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<ABSTRA CT> 

 

Detection of Y chro mosome material in patients with Turner syndrome by molecular 

analysis  

 

 

Sei Eun Hyun 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Ho-Seong Kim) 

 

 

Turner syndrome  (TS) is  a  disorder charac te rized by short sta ture , gonada l fa ilure  and other 

endocrine  or congenita l abnormalitie s. De tec ting the  presence  of Y chromosome  mate ria l in TS 

without overt Y-mosa ic ism is very important because  the pa tients with Y chromosome 

fragments  have an inc reased risk for the  deve lopment of gonadoblastoma. The a im of this study 

was to investiga te  the  presence  of Y chromosome materia l using Y-spec ific sequences in 130 

Korean patients with TS, who had not shown any Y chromosome fragments analyzed by the  

cytogene tic method. Fourteen Y-spec ific  sequences were  amplified by polymerase  cha in 

reac tion (PCR), using genomic  DNA obta ined from periphera l blood lymphocytes, to de tec t 

cryptic Y chromosome mate ria l . The  PCR ana lysis demonstra ted tha t 8 pa tients among 97 

pa tients  without overt Y chromosome (8.3 %) have  hidden Y chromosome mate ria l , suggesting 

tha t PCR may be  a  more  sensitive  method than c lassica l cytogene tic  ana lysis to de tec t hidden Y 

chromosome mate ria l in pa tients with TS. Moreover, the re  is no diffe rence  in c linica l 



2 

 

charac te ristics, inc luding viriliza tion be tween pa tients with and without Y chromosome mate ria l. 

These  results suggest tha t the  de tec tion of hidden Y chromosome mate ria l by sensitive  methods, 

such as PCR, should be  inc luded in the  initia l eva lua tion of all pa tients with TS to ca lcula te  the  

future  risk of gonadoblastoma and its  proper management.   

 

 

---------------------------------------------------------------------------------------------------------------- 

Keywords: Turner syndrome, PCR, Y chromosome-specific sequences, gonadoblastoma 
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I. INTRODU CTION  

 

Turner syndrome  (TS) is  a  chromosomal disorder charac te rized by short sta ture , ovarian fa ilure  

and other endocrine  abnormalitie s or congenita l anomalies
1 ,2

. The inc idence  of TS is one in 

1500-2500 female  births
2, 3

. It has been known tha t one  in 50-100 children with short sta ture  a re  

diagnosed with TS
4
. About ha lf of all pa tients with TS have  a  45,X karyotype  and the  others 

have only a pa rtia l X chromosome or mosa ic ism
2, 5

. In genera l, it has been reported tha t 

approximate ly 5% of pa tients with TS have Y chromosme materia l in cytogene tic ana lysis
2, 6

. 

Many studies , however, have  reported tha t 4-61% of pa tients  with TS have incomple te ly 

de rived Y chromosome materia l
1, 7

.  

The  presence  of Y chromosome mate ria l is  ve ry important because  Y chromosome -positive  

pa tients have  an inc reased risk for the  deve lopment of gonadoblastoma  or othe r ovarian tumors. 

Some authors reported tha t the  risk of deve lopment of gonadoblastoma in pa tients with TS  is 
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more  than 30%. There fore , prophylac tic  gonadec tomy has conventiona lly been recommende d in 

Turner pa tients with Y chromosome
1, 2,6 ,8, 9

. To ca lcula te the risk for the deve lopment of 

gonadoblastoma , an accura te  method to de tec t Y c hromosome mate ria l is  essentia l. Many 

investiga tors have  noted the  low de tec tion ra te  of Y chromosome materia l by traditiona l 

cytogene tic examina tion and have  suggested the  use of  more  sensitive methods, such as 

polymerase cha in reac tion (PCR) to de tec t hidden mosa ic ism
10 -13

. 

In this study, the  presence  of hidden Y chromosome material  was investiga ted using fourteen 

Y-spec ific  sequences amplified by PCR in 97 Turner pa tients without overt Y chromosome by 

the  cytogene tic method.  

