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Correlation between Karyotype and Phenotype in Turner Syndrome

Ye Jee Shim, Young Ju Hwang and Kun Soo Lee

Department of Pediatrics, Kyungpook National University School of Medicine, Daegu, Korea

Purpose : In spite of the karyotype and phenotype diversity in Turner syndrome patients, there are few
reports about such differences in Korea. We reviewed the data of chromosome abnormalities, clinical
manifestations, and comorbidities of Turner syndrome patients in Kyungpook National University Hospital
to compare them to the recent hypotheses about sex chromosome gene loci related to Turner symptoms.
Materials and Methods : We identified the cytologic findings of 92 patients with Turner syndrome
and the clinical findings of 62 patients among them.

Results : 54.3 percent of patients had 45,X while 45.7 percent showed other karyotype combinations
(45,X/46,XX, 45,X/46,XX/47, XXX, 46,X,del (Xp), 46,X,del Xq), 45,X/46,X,del Xq), 46,X,i(Xq), 45,X/46,X,i
(Xq)). The Turner symptoms found included short neck, high arched palate, broad chest, Madelung
deformity, short metacarpals, scoliosis, cubitus valgus, low hair line, webbed neck, edematous extremities,
pigmented nevus, and sexual infantilism. The specific diseases associated Turner syndrome included renal
abnormalities, congenital heart disease, hearing defects, diabetes mellitus, hyperlipidemia, and decreased
bone density. The phenotype of the mosaicism group was milder than that of the monosomy group. In the
case of 46,X,del(Xp) and 45,X/46,X,del (Xq) groups, all had skeletal abnormalities, but the 46,X,del (Xq)
group had none. In the case of 46,X,del(Xp) group, all showed short statures and skeletal abnormalities, but
no sexual infantilism was observed. In the case of 46,X,i(Xq) and 45,X/46,X,i(Xq) groups, they all showed

delayed puberty and had primary amenorrhea.

Conclusion : It is important to study karyotype—phenotype correlations in patients with Turner
syndrome to obtain interesting information about the genotype—phenotype correlations related to the

X chromosome.
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Table 1. Frequency of Karyotypes of Turner Syndrome

Karyotype Number of Patients
45X 50 (54.3%)
45,X/46,XX 12 (13.0%)

45 X/47 XXX 2 (2.2%)
46,X,del(Xq) 5 (5.4%)
45,X/46,X,del (Xq) 2 (2.2%)
46,X,del (Xp) 3 (3.3%)
46,X,i(Xa) 6 ( 6.6%)
45,X/46,X,i(Xq) 12 (13.0%)
Total 92 (100.0%)




Table 2. Frequency of Turner Symptoms and Comorbidities in Various Karyotypes

45X 45X/46,XX 45 X/47 XXX  46,X,del(Xq)  45X/46,X,del(Xa) 46,X,del(Xp) 46,X,i(Xa) 45,X/46,X,i(Xa)

