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A Cytogenetic Analysis of Inversion as a Type of Structural Chromosome
Aberration in Prenatal Diagnosis
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One of the frequent occurrences in rearrangements is chromosome inversion. Pericentric inversion is considered to be
the variant of normal karyotype. We investigated the karyotypes of 1195 cases being referred to prenatal diagnosis
using standard GTG banding for karyotype preparation. The chromosomal analysis revealed a total of 15 (1.26%)
inversions. The characteristics of inversion type [(inv(4), inv(8), inv(9), inv(11)) were investigated on the basis of
chromosomal analyses of fetuses and their parents. The results from chromosomal examination of the parents, whose
fetuses were diagnosed as inversion, show that either parent might be the carrier. Inversion in human chromosome is
commonly seen in normal humans and the frequency estimated to be 1 to 2% in general population and the exact
amount of this phenomenon is still unclear. These results indicate that inv(8), inv(9), and inv(11) are phenotypically
normal. However these may often cause clinical problems in offspring of the carrier, such as fetal wastage repeated
spontaneous abortions and infertility with unknown mechanisms related to sex. We describe an inversion of human
chromosome and its clinical correlation with human genetic discase.

Key Words: Inversion of chromosome, Prenatal diagnosis

MB

3 Al

= 1
o] AAX dokg GaAe] gRRoe] 180° 3]s}
of A AAF AT o] LAYZIT} (Malan et al., 2006).
o3

A=

AT gl o9le T e devo] #F BoA

Lot EUAE T B o), $7 49
FH Lol Aawel 47 FANT TAE Aol

(Khaleghian and Azimi, 2006). ¢h]
ratio)ol] W35 2] o] wjE

e 2000 119 39/ FHY: 20003 128 149
Ad: 2009 129 15
TCorresponding author: Kyung Ah Yoon, Department of Clinical Pathology,
Dagjeon Health Sciences College, Daejeon 300-711, Korea.
Tel: 010-2271-8082, Fax: 02-3673-1993
e-mail: geenter@snu.ac.kr

A probeE ©]-&-3+ FISH (fluoresence in situ hybridization)
o] ofEiARr 0 = gtk At FHE G
N 7Bk ofugl GANA| o] H)go] W3}
71

[}
whize] ALFAGH T A7 FEE S 9tk

FEH, I Foll M 40%7F 9 BAA A HAYSIH
(Kaiser, 1984; Cheong et al., 1997) £ (infertility), <%+
2} (recurrent abortions) 12]31 HAE-EZ (schizophrenia)
I Aol urkar BuEI gt (Coqulo et al., 2003;
Udayakumar et al., 2009). ©]& Z-$- A ks chet
o] Zole] FAZE 2a FRA0FE FEI HAo] glo
nZ2 giRio] A4 ol (nomal variation)ol £3}e] A
A S Kol AR QA A A= o
e

7l 3
F+ists 493 T} (Andrews et al., 1998).



HA

LM

99 R 49 P waslw, oo G BA 7)
A% f1 gt ARy dolnu st

1. A4

2008 1945E 20093 10¥874A] 2 X Heo] AR
AN (FHHE2: HMEFHE AFHE Ad e

X o7 AAH AXE FEI G5 AA 2T A,
fratel 23 7é.zﬂ L1958l oisf |SAA Ay 2y
= AT, 2 F GAA d9E Zre Fie @A)
1589l EHBHA Hrol oz dd A HALE F7}
2 AYste] §1 FF ARE FEYE ZE AA 9
BAA HAFE 1A Aol Ex) Bele] Fo] MH
S B2 F AT

2. AP

G MR} R AA, kel 278 53 fojrl

Zb AAEL wg wiA] BIOAMF-2 (Biological, Inc.,
Kibbutz Beit Haemek, Israc)& 253}9] 37°C, 5% CO, Hi
W71 in situ BRESERATE oF 5~7H F Ao B3

= A BH“% 7EA] wf el
S| AL wjFslth dE Y AAE d9d
SHof A543t 0.15 mL Phytohemagglutinin (GibcoBRL,
Grand Island, NY, U.S)°e] 7} 5 mL BIOAMF-2
(Biological, Inc., Kibbutz Beit Haemek, Israel) 8}=|o] 0.5
mL 932 37C vjF7|elA 72417t vieFstict. vk &
7 Aol 7+ ok -&7]9] 0.2 mL colcemid & (10 pg/mL,
GibcoBRL, Grand Island, NY, US)—°— A7FskaL 37C, 5%
0, Blg7lel T3tk wjFedlS AAskaL 0.0375 M KCl
ZVE-]'QH (Hypotonic solution)S H7}gH & A2 2087F
Tk 2% g4 AAE 75 mM KCl AFAS A7t
o 37°C Blgr]olA 4087 FYUh AN (Methanol :
Acetic acid=3:1) 1 mL& o] HoF T 208 5 A
2o X3 & 14 AAE Y ¢ R SEol=
£ Ak ezl EEeolme AR a2 X
171 3 50% #Akslaa &do] 3% Astal oA |
AR 5o B AZFGTE AxE SEOIEE 0.025%
Trypsin (GibcoBRL, Grand Island, NY, U.S.)3} 10% Giemsa
(Sigma-Aldrich, Strinheim, Germany) &8 02 AA (GTG
banding)sl] @AR|ZE L2 F71F AEE BESIGTE §
AED B8 dr|AstollA 257 A=) F7] HFE
stal BApo|AlEo] o4lE = A= 5070 o] Al
w23

