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1 INTRODUCTION

Comprehensive cytogenetic analysis of cases
referred for suspected chromosomal
abnormalities: A Five-year study at Advanced
Medical and Dental Institute (AMDI), Universiti
Sains Malaysia, Penang, Malaysia.

Abstract—Chromosomal abnormalities (CA) can affect numerical or structural
compositions of chromosomosal DNA leading to a diversity of clinical
phenotypic presentations. Awareness of prenatal diagnosis and genetic
counselling have improved with advancing medical research but CA remain
prevalent as its aetiology is unknown. The objective of this study is to
determine the frequencies of various CA in the principle region of north-
western Malaysia and compare this data to previous reports to ascertain if
statistical differences exist. Karyotype analyses performed at the Genetics
Laboratory, Advanced Diagnostic Laboratory (ADL) during the first 5-years of
cytogenetic services, totalling 1461 cases, were assessed in this report.
Cases suspected of CA were initially diagnosed by clinicians and detailed
clinical and family histories were recorded. Peripheral blood lymphocytes of
patients were collected and cultured in vitro for acquisition of karyotype by
standardized G-banding technique. Fluorescence in situ hybridization (FISH)
was conducted in cases suspected ef-to be DiGeorge, Prader-Willi, Angelman
and Williams syndrome. Of the total samples (1805) received and cultured,
1669 (92.46%) successfully yielded results. Abnormal outcomes were
observed in 495 cases (29.66%) whereby pronounced majority of cases 299
(68.42%) were Down syndrome. This is followed by Edward, Turner and
Patau syndrome, in order of frequency. Numerical CA appears to be prevalent
accounting for 85.86% of cases. Structural CA accounted for 14.14% of total
positive cases whereby the most common was deletions (34.29%) followed by
translocations (20%), ring chromosomes (5.71%), Fragile X syndrome
(4.29%), duplications (5.71%) and marker chromosomes (7.14%). The
remainder of cases (22.86%) consisted of derivative chromosomes and other
complex aberrations. The number of polymorphic variant cases were 27
(1.62%). The number of peripheral blood samples received has significantly
increased from 14.3 per month in 2006 to 32.17 per month in 2011.
Comparative analysis of our study to previous reports reveal statistical
differences in the occurrence of several CA including Edward, Patau,
Klinefelter and Fragile-X syndrome. Our experience with peripheral blood
samples for cytogenetic analysis demonstrated a success rate of 92.46%.
This showed an increase in clinicians validating patients’ diagnoses with
karyotyping which is essential in confirming genetic anomalies with the goal to
substantiate genetic counselling.
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thus, patients with CA will remain an important

Chromosomal abnormalities (CA) are responsible
for a diversity of clinical phenotypic presentations
that could range from severe mental retardation
to apparent asymptomatic conditions which may
manifest disease in future generations. Even
though awareness of prenatal diagnosis and
genetic counselling have improved with
advancing medical research, CA remains
prevalent as its aetiology is unknown. Eradication
of causal factors is improbable in the near future

medical problem. This study was performed to
determine the frequencies of various CA in the
principle region of north-western Malaysia.
Karyotype analyses for the first five (5)-years
duration of cytogenetic services provided by the
Genetics Section of the Advanced Diagnostic
Laboratory (ADL), totalling 1805 cases, was
assessed in this report. Patients’ samples were
mainly from Sultanah Bahiyah Hospital, Seberang
Jaya Hospital, Sultan Abdul Halim Hospital,

http://apps.amdi.usm.my/journal/

[27]


http://apps.amdi.usm.my/journal/
mailto:narazah@usm.my

J. of Biomed. & Clin. Sci. June 2017 Vol 2 (1), 27-32

Original Article

Penang Hospital, Kulim Hospital, Kuala Nerang
Hospital, Sungai Bakap Hospital, Kepala Batas
Hospital, Bukit Mertajam Hospital, Yan Hospital,
Taiping Hospital and this institution. Data from a
previous study conducted in Korea which adopted
similar study methodologies where cases were
grouped into almost the same type of cytogenetic
categories was also compared to determine if
statistical differences exists.