Short Stature 26 6 1 4 2 3 6 10
Short Neck 7 1 0 0 0 1 1 2
High Arched Palate 2 0 0 0 0 0 0 1
Broad Chest 13 6 1 0 1 2 0 3
Madelung Deformity 2 0 0 0 0 0 1 1
Short Metacarpals 6 0 0 0 0 0 1 0
Scoliosis 1 0 0 0 0 0 0 1
Cubitus Valgus 6 3 1 0 2 2 1 3
Low Hair Line 7 0 1 0 1 0 0 2
Webbed Neck 15 1 0 0 0 0 1 2
Edematous Extremities 2 0 0 0 0 0 0 0
Pigmented Nevus 2 0 0 0 0 0 0 1
Sexual Infantilism 23 6 0 4 2 0 6 1
Kidney Anomaly 4 0 0 0 0 0 1 0
Congenital Heart Disease 4 0 0 0 0 0 0 3
Hearing Defect 2 0 0 0 0 0 1 4
Thyroid Disease 2 0 1 0 0 0 0 3
Diabetes Mellitus 1 0 0 1 0 0 0 1
Hyperlipidemia 4 1 1 0 1 1 3 6
Decreased Bone Density 10 2 1 0 1 1 2 6
Number of Patients 26 6 2 5 2 3 6 12
Table 3. Characteristics of Turner Syndrome with Mosaicism
A 5 Height at Dx Skeletal Sexual Maturation
No Chromosome %?eg:s) X (om) ) Abnofrr?atlﬁties SMR Mens Felic  Estradiol LH FSH
° UsG (pg/mL)  (MIU/mL)  (mIU/mL)
1 45,X[11]/46,XX[9] 9 124 <3 BC CV B1 PH1 PAmM - - - -
2 45,X[41/46,XX[16] 1 129 <3 BC CV B1 PH1 PAm  SUt SOv 5.0 97.5
3 45,X[2]/46,XX[50] 12 108 <3 SN BC B2 PH2  PAm  SUt SOv 10.1 16.5 62.4
4 45,X[8]/46 XX[11] 14 130 <3 BC B1 PH1 PAm  SUt SOv 8.5 93.4
5 45,X[31/46,XX[17] 17 132 <3 no B3 PH2  SAm - - - -
6 45,X[101/46,XX[5] 18 144 <3 no B2 PH2  PAm - - - -
7 45 X[11]/47 XXX[4] 13 136 <3 BC CV B2 PH1 SAm  SUt SOv 3.2 69.4
8  45X[19]/47 XXX[4] 19 156 3-10 no B3 PH2  SAm  SUt SOv 5.0 - 129.4

Abbreviations : No, Number; Dx, Diagnosis; CV, Cubitus Valgus; BC, Broad Chest; SN, Short Neck; SMR, Sex Maturity Rating; Mens, Menstruation,
B, Breat; PH, Pubic Hair; PAm, Primary Amenorrha; SAm, Secondary Amenorrhea; SUt, Small Uterus; USG, ultra sonogram; LH, Luteinizing
Hormone; FSH, Follicular Stimulating Hormone
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Table 4. Characteristics of Turner Syndrome with Deletion of Xg or Xp

A 5 Height at Dx Skeletal Sexual Maturation
No Chromosome %%2:3) X em () Abnofrr?atlﬁties SMR  Mens "ehic  Estradiol LH FSH
° USG (pg/mL)  (mIU/mL) (mlU/mL)

1 46,X,del(X) (g10)[20] 11 126 <3 no B2 PH1 PAm SUt SOv 13.4 41.0 118.0
2 46,X,del (X) (g21)[20] 27 140 <3 no B3 PH1 SAm SUt SOv 4.0 40.0 96.5
3 46,X,del (X) (g22) [20] 42 148 <3 no B3 PH1 SAm  SUt SOv 0.0 15.0 62.4
4 46,X,del(X) (q28) [20] 17 163 50-75 no B1 PH1 PAm SUt SOv 8.3 19.9 56.7
5 46,X,del(X)(a21923)[20] 0 44 <3 no - - - - - -
6 45X [71/46,X,del(X)(q10)[13] 12 133 <3 cv B3 PH3 PAm SUt SOv 12.2 19.2 79.2
7 45X [16]/46,X,del(X)(g10) [6] 11 128 <3 CV BC B1 PH1 PAm SUt SOv 10.5 23.2 69.4
8 46,X,del (X) (010) [20] 1 123 <3 cv B3 PH2 - - - - -
9 46,X,del(X) (p22.1) [20] 16 145 <3 SN BC B4 PH4 Re NUtNOv 1285 6.5 8.7
10 46,X,del (X) (022.3)[20] 10 119 <3 BC CV B2 PH1 - - - - -