 

II. MATERIALS AND METHODS  

 

1. Subjec ts  

A tota l of 97 pa tients with TS were inc luded in this study. These  pa tients were diagnosed with 

TS by conventiona l cytogene tic  technique  and followed-up a t the  division of pedia tric  

endocrinology in Severance  Children’s  Hospita l. The  pa tients proved to have  Y chromosome in 

cytogene tic ana lysis were exc luded in the study. The pa tients ranged in age from 4 to 36 years. 

Medica l records of c linica l charac te ristics inc luding short sta ture , de layed puberty, viriliza tion, 

and other abnormalities  as well a s conventional chromosome results were reviewed. Blood 

sampling was done  a fte r written informed consent was obta ined from the  pa rents and pa tients.  

This study was approved by the Institute Review Board of Severa nce  Hospita l.  

 

2. Methods 

Cytogenetic ana lysis were  pe rformed in pe riphera l blood lymphocytes. At least 30 metaphases 

were ana lyzed by Giemsa-Tripsin-Giemsa banding for each pa tient.  

Genomic  DNA was extrac ted from whole  blood samples  obta ined from 97 pa tients  by QIAa mp 
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DNA Blood Midi Kit (Qiagen, CA, USA ) according to the Manufac ture r’s instruc tions. To 

confirm PCR spec ific ity, blood samples from four hea lthy men and women were used for 

positive  and nega tive  control groups. Fourteen Y chromosome spec ific  sequences loca ted in 

both arms of the  Y chromosome were  used to de tec t hidden Y chromosome material by PCR  

ana lysis. Primer sequences were designed as described previously with minor modifica tions
2
. 

The  Primer3 on-line software  (www.ncbi.nlm.nih.gov and www.broad. 

mit.edu/cgibin/primer/primer3 www.cgi) which is wide ly used program for primer design  was 

used for the ana lysis in this study. Firstly, DNA templa te  sequences and produc t size  range  

were input and Primer3 was utilized to design candida te primers for each of the DNA templa te  

sequences. And then eva lua tion of primer spec ific ity with dimer examnina tion was performed 

by this program. Fina lly optimal primer se t combina tions were chosen for the study. Table 1 

summarized primer sequences and the ir chara te ristic s. P CR was performed with 20 ul of PCR  

amplifica tion reac tion mixture conta ining 10x Ex Taq DNA polymerase  buffer with 2.5 mM  of 

each dNTP, 0.5 M of each primer, 500 ng of DNA, and 2.5 units of Taq DNA polymerase  

(Takara  Bio, Otsu, Japan).  Amplifica tion was pe rformed in duplica te with the  ABI 7300 

system (Applied Biosystems , CA, USA) with the following profile : 94°C for 5 min, 35 cycles 

of 95°C for 30 seconds, 50°C for 30 seconds (annealing temperature for each primer was 

summarized in Table 1), 72°C for 30 seconds and final exyension at 72°C for 10 min. PCR 

products were separayed by 1% agarose gel electrophoresis. All DNA extractions and PCR 

reactions were performed by a female researcher to avoid the risk of male DNA 

contamination and repeated more than 3 times. 

 

 

 

 

 

http://www.broad/
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Table  1. Primer sequence, annea ling tempera ture , and produc t size  

Primer Sequence  Annea ling 

tempera ture (°C) 

Produc t size 

(bp) 

PABY  5’-TCTCGAT CTCCTG AC CTCGT -3’ 

5’-ATTGGGG CTTTGAAGG AACT -3’  

60 244 

SRY  5’-TACA GGC CATG CAC AGAG AG-3’  

5’-TCTTGAGTGTGTGG CTTTCG-3’ 

55 179 

DYZ1 5’-ATTGGAGT CCGTA CCA GTCG-3’  

5’-TGAAATG GAATC GAA CCA CA-3’  

53 181 

DYS231  5’-GGGATTGCAG AGAG CA AAAG-3’  

5’-GCCGTGTG CTGGAG ACTAAT -3’  

55 159 

DYS209  5’-TTGGTTCCATG CTCC AT ACA-3’  

5’-CTCCGA ATGTTGCTCC AAAT -3’ 

55 180 

YRR M  5’-GAGGGC CTCG GATGTCTTAT -3’ 

5’-TAC CAC ATGCTTCA CGAG GA-3’  

55 224 

DYS224  5’-GTCTGCCTCA CC ATAAAA CG-3’  

5’-ACCA CTGC CAAA ACTTTCAA-3’  