2 RESULTS

Cytogenetic analysis of 1805 cases referred were
analysed for chromosomal abnormalities (CA). Of
the 1805 samples received and cultured, 1669
successfully yielded results. There were 136
samples that could not be analysed due to failure
in culture or yielded poor metaphase spreads.
The number of peripheral blood samples received
has significantly increased from 14.3 per month in
2006 to 32.17 per month in 2011. Of the cases
referred, 495 samples (27.42%) were tested
positive for CA (Table 1). 27 cases of polymorphic
variants were also observed (Table IV). The CA
were predominantly autosomal related,
amounting to 437 cases (88.28%) (Table II), while
sex chromosome abnormalities were found in 58
referrals (Table Ill). The rate of CA detected was
similar to the report of Verma et al. (1980) [2] and
Choi et al (1984) [3] which were 27.2% and
29.3% respectively. To determine if our present
study found any significant statistical difference
from previous reports, we have selected the
publication of Kim et al. (1999) [4] for comparison
as they had a similar study methodology where
cases were grouped into almost the same type of
cytogenetic categories as our present study.
Their study also reported a similar relative
frequency of various chromosomal aberrations
when compared to studies conducted in Korea in
the early 1980s.

Numerical CA (Table I) appears to be
prevalent in our study with 425 positive cases
(85.86%). The majority of numerical aberrations
(383) were trisomy cases (91.19%). Structural CA
accounted for 14.14% of total positive cases
whereby the most common was deletions
(34.29%) followed by translocations (20%), ring
chromosomes (5.71%), Fragile X syndrome
(4.29%), duplications (5.71%) and marker
chromosomes (7.14%). The remainder of cases
(22.86%) consisted of derivative chromosomes
and other complex aberrations.

Among the autosomal CA found in our
study, Down syndrome recorded the highest
incidences with 299 cases (68.42%). Of these

cases, 282 (94.31%) were of trisomy 21 and 7
were mosaics (2.34%). Structural CA leading to
Down syndrome were also found in 9 unbalanced
Robertsonian translocation (3.01%) and 1 ring
chromosome case (0.33%). The 9 translocation
cases were identical with a karyotype of 46,
XX(Y), rob(21) +21, 46, XY, rob(14;21) +21, 46,
XX, der(21) +21 and 46, XX, der(13;21) +21. The
karyotype of the ring chromosome case was
determined to be 46, XX r(21)(p13;922).

Table I. Distribution of numerical and structural CA in the
present study of 495 cases.

Chromosomal Abnormality Number of Cases

Numerical

Trisomy 21 299
Trisomy 18 57
Trisomy 13 20
Monosomy X 36
Klinefelter's syndrome 3

47, XXX 2

47, XYY 2
Others 6
Total 425 (85.86%)
Structural

Deletion 24
Translocation 14
Ring chromosome 4
Fragile-X syndrome 3
Duplication 4
Marker chromosome 5
Others 16
Total 70 (14.14%)

Edward syndrome was found to be the
second most common autosomal aneuploidy with
57 cases (13.04%). There were 54 trisomy 18
incidences and 3 mosaics. No reports of
structural aberrations leading to Edward
syndrome was found in our study. Patau
syndrome recorded 20 cases and was the third
most common autosomal CA in our study. There
were 18 trisomy 13 cases and 2 cases with
translocations leading to this disorder. Other
autosomal aberrations of structural origin consists
of deletions (5.26%), translocations (2.52%), ring
chromosomes (0.92%), duplications (0.69%) and
marker chromosomes (0.92%). Of the deletion
cases, there were 8 cases of DiGeorge
syndrome, 5 cases of Prader Will/Angelman
syndrome, 3 cases of William syndrome and 8 at
other chromosomal sites. The remaining 16
cases of autosomal aberrations include less well
defined numerical and complex structural CA.

