
yto�ge�ne�tic�analy�sis�is�an�im�por�tant�to�ol�in�the�di�ag�no�sis�of�ge�ne�tic�di�-
sor�ders.�It�in�vol�ves�cell�cul�tu�re,�me�tap�ha�se�ar�rest,�hypo�to�nic�tre�at�-
ment,�cell�fi�xa�ti�on,�sli�de�pre�pa�ra�ti�on�and�use�of�ban�ding�met�hods.
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Inversion�Analysis�in�
Cytogenetics�Researches

ABS�TRACT�Ob�jec�ti�ve:�The�re�ha�ve�be�en�gre�at�im�pro�ve�ments�in�chro�mo�so�me�analy�sis�soft�wa�re�pa�ral�le�-
ling�the�de�ve�lop�ments�in�com�pu�ter�tech�no�logy�sin�ce�1980s.�The�re�are�ma�inly�thre�e�sta�ges�in�ge�ne�ra�ting
kar�yoty�pes�in�chro�mo�so�me�analy�sis�systems.�The�se�are�1.�Cap�tu�ring�pho�tog�raphy�of�the�me�tap�ha�se�re�-
gi�on�by�mic�ros�co�pe�using�a�vi�de�o�ca�me�ra�and�sa�ving�it�on�a�com�pu�ter,�2.�Eli�mi�na�ting�the�back�gro�und
no�i�se�by�re�du�cing�the�thres�hold�va�lu�e�of�the�sa�ved�pho�tog�raphy�and�dif�fe�ren�ti�a�ting�the�chro�mo�so�mes,
3.�Gro�u�ping�each�chro�mo�so�me�in�the�kar�yoty�pe�tab�le�ac�cor�ding�to�the�ir�length�and�band�struc�tu�re.�The
pur�po�se�of�using�this�met�hod�was�to�dif�fe�ren�ti�a�te�the�nor�mal�and�ab�nor�mal�chro�mo�so�mes�with�using�the
nu�me�ri�cal�da�ta�se�qu�en�ce��and�chart�which�ob�ta�in�chro�mo�so�mes�pho�tog�raphy.�Me�ta�ri�al�and�Met�hods:�In
this�study,�chro�mo�so�mes�with�in�ver�si�ons�and�nor�mal�chro�mo�so�mes�we�re�com�pa�red�with�soft�wa�re.�The
soft�wa�re�used�in�this�study�trans�forms�the�ban�ded�chro�mo�so�me�pho�tog�raph�to�nu�me�ric�da�ta�se�qu�en�ce.
The�nu�me�ric�da�ta�se�qu�en�ce�com�pa�red�with�Pe�ar�son�Cor�re�la�ti�on�analy�sis.�Re�sults:�The�soft�wa�re�used�in
this�study�trans�forms�the�ban�ded�chro�mo�so�me�pho�tog�raph�to�nu�me�ric�da�ta�se�qu�en�ce.�The�re�sul�ting�nu�-
me�ric�da�ta�re�ve�a�led�the�dif�fe�ren�ces�of�chro�mo�so�mes�with�nor�mal�and�pat�ho�lo�gi�cal�struc�tu�res�using�sta�-
tis�ti�cal�analy�sis.�Conc�lu�si�on:�Nu�me�ric�da�ta�se�qu�en�cing�using�a�soft�wa�re�prog�ram�iden�ti�fi�ed�chro�mo�so�mes
wit�ho�ut�ta�king�in�to�ac�co�unt�chro�mo�so�me�morp�ho�logy.�We�sug�gest�that�the�met�hod�des�cri�bed�is�be�ne�-
fi�ci�al�in�de�ter�mi�ning�chro�mo�so�me�in�ver�si�on�and�the�clas�si�fi�ca�ti�on�of�chro�mo�so�mes.�

