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ABSTRACT 46,XY sex reversal condition is known to be caused by the point mutations or deleB&igene a¥pl1.3.
Individuals with 46,XY status are phenotypically females with gonadal dysgenesis and poorly developed secondary sexual
characters. In the present styidis aimed to report thBRY basis of sex reversal in 25 X¥male probands aged 4 to 39 years.

The karyotypes in 21 were 46,Xand 45,X/46,XYin 4. The presence of tt&RY gene was determined in 20 probands (80%),

out of which 18 had 46,X¥nd 2 had 45,X/ 46,XXaryotypesSRY gene was not detected in 5 probands (20%), among them

3 had 46,XYand 2 had 45,X/46,X¥Xaryotypes and in these 5 caSBY gene was considered to be delef€de present study
confirmed the importance of the genetic evaluation oSRégene in females with X¥tatus for further management.

INTRODUCTION into the testis and in the absence of the expres-
sion from theSRY gene; the bi-potential gonads

46,XY sex reversal (OMIM 400044) condi- differentiate into inappropriate female gonads.
tion is known to be caused by the point muta-SRY encodes for a polypeptide of 204 amino
tions or deletions in th&RY gene (OMIM  acids in lengthSRY protein contains a central
480000) positioned afp11.3. Individuals with  high-mobility group (HMG) box domain, an
46,XY status are phenotypically females with amino terminal (N-terminal) and carboxy-ter
complete gonadal dysgenesis; poorly developedninal (C-terminal) regions (Clepet et al. 1993;
secondary sexual characters; amenorrhea; bilaSu and Lu 1993). Mutations are either single
eral ‘streak gonads’ and underdeveloped uterusaucleotide substitution or deletion 8RY gene.
fallopian tubes and female external genitaliaThese mutations fgct the DNAbinding and
(Berkovitz et al. 1991). DNA bending properties of ttf®&RY gene, which

SKRY is the testis-determining factor (TDF) lead to the non-function@RY gene (Sanchez-
on theY chromosome (Sinclair et al. 1990; Moreno et al. 2008; Mitchell and Harley 2002).
Koopman et al. 1991). Failure of expression oflt is seen, that to date, 86 mutations have been
the SRY gene during the®to 7" week of em-  compiled within the HMG box region @RY
bryogenesis could result in the formation of thegene (Human Gene Mutation Database- HGMD
dysgenetic streak ovaries devoid of the germ2011). In literature, it is reported that the inci-
cells (Lim et al. 1998)SRY gene expression dence ofSRY mutation is 10 to 15% in 46,XY
initiates the bi-potential gonads tofdifentiate  female condition (Gidfe et al. 2004). In the
present studyt is aimed to report th8RY basis
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from 4 to 39 yearsThe reasons for the referral ENSG00000184895 and Ensenfitdnscript ID
were primary amenorrhea, poorly developedENST00000383070). Sequences of normal male
secondary sexual characters and genital ambieontrol was edited and compared with the ref-
guity. Parental consent and institutional ethicalerence sequences and the XY female samples
clearance were obtained. For the probands, onesing AutoAssembler software—version 2.1
each normal male and female were the contro(Perkin-EImey Foster City CA, USA) and
samples.The karyotype was confirmed with CodonCoddligner version 2.0.5 (CodonCode
cytogenetic analysis [PH@hyto Haemi\gglu-  Corporation, Dedham, MA, USA).

tinin) stimulated, 72 hours peripheral lympho-

cyte culture technique with GTG (Giemsa- RESULTS
Trypsin-Giemsa) banding (Arakaki and Sparkes
1963; Seabright 1971). Genetic analysis includes the cytogenetics for

Molecular genetic analysis was based on thehe karyotype and the molecular for tB&/
phenol-chloroform DNA extraction method gene. =The karyotypes were 46,X¥ 21
(Thangaraj et al. 2002b). DNA was quantified probands and 45,X/46,X¥ 4. = Amplifica-
using nano drod hermascientific. Primer se- tion of SRY gene of 609bp was observed in 20
guences were obtained (Singh et al. 2006). PCRamples and in control male sample and the
(polymerase chain reaction) conditions andamplification was absent in 5 samples and in
primer concentrations were standardized usinghe control female sample.