Of the sex chromosome abnormalities
detected, Turner syndrome was the most
common with 36 cases whereby 13 were
monosomy 45, X and 23 were mosaics.
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Table Il. Distribution of autosomal chromosomal abnormalities by karyotype.

Karyotype

Present study

Kim et al. 1999

Number Sub-categories Relative frequency Relative frequency
(%) (%)
Down syndrome (Trisomy 21) 299 68.42 55.98
47, XX(Y), +21 282
Mosaic:
47, XX(Y), +21/46, XX(Y) 7
Translocation:
46, XX(Y), rob(21) +21 6
46, XY, rob(14;21) +21 1
46, XX, der(21) +21 1
46, XY, der(13;21) +21 1
Ring chromosome 21 1
Edward syndrome (Trisomy 18) 57 13.04 4.36
47, XX(Y), +18 54
Mosaic:
47, XX(Y)+18/46, XX(Y) 3
Patau syndrome (Trisomy 13) 20 4.58 0.95
47, XX(Y), +13 18
Translocation:
46, XY, rob(13;13), +13 1
46, XX, rob(13;14), +13 1
Other autosomal aberrations
Deletion 24 5.26 5.50
DiGeorge syndrome 8 -
Prader Willi/Angelman 5
syndrome
William syndrome 3
Macrodeletion 8
Translocation 11 2.52 16.70
Ring chromosome 21 4 0.92 1.52
Duplication 3 0.69 8.16
Marker chromosome 4 0.92 3.04
Miscellaneous 16 3.66 3.80
Total 438 100.00 100.00
Klinefelter syndrome recorded a very low 3 DISCUSSION

incidence count with only 3 cases. Other sex
chromosome related aberrations detected from
our study include Fragile X, triple X and 47, Jacob
syndrome (XYY) with an incidence of 3, 2 and 2
case respectively. The remaining 6 cases
consisted of numerical and complex structural
anomalies which are uncommon and less well
defined in terms of association with clinical
features.

27 polymorphic variants were detected in
our study (1.62%). There were 4 each of 46, XY,
21ps+ and 46, XY, 16gh+, 3 46, XY, 22pstk+, 2
each 46, XY, variant chromosome 9 and 46, XX,
1gh+, and 1 each of 46, XX, 22ps+, 46, XY,
22pstk+, ps+, 46, XY, 21pstk+, 46, XY, 21pstk+,
ps+, 46, XX, 16gh+, 46, XY, 15cenh+, ps+,
46,XX, ldps+, 46, XY, 1ldpstk+, ps+, 46, XX,
13ps+, 46, XY, 13ps+, 46, XY, 13ps+, 15pstk+
and 46, X, Ygh-. The variants found in our study
were different from that in Kim’s study which
detected 152 cases from a total of 4117 samples
(3.69%). The individuals in our study with
polymorphic variants consisted of 21 males
(77.78%) and 6 females (22.22%).

Our study observed an occurrence of CA similar
to several studies including Verma et al. (1980)
[2] and Choi et al. (1984) [3], however some
reports have disclosed lower incidence rates [5].
Many factors could lead to statistical differences
including application of cytogenetic tests,
presence of risk factors and social practice.

In the present study, the most common CA
was Down syndrome (Table Il) which accounted
for 299 of the positive cases (68.42%). Compared
to the findings of Kim et al. (1999) [4] which
reported 40.92% of positive cases were Down
syndrome, our study reported a much higher
relative  frequency. However, we found
significantly lower incidences of translocations
leading to Down syndrome with only 3.01%
compared to 5.08% in Kim’s study. We also
observed 1 case of ring chromosome (involving
chromosome 21) leading to Down syndrome
which was not found in Kim’s report. Although it is
noted that most cases of aneuploidy are not
inherited, structural aberrations leading to these
disorder, including translocations and ring
chromosomes, can be passed down to future

http://apps.amdi.usm.my/journal/

[29]


http://apps.amdi.usm.my/journal/

J. of Biomed. & Clin. Sci. June 2017 Vol 2 (1), 27-32

Original Article

generations. In the general population, it is
observed that Robertsonian translocations are
responsible for between 3 to 4% of Down
syndrome cases while ring chromosome and
segmental trisomy 21 rarely occur [6].