55 152 

AMGY  5’-GGGCC CAG GACT CTATTTTC-3’ 

5’-GCAGTGAG CTGAG ATTGTGC-3’ 

62 274 

DYS273  5’-CTCTACCTC CTTCC CC CAGT -3’ 

5’-GGAGGCTTC ATCAG CAA GAC-3’  

55 191 

DYS280  5’-CCC CATAATGA CATC AGC CTA-3’ 

5’-GTTGAG CCG GTCAA GAAA AA-3’  

55 235 

DYS1  5’-CACTGC CCTAAT CCTAG CA CA-3’  

5’-TGGTCATG ACA AAAG ACG AA-3’  

55 127 

DYS218  5’-AGGCTAGG CTCA CAA ACG AA-3’  

5’-CCAG CC CATTTAATCAAG GA-3’  

55 201 

DYS14  5’-GGCTTCTCATTCC ACTC CAA-3’  

5’-CCTCTTCAGGTG GCTTCATC-3’  

46 206 
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III. RESULTS 

 

The  cytogene tic  ana lysis showed 45, X in 36 pa tients (37%) and other ka ryotype composition in 

61 pa tients (63%) (Table  2). Mosa ic ism comprised 41% of the  tota l subjec ts. PCR ana lysis 

using diffe rent fourteen Y chromosome spec ific  sequences  de tec ted hidden T chromosome 

materia l in 8 pa tients (8.3%) among 97 Turner pa tients without overt Y chromosome by the  

cytogene tic method. Table  3 summarized the  results of PCR ana lysis.  

Of these  8 pa tients, 2 pa tients  (#1,4) were  positive  for a ll 14 sequences. Pa tient #52 was 

positive  for 12 sequences and nega tive  for DYZ1/DYS1. Pa tient #101 was positive  for 9 

sequences and negative for DYZ1, DYS209, DYS224, DYS1, and DYS218. Pa tient #71 was 

positive  for just two sequences, DYZ1 and DYS218.  3 patients (pa tient #122,123,133) were  

positive  for only one  sequence, DYZ1 (Figure 1). 

 

 

Table  2. Distribution of the  ka ryotype in 97 pa tients with Turner syndrome  

Karyotype  n %  

45X  36 37 

46X,i 16 17 

45X/46XX  13 14 

45X/46X,+mar 9 9 

45X/46X,i 7 7 

46X de l 5 5 

47XXX/45 X  5 5 

45X/46X,r 4 4 

47XXX/45 X/46XX  2 2 

Tota l 97 100 
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Table  3. PCR ana lysis results of 8 pa tients positive for Y chromosome mate ria l
1  

Patient  Karyotype  1 2 3 4 5 6 7 8 9 10 11 12 13 14 

#1 46XX/45X  + + + + + + + + + + + + + + 

#3 46,X,de l(x)(q11) + + + + + + + + + + + + + + 

#40 45X/46,X,+mar + + - + + + + + + + - + + + 

#52 45,X - - + - - - - - - - - + - - 

#70 45, X  + + - + - + - + + + - - + + 

#82 45X/46,X,i(Xq) - - + - - - - - - - - - - - 

#83 46,X,i(Xq) - - + - - - - - - - - - - - 

#89 45X/46,X,i(Xq) - - + - - - - - - - - - - - 

 

1 Y chromosome -spec ific  sequences a re  numbered as follows: 1, PABY;, 2, SRY;, 3, DYZ1;, 4, 

DYS231;, 5, DYS209;, 6, YR RM;, 7, DYS224;, 8, AMGY ;, 9, DYS273;, 10, DYS280;, 11, 

DYS1;, 12, DYS218;, 13, DYS14;, and 14, DYZ3. A positive  result is  indica ted by + and a  

nega tive  result is  indica ted by -.  
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Figure  1.Detec tion of Y chromosome mate ria l in the  pos itive  group using polymerase  cha in 

reac tion. M,100bp marker;, P, positive;, N, nega tive . Arabic numera ls represent the  number of 

pa tients.  