GradientVeriti PCR machine. PCR reagents = In the 5 cases without amplification, short
included PCR Buér (10X), MgCI2 (Magne- repetitive DNA sequences of about 100 to 170bp
sium Chloride) (25mM), dNTPs (deoxy Nucle- were observedTheir presence confirmed the
otide Tri Phosphates) (10mMA\mpliTag Gold  absence of th8RY gene and instead, the pres-
DNA polymerase (5units/ul) and 4 ul of genomic ence of the few non-coding sequences in that
DNA. All the PCR reagents were procured fromregion (Fig. 1).

Applied Biosystems (USA). PCR conditions  Hence, in these 5 proban®RY gene was
were 94C for 12 min (94C for 1 min, 68C for ~ considered to be deleted.In the 20SRY posi-

1 min, 72C for 2 min) X 32 cycles, P2 for 10  tive cases, 18 had 46,XY karyotype and 2 had
min. DNA sequencing was carried out in fully 45,X/ 46,XY mosaicismAmong the 5SRY de-
automated 3700 DNA sequencer (Bigdye™letion cases, 3 had 46,XY karyotype and 2
chain terminator method) (Thangaraj et al.showed 45,X/46,XY mosaicism. = In the 20
2003b). cases with amplification, sequence changes were

The 27 samples were screened for 8%  not observedThese 20 cases with intaSRY
gene. Using specific primers, the enfifer gene  gene did not manifest mutation of either single
was amplified with PCR. Gel electrophoresis nucleotide substitution or deletion.
showed amplification o8RY gene of 609bp in

20 samples and in the control male sample. DISCUSSION
Further DNA sequencing using BigDye™ chain
terminator and automated DNgequencerin In 1990, Berta et al. and Jager et al. pre-

the cases without amplification, a short repeti-sented compelling evidence that the mutation
tive DNA sequence of about 100 to 170bp wasin one type of XY female gonadal dysgenesis is
observed. For the cases, with posi8RY gene  not on the X; but on th& chromosome. In the
amplification, DNA sequences were comparedhuman sex-determining region in a 35-kb in-
and edited from reference sequence down loadetérval near the pseudoautosomal boundaly of
from http://wwwensembl.ay (Ensembl gene ID chromosome, there is the candidate gene for the
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Fig. 1. Gel electophoresis of the PCR amplicons of th&RY gene. Lane M: 100 bp ladderLanes 1, 6, 7, 8, 9, 1011
13, 14 and 16 thé&SRY amplification of 609bp. In lane 2,3,4,5, 1SRY amplification of the XY females was not seen. In
lane 17 normal female with no amplification and in lane 18 amplification of normal male is shown
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testis-determining factptermedSRY, which is  the SRY deletion was in 5 out of 25 (20%) cases
conserved and specific to tiein all mammals  with sex-reversed X¥Yemales and the occur
(Sinclair et al. 1990). Cherfas (1991) stated thatence was within the reported range of 10 to
SRY stands for ‘sex-determining regiom 20% of SRY gene perturbations in Xf#émales.

It is known thatSRY gene inY initiates the SRY GeneAnalysis: A 230-kb (kilobase)
sex determination in maleSRY activates a cas- segment of the human chromosome thought
cade of genes; so that the embryonic gonadso contain some or all @DF gene was cloned.
develop into a testis. Fetal testicular Sertoli cells(Page et al.1987)he cloned region spanned
produce Mullerian Inhibitory substance respon-the deletion in a female who carried all but
sible for the involution of the derivatives of 160kb of they.