An interesting feature of our study is the
identification of significantly higher relative
frequencies for the incidences of Edward and
Patau syndrome compared to other reports
[4,7,8]. At the time of diagnosis, the Edward
syndrome patients range from 1 day old to 1 year
old while Patau syndrome patients were new-
born to 5 months old. Patients of both syndromes
have short life expectancies as a result of several
life-threatening medical problems. Edward
syndrome patients normally do not survive past
their first month while Patau syndrome infants die
within their first days or weeks of life. However, in
both syndromes, about 5 to 10 percent of patients
do live past a year[9,10].

Among the cases of sex chromosome
abnormalities, Turner syndrome was found to be
the most common with similar relative frequency
to the report of Kim et al. (1999) [4] (Table IlI).
Also in agreement is that mosaicism is more
common than monosomy 45, X. Of the 23 mosaic
cases, 6 (33.33%) had Y chromosome
components (including presence of SRY gene,
45, X/46, X+mar(Y) and 45, X/46, XY), which is
proportionally more than double of that reported
by Kim (15.52%). Of these cases, 4 were
reportedly 45, X/46, XY, whereby 2 were females
(aged 19 and 25 years old), 1 was male (9 years
old) and the remaining patient had ambiguous
genitalia with the presence of the SRY gene later
confirmed (4 months old). It is observed that in
the general population, the majority of mosaic 45,
X/46, XY patients are externally normal males,
while about 5% are females with Turner

syndrome and around another 5% are born with
ambiguous genitalia [11].

Klinefelter syndrome was the second most
common sex chromosome abnormality reported
by Kim with a relative frequency of 30.41% which
is almost 6 times higher than our present study of
5.17%. Although it is believed that Klinefelter
syndrome is possibly one of the most common
CA occurring in humans, affecting about 1 in 500
males [12], which is five times higher than Turner
syndrome which affects 1 in 2500 females [13],
our study found an extremely low occurrence of
this aberration. This could be, in part, due to the
varying degree of phenotypic presentations,
rendering the condition not readily identifiable.
Individuals with Klinefelter syndrome live near-
normal lives especially in adulthood as many are
asymptomic, although some cases may have
complications pertaining to physical, language
and social development earlier in life. The
disorder may be more apparent after marriage as
between 95% to 99% of XXY males are infertile
[12].

The relative frequencies of 47, XXX and 47, XYY
cases in our study (Table IIl) is in agreement with
Kim et al. (1999) [4] which is significantly lower
compared to previous statistic reports in new-
born children [7,8]. As phenotypic manifestation
of these CA are not usually apparent, many
carriers are undiagnosed [4]. The incidences of
Fragile-X syndrome in our study is also
considerably low, with only 3 confirmed cases,
although it is thought to be the second most
common cause of genetically associated mental
deficiencies after Down syndrome ([14]. The
incidences of Fragile-X syndrome are 1 in 4000
males and 1 in 8000 females [15]. All the Fragile
X syndrome cases in our study are males.

Table Ill. Distribution of sex chromosome abnormalities by karyotype.

Karyotype Present study Kim et al. 1999
Number Sub-categories Relative frequency Relative frequency
(%) (%)

Turner syndrome 36 62.07 58.76

45, XO 13

Mosaic 45, X0/46, XX 23
Fragile-X syndrome (FXS) 3 5.17 -
Klinefelter syndrome 47, XXY 3 5.17 30.41
47, XXX 2 3.45 1.55
Jacob syndrome 47, XYY 2 3.45 2.58
Macrodeletion 1 1.72
Translocation 3 5.17
Duplication 1 1.72
Marker chromosome 1 1.72
Others 6 10.34 6.70
Total 58 100.00 100.00
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Table IV. Relative frequency of polymorphic variant karyotype among referred cases of the present study.