bl r:i rob,

o u

Table 1. List of chromosomal inversions detected in cytogenetic karyotyping

No. ?:rﬁ;ﬁe%f Karyotype (;‘:I;;ﬁ{s%l Indications for chromosomal analysis
1 AF 46,XX,inv(9)(pl12q13) F Advanced maternal age (39 years old)
2 AF 46,XX,mv(9)(p12q13) M Previous baby with chromosomal abnormality
3 AF 46,XY.,inv(9)(p12q13) F Advanced maternal age (43 years old)
4 AF 46,XX,inv(9)(pl12q13) M Positive maternal serum marker screening”
5 AF 46,XY,inv(9)(p12q13) F Advanced maternal age (37 years old)
6 AF 46,XY,inv(9)(p12q13) F Advanced maternal age (35 years old)
7 AF 46,XX,inv(9)p12q13) F Advanced maternal age (36 years old)
8 AF 46,XY.inv(9)(p12q13) M Advanced maternal age (37 years old)
9 AF 46,XY.,inv(9)(p12q13) M Positive maternal serum marker screening”
10 AF 46,XX,inv(8)(p23ql1) M Advanced maternal age (40 years old)
11 AF 46,XX,inv(9)(p12ql3) F Positive maternal serum marker screening*
12 AF 46,XX,inv(11)(p15q13) F Positive maternal serum marker screening”
13 AF 46,XY,inv(9)(p12q13) M Positive maternal serum marker screening”
14 AF 46,XX,inv(4)(p12q21)[16]/46,XX[50] ND Abnormal fetal ultrasound findings
15 AT 46,XX,inv(9)(p12q13) ND Recurrent miscarriage (>2)

 AF, amniotic fluid; AT, abortus tissue
bM mother; F, father; ND, not determined

" Maternal serum alpha-fetoprotein and unconjugated estriol<0.8MOM and BhCG>2MOM
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Table 2. Sex distribution of inversion carriers in prenatally
diagnosed fetuses and their parents

No. of carriers Male Female
Fetuses 15 6 9
Parents 13 7 6

Table 3. Frequency of chromosomal inversions in prenatal
diagnosis

No. of fetuses

Type of inversion Male Fomalo Total (%)
inv(9)(p12q13) 6 6 12 (80.0)
mv(4)(p12q21) 1 1(6.7)
inv(8)(p23q11) 1 1( 6.7
inv(11)(p15q13) 1 1(67)
Total 6 9 15(100.0)

GAA HME FAe FAA olux] A AlxE
(chromosome image processing system)$! ChIPS-Karyo
(GenDix, Inc., Seoul, Korea)3 AF&-3}3ith FAA| o} o]
4 271 2 Y- ISCN 2009 (International System
of Human Cytogenetic Nomenclature )] F-goll uje} ¥
SFATE (Shaffer et al., 2009).
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Fig. 1. Idiogram (with breakpoints arrowed) and partial karyo-
types showing the normal (left) and inverted (right) chromosomes
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Table 4. Associations between the different disturbances and inversion of chromosome

Karyotype Disturbances Reference
Inv(1)(p13q42) Infertility, nonobstructive azospermia Nam et al., 2002
Inv(2)(pllq21) Empty follicle syndrome, Sanja et al., 2005
Spontaneous abortion Malgorzata et al., 2004
Inv(5)(q15933.2) Spontaneous abortion Madan et al., 1984
inv(8)(p21p23) Recurrent abortion The present study
Inv(8)(q22q24) Infertility, oligomenorrhea, Hirsutism, scanty pubic hair Madan et al., 1984
Inv(9)p11ql2) Recurrent abortion Hossein et al., 2009
Mental retardation Cora et al., 2000
inv(9)(p12q13) Mental retardation The present study
Inv(9)(q31.2q34.3) Schizoaffective disorder, short stature, depressed nasal bridge, Inayama et al., 1997
hypertelorism, slender shoulders
Inv(10)(p15.2q11.22) Hypogonadotropic hypogonadism Zofia et al., 2003
Inv(11)(p15q22) Chronic myelogenous leukemia (CML) ‘Yamamoto et al., 2005
Inv(12)(p11q23) Infertility Morel et al., 2007
Inv(15)(q13qter) Weill-Marchesani syndrome Chung et al., 2007
Inv(16)(p13q22) Acute myelomonocytic leukemia (AML) Lee et al,, 2007
Inv(20)(p12.3q13.3) Infertility Morel et al., 2007
Inv(21)(p12q22.3) Infertility Malan et al., 2006
Inv(X) Complete androgen insensitivity syndrome (CAIS) Xuetal., 2003
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