-14. 

69. Ishii, T., et al., The role of different X-inactivation pattern on the variable clinical phenotype with 
Rett syndrome. Brain Dev, 2001. 23 Suppl 1: p. S161-4. 

70. Webb, T. and E. Watkiss, A comparative study of X-inactivation in Rett syndrome probands and 
control subjects. Clin Genet, 1996. 49(4): p. 189-95. 

71. Abbadi, N., et al., Additional case of female monozygotic twins discordant for the clinical 
manifestations of Duchenne muscular dystrophy due to opposite X-chromosome inactivation. Am 
J Med Genet, 1994. 52(2): p. 198-206. 

72. Richards, C.S., et al., Skewed X inactivation in a female MZ twin results in Duchenne muscular 
dystrophy. Am J Hum Genet, 1990. 46(4): p. 672-81. 

73. Tremblay, J.P., et al., Myoblast transplantation between monozygotic twin girl carriers of 
Duchenne muscular dystrophy. Neuromuscul Disord, 1993. 3(5-6): p. 583-92. 

74. Zneimer, S.M., N.R. Schneider, and C.S. Richards, In situ hybridization shows direct evidence of 
skewed X inactivation in one of monozygotic twin females manifesting Duchenne muscular 
dystrophy. Am J Med Genet, 1993. 45(5): p. 601-5. 

75. Jorgensen, A.L., et al., Different patterns of X inactivation in MZ twins discordant for red-green 
color-vision deficiency. Am J Hum Genet, 1992. 51(2): p. 291-8. 

76. Trejo, V., et al., X chromosome inactivation patterns correlate with fetal-placental anatomy in 
monozygotic twin pairs: implications for immune relatedness and concordance for 
autoimmunity. Mol Med, 1994. 1(1): p. 62-70. 

77. Kitchens, C.S., Discordance in a pair of identical twin carriers of factor IX deficiency. Am J 
Hematol, 1987. 24(2): p. 225-8. 

78. Revesz, T., et al., Christmas disease in one of a pair of monozygotic twin girls, possibly the effect 
of lyonization. J Med Genet, 1972. 9(4): p. 396-400. 

79. Weksberg, R., et al., Discordant KCNQ1OT1 imprinting in sets of monozygotic twins discordant 
for Beckwith-Wiedemann syndrome. Hum Mol Genet, 2002. 11(11): p. 1317-25. 

80. Lubinsky, M.S. and J.G. Hall, Genomic imprinting, monozygous twinning, and X inactivation. 
Lancet, 1991. 337(8752): p. 1288. 

81. Leonard, N.J., et al., Two pairs of male monozygotic twins discordant for Wiedemann-Beckwith 
syndrome. Am J Med Genet, 1996. 61(3): p. 253-7. 

82. Santer, R., et al., Discordance for hyperinsulinemic hypoglycemia in monozygotic twins. J Pediatr, 
1995. 126(6): p. 1017. 

83. Bailey, W., B. Popovich, and K.L. Jones, Monozygotic twins discordant for the Russell-Silver 
syndrome. Am J Med Genet, 1995. 58(2): p. 101-5. 

84. Biousse, V., et al., De novo 14484 mitochondrial DNA mutation in monozygotic twins discordant 
for Leber's hereditary optic neuropathy. Neurology, 1997. 49(4): p. 1136-8. 

85. Blakely, E.L., et al., Mitochondrial DNA deletion in "identical" twin brothers. J Med Genet, 2004. 
41(2): p. e19. 

86. Detjen, A.K., et al., Analysis of mitochondrial DNA in discordant monozygotic twins with 
neurofibromatosis type 1. Twin Res Hum Genet, 2007. 10(3): p. 486-95. 



30 
 

87. Wilichowski, E., et al., Identical mitochondrial DNA in monozygotic twins with discordant 
adrenoleukodystrophy phenotype. Ann Neurol, 1998. 43(6): p. 835-6. 

88. Mustelin, L., et al., Acquired obesity and poor physical fitness impair expression of genes of 
mitochondrial oxidative phosphorylation in monozygotic twins discordant for obesity. Am J 
Physiol Endocrinol Metab, 2008. 295(1): p. E148-54. 

89. Kondo, S., et al., Mutations in IRF6 cause Van der Woude and popliteal pterygium syndromes. 
Nat Genet, 2002. 32(2): p. 285-9. 

90. Sakuntabhai, A., et al., Mutations in ATP2A2, encoding a Ca2+ pump, cause Darier disease. Nat 
Genet, 1999. 21(3): p. 271-7. 

91. Kazazian, H.H., Jr., et al., Haemophilia A resulting from de novo insertion of L1 sequences 
represents a novel mechanism for mutation in man. Nature, 1988. 332(6160): p. 164-6. 

92. Wallace, M.R., et al., A de novo Alu insertion results in neurofibromatosis type 1. Nature, 1991. 
353(6347): p. 864-6. 

93. Deb-Rinker, P., et al., Molecular characterization of a MSRV-like sequence identified by RDA from 
monozygotic twin pairs discordant for schizophrenia. Genomics, 1999. 61(2): p. 133-44. 

94. Deb-Rinker, P., et al., Molecular characterization of a 2.7-kb, 12q13-specific, retroviral-related 
sequence isolated by RDA from monozygotic twin pairs discordant for schizophrenia. Genome, 
2002. 45(2): p. 381-90. 