Karyotype Number Relative frequency
46, XY, variant chromosome 9 2 7.41
46, XX, 22ps+ 1 3.70
46, XY, 22pstk+ 3 11.11
46, XY, 22pstk+, ps+ 1 3.70
46, XY, 21ps+ 4 14.82
46, XY, 21pstk+ 1 3.70
46, XY, 21pstk+, ps+ 1 3.70
46, XY, 16gh+ 4 14.82
46, XX, 16gh+ 1 3.70
46, XY, 15cenh+, ps+ 1 3.70
46,XX, 14ps+ 1 3.70
46, XY, 14pstk+, ps+ 1 3.70
46, XX, 13ps+ 1 3.70
46,XY, 13ps+ 1 3.70
46, XY, 13ps+, 15pstk+ 1 3.70
46, XX, 1gh+ 2 7.41
46, X, Ygh- 1 3.70
Total 27 100.00

Polymorphic variants are common cytogenetic
heteromorphism detectable by conventional G-
banding technique and are not known to be
associated with phenotypic presentations [16].
They encompass prominent acrocentric short
arms, satellites and stalks, as well as
heterochromatin regions of chromosome 1, 9, 16
and Y [17]. Although previous studies have
suggested the role of polymorphic variants in
male infertility [18], none of the cases in our
report were referred for this reason. However
mounting evidence by researchers in this field are
increasingly supportive of this association [16].
The most common polymorphic variant observed
in our study was that of variant chromosome 9,
which affected one female and three males,
accounting for 0.27% of total referred cases. The
female patient was referred for neonatal
encephalopathy whilst the male patients were
diagnosed each with congenital hypothyroidism,
Pierre Robin syndrome and one unstated.
Nevertheless it is not possible to confirm whether
variant chromosome 9 is responsible for the
associated clinical features.

In conclusion, our experience with peripheral
blood samples for cytogenetic analysis
demonstrated a success rate of 92.46% and
showed an increase in clinicians validating their
diagnoses with karyotyping which is essential in
confirming genetic anomalies and able to
substantiate genetic counselling. It is hoped that
our report together with future studies will
increase the awareness in the importance of
prenatal diagnosis to reduce the recurrence of
CA.

CONFLICTS OF INTEREST

The authors report no conflicts of interest. The
authors alone are responsible for the content and
writing of the paper.

ACKNOWLEDGEMENT

We would like to thank Nur Atigah Ahmad, Nur
Hidayah Salim and Norfateha Seman for their
technical assistance.

REFERENCES

[1] LG Shaffer, LJ Campbell, ML Slovak (2009). ISCN
2009: An International System for Human Cytogenetic
Nomenclature. 1st ed. Karger: Basel; 2009.

[2] RS Verma, H Dosik (1980). Incidence of major
chromosomal abnormalities in a referred population for
suspected chromosomal aberrations: a report of 357
cases. Clinical Genetics. [Online] 17, pp. 305-308.

[3] WS Choi, KH Kim, YK Paik (1984). A cytogenetic study
in patients referred for suspected chromosomal
abnormalities. Journal of Hanyang Medical College.
[Online] 4, pp. 565-597.

[4] SS Kim, SC Jung, HJ Kim, HR Moon, JS Lee (1999).
Chromosome abnormalities in a referred population of
suspected chromosomal aberrations: a report of 4117
cases. Journal of Korean Medical Science. [Online] 14,
pp. 373-376.

[5] ™ Balkan, H Akbas, H Isi, D Oral, A Turkyiimaz, S
Kalkanli, et al. (2010). Cytogenetic analysis of 4216
patients  referred for suspected chromosomal
abnormalities in Southeast Turkey. Genetics and
Molecular Research. [Online] 9(2), pp. 1094-1103.