 

Nine ty-seven pa tients were  c lassified into two groups according to the  PCR results. Pa tients 

positive  for a t least one  Y chromosome -spec ific  sequence  were considered positive  (8 pa tients); 

those who were  nega tive for a ll sequences represented the control group (89 pa tients). The  

median age s of the  positive  and control groups were  23.4 and 17.0 years, re spective ly. The  

he ight standard devia tion score s (SDS) in the  positive  and control groups were  -2.26± 0.9 (mean 

±  SD) and -1.84± 1.01, respec tive ly, and weight SDS were  -0.20±  1.03, and -0.67± 1.42, 

respec tive ly. BMI in the positive  and control group were  22.83 ±  3.18 and 20.33 ±  4.19, 

respec tive ly. 
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Additiona lly, Various c linica l charac te ristic s be tween the two groups were compared as 

follows: short sta ture  be low the  third pe rcentile  for age  and sex, a  dysmorphic  fea ture  such as a  

webbed neck, cubitus va lgus, osteopenia or os teoporosis diagnosed by bone  densidomete r, 

de layed puberty, cardiac  abnormality based on echocardiogram or ca rdiac M RI, diabe tes 

mellitus or impa ired glucose  tole rance , thyroid disease, viriliza tion such as c litomega ly , and the  

deve lopment of ovarian tumor such as gonadoblastoma or dysgerminoma.  

The  charac te ristics of 8 pa tients in positive  group are follows; pa tient #1 had rece ived 

clitoroplasty in the  neona ta l pe riod for ambiguous genita lia , and prophylac tic  ovare ic tomy a t 

the age of 11, followed by reve a ling dysgerminoma). Besides, she had short sta ture, osteopenia  

and de layed puberty. Pa tient #4 had short sta tue , de layed puberty, and impa ired glucose  

tole rance but showed no sign of viriliza tion. Pa tient #52 had a osteopenia , de layed puberty and 

impa ired glucose  tole rance. Pa tient #71 had a  ostepenia . Pa tient #1 01 had a  short sta ture. 

Pa tient #122 has been trea ted for short sta ture  and delayed puberty. Pa tient #123 had short 

sta ture, osteopenia , de layed puberty and impa ired glucose tolerance . Pa tient #133 had short 

sta ture, osteopenia  and de layed puberty. Among the  control group without Y chromosome 

materia l, one pa tient had ovarian dermoid cyst with hemorrhagic infac tion, followed by 

laparoscopic sa lpingo-oophorec tomy. She  had a ka ryotype of 47XXX/45 X and viriliza tion was 

not observed. This ovarian cyst was not considered as a  deve lopment of true  ovarian tumor. 

There  was no sta tistica lly significant diffe rence be tween the  two groups with regard to these  

clinica l findings  (Table 4).  
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Table  4. Clinica l comparison
1
 of pa tients positive  for Y chromosome mate ria l positive and the  

control group* 

 Control group Y mate ria l positive  group  

Number 89 (%) 8 (%)  

Age (years) 17.0± 8.5 23.4± 9.4 

He ight SDS -1.84± 1.01 -2.26± 0.9 

Weight SDS  -0.67± 1.42 -0.20±  1.03 

BMI (kg/m
2
) 20.33± 4.19  22.83± 3.18  

Short sta ture  73 (82.0) 6 (75.0) 

Dysmorphic  figure  7 (12.7) 1 (8.3) 

Osteopenia  11 (12.4) 0 (0) 

De layed puberty 51 (57.3) 6 (75.0) 

Cardiac  anomaly 17 (19.1) 0 (0) 

DM or IGT 9 (10.1) 2 (25.0) 

Thyroid disease  13 (14.6) 1 (12.5) 

Viriliza tion  0 (0) 1 (12.5) 

Ovarian tumor 0 (0) 1 (12.5) 

*No sta tistica l significance  was found be tween the  two groups in a ll items (p>0.05)  

1 Age , he ight SDS, we ight SDS, and BMI a re  presented as mean ± standard devia tion. All other 

items inc luding short stature a re presented as the pe rcentage  of tota l pa tients (%).  