Mullerian ducts, the uterus and fallopian tubes. Jager et al. (1990) found a 4-nucleotide de-
Fetal testicular Leydig cells produce testoster letion in the part of th&RY gene that encoded a
one from cholesterol by the sequential action ofconserved DNA-binding motifA frameshift

a series of enzymes and the subsequefardif presumably led to a non-functional protein.
entiation of the male external genitalia also re-Mutation has occurred de novo, because the fa-
quires the action of dihydrotestosterone from thether had a norm&RY sequenceThe de novo
testosterone. Perturbations in the enzymes in th&-to-A mutation led to a change from methion-
classic pathway or in an alternative pathway ofine to isoleucine at a residue that lies within the
testicular androgen biosynthesis could result inputative DNA-binding motif ofSRY and was
genetic males with disordered sexual developidentical in allSRY andSRY related genes.

ment and incompletely developed (‘fambiguous’)  Point mutations in the region of tB&Y gene
external genitalia (Fluck et al. 201 encoding the high mobility group (HMG) box

Cytogenetidnalysis:In 46,XY females, the in 5 XY females were detected. (The HMG box
reported cytogenetic forms could be 46,XY pureis related to that present in thecell-specific,
cellline as well as 45,X/46,XY mosaic cell lines. DNA binding proteinT CF1[Transcription Fac-

A structurally abnorma¥ chromosome is not tor 1]). (Harley et al. 1992) In 4 cases, the bind-
uncommon in XY gonadal dysgenesis; hencejng activity of mutantSRY protein for the
the loss of the structurally abnormélresults AACAAAG core sequence was negligible; in
in the 45,X cell lineThe predominance of the the 5" case, DNA binding was reduced. In the
X or XY cells lines determines the gonadal dif- SRY gene analysis in a 46,Xfémale, Muller et
ferentiation into a testis or a streak gonadal (1992) demonstrated @ato-T transversion
(Rimoin et al. 2006). In the present stuthye  of nucleotide 684 in the open reading frame,
karyotype profile was 46,XY in 21 (84%) and resulting in a change of lysine (AAG) to a stop
mosaicism (45,X/46,XY) in 4 (16%). In 4 cases codon (UAG) and the patient had gonadoblas-
with mosaicism, 2 showed the predominance otoma.A XY sex-reversed female with pure go-
XY cell lines. nadal dysgenesis who harbored a de novo non-

SRY Gene Mugtion Incidence:A mutation  sense mutation in tHeRY gene, which resulted
in SRY gene in 1 out of 12 (8.3%) sex-reverseddirectly in the formation of a stop codon in the
XY females with gonadal dysgenesis was dem-jputative DNA-binding motif was described.
onstrated and they did not have angéadele- (McElreavey et al. 1999 C-to-T transition at
tions of the short arm of thé (Jager et al. 1990) nucleotide 687 changed a glutamine codon
In a combined stuglyt is seen, that 3 (60%) of (CAG) to a termination codon AG). The pa-

5 patients with 46,XY complete gonadal dys- tient, referred to as the ‘propositus,’ was a phe-
genesis had mutations in $Rwhereas only 5 notypic female who presented at age 20 years
(12.2%) of the 41 subjects with various forms for primary amenorrhedreatment with estro-

of 46,XY gonadal dysgenesis had mutation forgen induced menstruation and slight egdar
SRY (Berta et al. 1990; Hawkins et al. 1992). ment of the breasts, which were underdeveloped.
Nussbaum et al (2007) stated that in femaleLaparotomy showed 2 streak gonads without
patients with XY gonadal dysgenesis, approxi-germ cells.

mately 10 to 15% may have the point mutations, In the present studwith direct DNA se-
deletions or translocations in $Rwhich be- quencing, only the SRcoding region was se-
come the common cause for the sex reversal iguenced. In BBRY deletion cases without am-
them. In the present studihe occurrence of plification, short repetitive DNA sequences of
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about 100 to 170bp were observed and their pres-  equatingSRY and the testis determining factature,

: 348: 448 -450.
ehnce Conflrmedfthﬁ a?sence Ofﬂ?gene and Cherfas J 1991. Sex and the single g8oeence252: 782.
the presence of the tfew nNon-coding SeqUENCegiepet C, Schafekd, SinclairAH, Palmer MS, Lovell-Badge

in that region. R, Goodfellow PN 1993The humarSRY transcript.
A family of 5 XY individuals in 2 genera- Hum Mol Genet2: 2007- 2012,