95. Karlsson, H., et al., Retroviral RNA identified in the cerebrospinal fluids and brains of individuals 
with schizophrenia. Proc Natl Acad Sci U S A, 2001. 98(8): p. 4634-9. 

96. Bruder, C.E., et al., Phenotypically concordant and discordant monozygotic twins display 
different DNA copy-number-variation profiles. Am J Hum Genet, 2008. 82(3): p. 763-71. 

97. Fraga, M.F., et al., Epigenetic differences arise during the lifetime of monozygotic twins. Proc 
Natl Acad Sci U S A, 2005. 102(30): p. 10604-9. 

98. Friedman, J.H., et al., Monozygotic twins discordant for Huntington disease after 7 years. Arch 
Neurol, 2005. 62(6): p. 995-7. 

99. Helderman-van den Enden, A.T., et al., Monozygotic twin brothers with the fragile X syndrome: 
different CGG repeats and different mental capacities. J Med Genet, 1999. 36(3): p. 253-7. 

100. Appelman, Z. and B. Furman, Invasive genetic diagnosis in multiple pregnancies. Obstet Gynecol 
Clin North Am, 2005. 32(1): p. 97-103, ix. 

101. Sommer, I.E., et al., Cerebral mirror-imaging in a monozygotic twin. Lancet, 1999. 354(9188): p. 
1445-6. 

102. Torgersen, J., Situs inversus, asymmetry, and twinning. Am J Hum Genet, 1950. 2(4): p. 361-70. 
103. Teeuw, A.H. and J.H. Kok, [Complete situs inversus in one half of a monozygotic twin]. Tijdschr 

Kindergeneeskd, 1992. 60(3): p. 67-9. 
104. Beere, D., et al., Mirror image supplemental primary incisor teeth in twins: case report and 

review. Pediatr Dent, 1990. 12(6): p. 390-2. 
105. Carton, A. and R.T. Rees, Mirror image dental anomalies in identical twins. Br Dent J, 1987. 

162(5): p. 193-4. 
106. Cidis, M.B., et al., Mirror-image optic nerve dysplasia with associated anisometropia in identical 

twins. J Am Optom Assoc, 1997. 68(5): p. 325-9. 
107. Gedda, L., et al., Study of mirror imaging in twins. Prog Clin Biol Res, 1981. 69A: p. 167-8. 
108. Morison, D., C.V. Reyes, and M.S. Skorodin, Mirror-image tumors in mirror-image twins. Chest, 

1994. 106(2): p. 608-10. 
109. Townsend, G. and L. Richards, Twins and twinning, dentists and dentistry. Aust Dent J, 1990. 

35(4): p. 317-27. 
110. Yager, J., Asymmetry in monozygotic twins. Am J Psychiatry, 1984. 141(5): p. 719-20. 
111. Levin, M., Twinning and embryonic left-right asymmetry. Laterality, 1999. 4(3): p. 197-208. 



31 
 

112. Lockwood, C., A. Ghidini, and R. Romero, Amniotic band syndrome in monozygotic twins: 
prenatal diagnosis and pathogenesis. Obstet Gynecol, 1988. 71(6 Pt 2): p. 1012-6. 

113. Lewi, L., et al., Clinical outcome and placental characteristics of monochorionic diamniotic twin 
pairs with early- and late-onset discordant growth. Am J Obstet Gynecol, 2008. 199(5): p. 511 
e1-7. 

114. Seco, S. and A. Matias, Fetal origins of adult disease: revisting Barker's Theory. Acta Obstet 
Gynecol Port 2009. 3(3): p. 158-168. 

115. Wagner, D.S., et al., Placental emboli from a fetus papyraceous. J Pediatr Surg, 1990. 25(5): p. 
538-42. 

116. Anderson, R.L., et al., Central nervous system damage and other anomalies in surviving fetus 
following second trimester antenatal death of co-twin. Report of four cases and literature 
review. Prenat Diagn, 1990. 10(8): p. 513-8. 

117. Fusi, L. and H. Gordon, Twin pregnancy complicated by single intrauterine death. Problems and 
outcome with conservative management. Br J Obstet Gynaecol, 1990. 97(6): p. 511-6. 

118. Pharoah, P.O. and Y. Adi, Consequences of in-utero death in a twin pregnancy. Lancet, 2000. 
355(9215): p. 1597-602. 

119. Grether, J.K., K.B. Nelson, and S.K. Cummins, Twinning and cerebral palsy: experience in four 
northern California counties, births 1983 through 1985. Pediatrics, 1993. 92(6): p. 854-8. 

120. Pharoah, P.O. and T. Cooke, Cerebral palsy and multiple births. Arch Dis Child Fetal Neonatal Ed, 
1996. 75(3): p. F174-7. 

121. Pharoah, P.O., T.S. Price, and R. Plomin, Cerebral palsy in twins: a national study. Arch Dis Child 
Fetal Neonatal Ed, 2002. 87(2): p. F122-4. 

122. Ong, S.S., et al., Prognosis for the co-twin following single-twin death: a systematic review. BJOG, 
2006. 113(9): p. 992-8. 

123. Pharoah, P.O. and R.W. Cooke, A hypothesis for the aetiology of spastic cerebral palsy--the 
vanishing twin. Dev Med Child Neurol, 1997. 39(5): p. 292-6. 

 

 


	Doc_2_-_Capa_Monografia A
	pagina rosto
	declaracoes
	Declaração de Integridade
	Declaração de reprodução

	IMPRESSão