SDS, standard devia tion score , ; BMI, body mass index  

 

 

 

 

 

 

 

 

 

 



12 

 

IV. DISCUSSION  

 

The  diagnosis of TS can be  made  by the  presence of charac te ristic  physica l fea tures in 

phenotypic  fe males assoc ia ted with comple te  or pa rtia l absence  of the  second sex chromosome, 

with or without ce ll line  mosa ic ism
13

. There fore , a ll individua ls with clinica l fea tures suspec ted 

TS should have  a  ka ryotype  performed. A standard 30 -ce ll ka ryotype  is recomme nded by the  

American College  of Medica l Gene tics and identifie s a t least 10% mosa ic ism with 95%  

confidence
14

. In case  of strong suspic ion of TS c linica lly, a lthough a  subjec t has a  normal blood 

karyotype, a second tissue , such as skin or ora l epithe lia l ce ll, may be examined. In 2007, 

Turner Syndrome Study Group recommended tha t testing for Y chromosome mate ria l should be  

pe rformed in any TS pa tients with a  marker chromosome, which is a  sex chromosomal 

fragment of unknown origin, and with the  presence  of viriliza tion 
15

. In addition, this guide line  

recommended tha t routine te sting for SRY or the  presence  of Y chromosome materia l in 45, X 

individua ls without masculiniza tion is not c linica lly warranted a t present. It a lso has been sta ted 

tha t additiona l investiga tion about the  preva lence  and c linica l significance  of cryptic  Y mate ria l 

de tec ted only by fluorescence  in situ hybridiza tion (FISH) or DNA ana lysis in pa tients without 

viriliza tion or a  marker chromosome should be  exploited. Recently, many studies demo nstra ted 

tha t Y chromosome materia l in pa tients without overt Y chromosome by the cytogene tic  

method can be  identified by FISH or molecular ana lysis, even though they a re  not virilized or 

do not have  a marker chromosome, suggesting tha t it is necessa ry to sc reen the  hidden Y 

chromosome materia l in a ll pa tients in TS.  

In this study, molecular ana lysis was performed in pa tients with TS by PCR using 14 Y  

chromosome -spec ific  sequences.  PCR analysis de tec ted hidden Y c hromosome mate ria l in 8 

pa tients (8.3%) among 97 Turner pa tients without overt Y chromosome by the cytogene tic  

method. The results of previous studies a re genera lly consistent with our findings. In a Turkish 

study, 5% of pa tients with a  pure  45,X karyotype  ha d Y-spec ific  materia l by PCR
2
. One  
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Mexican study identified Y-spec ific mate ria l in 9.3% of pa tients with a 45,X karyotype
1
, and a  

Russian study reported more than 30% Y chromosome-mate ria l de tec tion ra te in pa tients with 

this ka ryotype
1 0

. Overa lly, previous studies reported tha t the frequency of  Y chromosome 

materia l in pa tients with TS varies from 0% to 60 % 
2 , 5, 16 -19

. The  variable  results about the  

frequency of Y sequences may come from the differences of the molecula r methodology, the  

ethinity, tissues tested, se lec tion of Y chromosome -spec ific primers, and the number of the  

pa tients with mosa ic  marker chromosome
2
. 

In this study, the de tec tion ra te  of Y-specific  materia l was 8.3% in pa tients without overt Y 

mosa ic ism by conventiona l karyotyping , supporting previous reports desc ribing the  limita tions 

of conventiona l cytogene tic ana lysis. Conventiona l cytogene tic ana lysis uses the metaphase  

chromosome from periphera l blood lymphocytes. This method misses Y chromosome 

deriva tives when the re is a low degree of Y chromosome mosa ic ism
20,  2 1

. For this reason, many 

resea rchers have  emphasize d the  need for a more sensitive  method to de tec t Y chromosome 

materia l. Turner syndrome pa tients with Y chromosome material are c linica lly 

undistinguishable  from those without a  Y chromosome. Indeed, the re was no sta tistica lly 

significant differences be tween the  group positive  for Y chromosome mate ria l and control 

group with re spec t to c linica l fac tors
10 -12,  2 2 -2 4

. Moreover, only one  case  shows viriliza tion and 

one case has marker chromosome among the  group positive for Y chromosome in our study, 

suggesting tha t a ll pa tients with TS should be  sc reened to de tec t the  hidden Y chromosome 

materia l.  