; ; ; ; [ _Fluck CE, MeyeBoni M, PandeyV, Kempna PMiller WL,
tions with a single base pair substitution result Schoenle EJ, Biason-Laut®@01L. Why boys will be

ing in an amino acid change in the conserved  poys: Two pathways of fetal testicular androgen

domain of theSRY open reading frame was de- biosynthesis are needed for male sexug@iftiation.
scribed. (Main et al. 19927 G-to-C change at ﬁﬂ" r#g:r?;tgge_“gf;’322ooll'213- Note: ErraturAm J
nucleotide 588 resulted in substitution of leu- g a M Sammarco Frabiano C, Giardina, Eunetta E

cine for valine.Three of the individuals were Corsello G 2004. Identification of a new nonsense
XY sex-reversed females and 2 were XY males.  mutation (Fr129Sop) of theSRY gene in a newborn
One of the males had 8 children; all were phe- infant with XY sex-reversaAm J Med Gengfl28A: 46

. ! 4
notypic females, 2 of whom were Sex'revers‘edHarIeyVR, Jackson DI, Hextall PJ, Hawkins JR, Berkovitz

XY females carrying the mutation mentioned. GD, Sockanathan S, Lovell-Badge R, Goodfellow PN

Several models were proposed to explain asso-  1992. DNAbinding activity of recombinar8RY from

ciation between a sequence varian8R/ and normal males and XY femaleScience255: 453 -456.

2 al . h as included th Hawkins JR,Taylor A, Berta P Levilliers J,Van-der BA,
alternative sex pnenotypdsiese included the Goodfellow PN 1992. Mutational analysis SRY:

existence of alleles at an unlinked locus. In the  Nonsense and missense mutations in XY sex reversal.

present studythe family history was found to Hum Genet88: 471 -474.

HGMD 2011. Human Gene Mutation Database®SA:
Institute of Medical Genetics in Cartlidniversity.
. . Jager RJAnvret M, Hall K, Scherer G 19907 human XY
Genetic Counselling female with a frame shift mutation in the candidate testis-
determining gen8RY. Nature, 348: 452-453.
The probands and the parents are counsellegoopman PGubbay JVivian N, Goodfellow PN, Lovell-

; ; ; Badge R 1991. Male development of chromosomally
about the genetic diagnosis and referred to the female mice transgenic faIRY. Natur, 351 1.7-121.

multiteam specialty of Endocrinolog@bstet- | im {n, Freestone SH, Romero D, Kwok C, Hughes IA,
rics and GynecologyPsychiatry and Sgery;. Hawkins JR 1998. Candidate genes in complete and
On follow up, it was observed that one of the partial XY sex reversal: Mutation analysis3iRY, SRY-

probands underwent gonadectomy' another related genes and FTZ-FMol Cell Endocrino] 140:
’ 51-58.

proband had clitorodectomy and the probandyiceireavey K, Fellous M 1999. Sex determination and/the
with Hodgkins lymphoma on treatment has be-  chromosomeAm J Med Gene89: 176-185.

be normal.

come asymptomatic. Mitchell CL, HarleyVR 2002. Biochemical defects in eight
SRY missense mutations causing ¥¥nadal dysgene-
CONCLUSION sis.Mol Genet Metab77: 217 -225.

Muller J, Schwartz M, Skakkebaek NE 1988alysis of the
o . sex-determining region of thechromosomeSRY) in
46,XY female condition is a heterogeneous sex reversed patients: Point-mutatioBRY causing sex-

disorder because of which establishing a defi- 583\'6%03'1 in 2 46,XY femald.Clin Endocr Metab75:
”'“.O.r" WhIC_h will encompass_ all manlfeStatlons Nussbaum RL, Mclnnes RRVillard H, Thompson MW
(clinical, biochemical, physical, medical, ge- HamoshA 2007.Thompson and Thompson: Genetics

netic), becomes a difult task. The present in Medicine 6" Edition. Philadelphia, USA: Saunders/
study confirmed the importance of the genotypic____ Elsevier

- - - . OMIM 2011. Online Mendelian Inheritance in Man@SA:
evaluation of patients with 46,XY status in fe- John Hopkins UniversityNational Centre for

males for further management. Biotechnology Information, Department of Health and
Human Services.
Page DC, Mosher R, Simpson EM, Fisher EMC, Mardon G
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