[6] SN Heyn, D Perlstein, editors. Down Syndrome
[monograph on the internet]. California:
eMedicineHealth, WebMD; 2011 [cited 2011 Oct 10].

Available from:
http://imww.emedicinehealth.com/down_syndrome/articl
e_em.htm/.

[71 EB Hook, JL Hamerton (1977). The frequency of
chromosome abnormalities detected in consecutive
newborn studies, differences between studies, results
by sex and by severity of phenotypic involvement. In:

http://apps.amdi.usm.my/journal/

[31]


http://apps.amdi.usm.my/journal/

J. of Biomed. & Clin. Sci. June 2017 Vol 2 (1), 27-32 Original Article

Hook EB, Porter IH, editors. Population cytogenetics:
studies in humans. New York: Academic Press; [Online]
pp. 63-79.

[8] J Nielsen, M Wohlert (1991). Chromosome
abnormalities found among 34910 newborn children:
results from a 13-year incidence study in Arhus,
Denmark. Human Genetics. [Online] 87, pp. 81-83.

[9] Genetics Home Reference [homepage on the Internet].
Bethesda, MD: Trisomy 13, U.S. National Library of
Medicine; c2009-11 [updated 2009 Jan; cited 2011 Oct
10]. Available from:
http://ghr.nim.nih.gov/condition/trisomy-13#definition/.

[10] Genetics Home Reference [homepage on the Internet].
Bethesda, MD: Trisomy 18, U.S. National Library of
Medicine; c2009-11 [updated 2009 Jan; cited 2011 Oct
10]. Available from:
http://ghr.nim.nih.gov/condition/trisomy-18#definition/.

[11] Spalding J., Genetics Mosaics Support Group
[monograph on the internet]. Laurel, MD: xyTurners;
2004 [cited 2011 Oct 10]. Available from:
http://www.xyxo.org/index.html/.

[12[ National Institute of Child Health & Human Development
[homepage on the Internet]. Bethesda, MD: U.S.
National Institutes of Health; c2007-11 [updated 2007
May 24; cited 2011 Oct 10]. Available from:
http://www.nichd.nih.gov/health/topics/klinefelter_syndro
me.cfm/.

[13] Genetics Home Reference [homepage on the Internet].
Bethesda, MD: Turner Syndrome, U.S. National Library
of Medicine; c2008-11 [updated 2008 May; cited 2011
Oct 10]. Available from:
http://ghr.nlm.nih.gov/condition/turner-
syndrome#definition/.

[14] JA Jewell, B Buehler, editors. Fragile X Syndrome
[monograph on the internet]. California: Medscape
Reference, WebMD; 2011 [cited 2011 Oct 10]. Available
from:  http://emedicine.medscape.com/article/943776-
overview#a0101/.

[15] Genetics Home Reference [homepage on the Internet].
Bethesda, MD: Fragile X Syndrome, U.S. National
Library of Medicine; c2007-11 [updated 2007 May; cited
2011 Oct 10]. Available from:
http://ghr.nim.nih.gov/condition/fragile-x-
syndrome#definition/.

[16] FI Sahin, Z Yilmaz, OO Yuregir, T Bulakbasi, O Ozer,
HB Zeyneloglu (2008). Chromosome heteromorphism
an impact on infertility. J Assist Reprod Genet. [Online]
25, pp. 191-195.

[17] AR Brothman, NR Schneider, | Saikevych, LD Cooley,
MG Butler, S Patil, et al. (2006). Cytogenetic
heteromorphisms:  Survey results and reporting
practices of Giemsa-band regions that we have
pondered for years. Arch Pathol Lab Med. [Online]
130(7), pp. 947-949.

[18] K Yakin, B Balaban, B Urman (2005). Is there a
possible correlation between chromosomal variants and
spermatogenesis?. International Journal of Urology.
[Online] 12, pp. 984-989.

http://apps.amdi.usm.my/journal/ [32]



http://apps.amdi.usm.my/journal/