Turner pa tients with Y chromosome mate ria l a re  a t risk for the  development of germ ce ll 

tumors such as gonadoblastoma or dysgerminoma, the re fore more  accura te method to de tec t Y 

chromosome mate ria l is  needed. Gonadoblastoma  is a neoplasm composed of a mixture  of 

gonada l e lements, such as la rge  primordia l ge rm cells, immature  Sertoli ce lls  or granulosa  ce lls 

of the sex cord, and gonada l stromal ce lls. The pa thogenesis of gonadoblastoma is unc lea r
1 ,2, 6

. 

One hypothesis suggests tha t the  gonadoblastoma locus on the Y chromosome (GBY) may have  
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oncogenetic  a lte ra tions in dysgene tic  gonads, inc luding those  of Turner syndrome. T he  

inc ide nce ra te  of gonadoblastoma in Turner pa tient with Y chromosome mate ria l is a s high as  

30% and may be  higher in pa tients rece iving hormona l replacement for ovarian fa ilure .  

In this  study, 1 of 8 pa tients with Y chromosome mate rial exhibited viriliza tion. In conventiona l 

cytogene tic ana lysis,  this  pa tients (pa tient #1) had a 46,XX/45,X karyotype ; PCR, however, 

gave a positive  result for a ll Y-spec ific sequences tested. She  had received c litoroplasty in the  

neona ta l pe riod for ambiguous genita lia , and a fte r deve loping dysgerminoma a t the  age  of 11, 

fina lly rece ived ovariec tomy.  

 Inte restingly, pa tient #71 had a ka ryotype of 45,X and was nega tive for SRY but was positive  

for DYZ1 and DYS218. This result suggests the significance of using diverse  sequences , other 

than SRY, to de tec t Y chromosome mate ria l.  

PCR ana lysis using various Y-spec ific  sequences seems to be a re liable method to confirm the  

presence  of Y chromosome -derived mate ria l in pa tients with Turner syndrome  and may be  he lp 

prevent gonadoblastoma in Turner pa tients . 
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V. CON CLUSION  

 

The  presence  of Y chromosome mate ria l in Turner pa tients increases  the  risk of 

gonadoblastoma. For this reason, it is important to de tec t hidden Y chromosome material using 

a sensitive  and reliable  method. Various da ta  inc luding our  results suggest tha t molecular 

ana lysis, such as PCR, is  he lpful to de tec t hidden Y chromosome materia l and recommended in 

all pa tients with Turner syndrome.  
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ABSTRA CT(IN KOREAN)  

 

논문제목 

터너 증후군 환자에서 분자학적 분석을 이용한 Y 염색체 검출 

 

지도교수 김호성 

 

연세대학교대학원 의학과 

현세은 

 

터너증후군은 저신장, 난소부전과 함께 기타 내분비적이상과 심혈관계 기형을 

동반하는 염색체 질환이다. Y 염색체를 가진 터너증후군 환자는 생식모세포종의 

발생 위험이 증가하기 때문에 Y 염색체 물질 존재 여부를 확인하는 것은 매우 

중요하다. 이 연구에서는 기존의 고전적 세포유전학 방법에 비하여 모자이시즘을 

확인하는데 더 민감도가 높은 PCR 기법을 사용하였다. 고전적 세포유전학 방법으로 

Y 염색체가 발견되지 않았던 97명의 터너증후군 환자를 대상으로 14개의 Y 염색체 

특이 염기서열을 이용하여 PCR을 시행한 결과 8 명(8.3%)의 터너증후군 환자에서 

Y염색체 물질을 확인하였다. Y염색체 물질이 존재하는 군과 존재하지 않는 군 

사이에 임상 양상의 차이는 발견되지 않았으나 Y염색체 물질이 확인된 8 명의 환자 

중 남성화를 보인 경우가 1 명 나타났으며, marker chromosome을 가진 경우가 

1명에서 관찰되었다.  

이상의 결과에 근거하여 남성화나 marker chromosome이 있는 경우 뿐만 아니라 

모든 터너증후군 환자에서  진단 시 숨겨진 Y 염색체를 확인하는 것이 필요하다고 



20 

 

생각되며, 터너증후군 환자에서 숨겨진 Y 염색체를 검출하는데 있어 기존 

세포유전학 방법보다 민감도가 높은 PCR 사용이 보다 더 유용하다고 생각된다.  

 

-------------------------------------------------------------------------- 

핵심되는말:  터너증후군, PCR, Y 염색체 특이 염기서열, 생식모세포종  