Abbreviations : No, Number; Dx, Diagnosis; CV, Cubitus Valgus; BC, Broad Chest; SN, Short Neck; SMR, Sex Maturity Rating; Mens,
Menstruation, B, Breat; PH, Pubic Hair; PAm, Primary Amenorrha; SAm, Secondary Amenorrhea, SUt, Small Uterus; NUt, Normal Uterus; SOv,
Streaky Ovaries; NOv, Normal Ovaries; Re, Regular; USG, ultra sonogram; LH, Luteinizing Hormone; FSH, Follicular Stimulating Hormone

Table 5. Characteristics of Turner Syndrome with Isochromosome of Xg

A 5 Height at Dx Skeletal Sexual Maturation
No Chromosome %?e::s) X om0 Abnofrr?atllailties SMR  Mens Felvic  Estradiol LH FSH
° USG  (pg/mL) (mIU/mL) (mIU/mL)

1 46,X,i1(X) (a10)[20] 8 100 <3 SNSMCV  B1PHI PAm SUt SOv 5.0 23.5 88.0
2 46,X,i(X) (q10)[20] 14 131 <3 no B1 PH1  PAm SUt SOv 3.0 17.0 70.7
3 46,X,i1(X) (a10) [20] 15 138 <3 no B1 PH1 PAm SUt SOv  10.1 16.5 62.4
4 46,X,i(X) (q10)[20] 25 140 <3 no B1 PH1  PAm SUt SOv 5.0 21.3 97.5
5 46,X,i1(X) (a10) [20] 31 135 <3 no B1 PH1 PAm - - - -

6 46,X,i(X) (q10)[20] 34 142 <3 MD B1 PH1  PAm SUt SOv 4.0 18.9 77.9
7 45X [101/46,X,i(X)(q10)[10] 0 49 25-50 HAP - - - - - -

8 45X [111/46,X,i(X)(q10) [4] 7 102 <3 BC CV B1 PH1  PAm SUt SOv 8.6 425 141.9
9 45X [6]/46,X,i(X)(q10)[14] 9 118 <3 SN BC B1 PH1 PAm SUt SOv 3.0 17.8 79.8
10 45X [31/46,X,i(X) (q10)[17] 10 116 <3 CV BC B1 PH1  PAm SUt SOv 5.0 1.5 64.4
11 45X [121/46,X,i(X) (q10)[8] 14 127 <3 no Bl PH1 PAm SUt SOv  13.3 16.0 150.4
12 45X [15]/46,X,i(X)(q10) [5] 16 139 <3 no B1 PH1  PAm SUt SOv 7.2 30.2 92.5
13 45X [101/46,X,i(X)(q10)[10] 21 155 10-25 no B1 PH1 PAm - - - -

14 45X [31/46,X,i(X) (q10)[17] 24 135 <3 no B1 PH1  PAm SUt SOv 5.0 8.9 79.2
15 45X [101/46,X,i(X)(q10)[10] 25 145 <3 cv Bl PH1 PAm SUt SOv  10.1 25.0 69.0
16 45X [81/46,X,i(X)(q10)[12] 25 139 <3 no B1 PH1  PAm SUt SOv 3.0 48.6 151.5
17 45X [91/46,X,i(X)(q10)[11] 30 148 <3 no B1 PH1 PAm SUt SOv 3.0 16.7 36.3
18 45X [16]/46,X.i(X)(q10) [6] 10 121 <3 SN BC MD Sc B1 PH1 PAm - - - -

Abbreviations: No, Number; Dx, Diagnosis; SM, Short metacarpals; CV, Cubitus Valgus; BC, Broad Chest; MD, SN, Short Neck; Madelung
Deformity; HAP, High Arched Palate; Sc, Scoliosis; SMR, Sex Maturity Rating; Mens, Menstruation, B, Breat; PH, Pubic Hair; PAm, Primary
Amenorrha; SUt, Small Uterus; SOv, Streaky Ovaries; USG, ultra sonogram; LH, Luteinizing Hormone; FSH, Follicular Stimulating Hormone
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