Key�Words:�Cyto�ge�ne�tic�analy�sis;�in�ver�si�on;�chro�mo�so�me

ÖZET�Amaç:�1980'ler�den�bu�ya�na�kro�mo�zom�ana�li�zi�ya�zı�lım�ve�sis�tem�le�rin�de�bü�yük�iler�le�me�ler�ol�muş�-
tur.�Bu�sis�tem�le�rin�ça�lış�ma�şek�li;�1-�mik�ros�ko�ba�bağ�lı�di�ji�tal�ka�me�ra�ile�me�ta�faz�böl�ge�si�nin�res�mi�nin�çe�-
kil�me�si,� 2-� res�min� ar�ka� pla�nı�nın� te�miz�len�me�si� ve� kro�mo�zom�la�rın� be�lir�gin�leş�ti�ril�me�si� ve� 3-
kro�mo�zom�la�rın�grup�lan�dı�rıl�ma�sı�şek�lin�de�özet�le�ne�bi�lir.�Kul�lan�dı�ğı�mız�me�to�dun�ama�cı�nor�mal�ve�anor�-
mal�ya�pı�da�ki�kro�mo�zom�la�rın�ay�rı�mı�nı�kro�mo�zom�fo�toğ�ra�fın�dan�el�de�edi�len�gra�fik�ler�ve�sa�yı�sal�ve�ri�di�-
zi�le�ri�ni�kul�la�na�rak�sağ�la�mak�tır.�Ge�reç�ve�Yön�tem�ler:�Bu�ça�lış�ma�da�nor�mal�ya�pı�ya�sa�hip�kro�mo�zom�lar
ile�in�ver�si�yon�lu�kro�mo�zom�lar�ya�zı�lım�la�kar�şı�laş�tı�rıl�mış�tır.�Bu�ça�lış�ma�da�kul�la�nı�lan�ya�zı�lım,�bant�lan�mış
kro�mo�zom�fo�toğ�ra�fı�nı�sa�yı�sal�ve�ri�di�zi�si�ne�dö�nüş�tür�mek�te�dir.�Sa�yı�sal�ve�ri�di�zi�le�ri�Pe�ar�son��ko�re�las�yon
ana�li�zi�ile�kar�şı�laş�tı�rıl�mış�tır.�Bul�gu�lar:�Bu�ça�lış�ma�için�ge�liş�ti�ri�len�ya�zı�lım�la�anor�mal�bant�ya�pı�sı�na�sa�-
hip�kro�mo�zom�la�rın,�nor�mal�ya�pı�ya�sa�hip�olan�kro�mo�zom�lar�ile�kar�şı�laş�tı�rı�la�rak�in�ver�si�yon�la�rın,���gra�-
fik�sel�ve�sa�yı�sal�ola�rak�tes�pi�ti�ya�pıl�mış�tır.�Sa�yı�sal�ve�ri�ler�kro�mo�zo�mun�nor�mal�ve�pa�to�lo�jik�ya�pı�far�kı�nı
is�ta�tis�tik�sel�ola�rak�or�ta�ya�koy�muş�tur.�So�nuç:�El�de�et�ti�ği�miz�so�nuç�kro�mo�zom�la�rın�mor�fo�lo�ji�si�ne�ba�kıl�-
mak�sı�zın�sa�yı�sal�ve�ri�di�zi�le�ri�ile�kro�mo�zom�la�rın�iden�ti�fi�ye�edi�le�bi�le�ce�ği�ni�gös�ter�miş�tir.���Ta�rif�edi�len�bu
me�to�dun�kro�mo�zom�in�ver�si�yo�nu�nun�be�lir�len�me�sin�de�ve�kro�mo�zom�la�rın�sı�nıf�lan�dı�rıl�ma�sın�da�ya�rar�lı
ol�du�ğu�nu�dü�şün�mek�te�yiz.�
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Fol�lo�wing�the�ban�ding,�analy�sis�is�do�ne�by�cap�tu�-
ring�pho�to�mic�rog�raphs�of�the�me�tap�ha�se�spre�ads,
and�de�ve�lo�ping�and�prin�ting�the�film�in�the�dark
ro�om.�In�di�vi�du�al�chro�mo�so�mes�are�then�ma�nu�ally
cut,�pa�i�red,�pas�ted�and�a�kar�yoty�pe�is�ma�de.�This
who�le�pro�ce�du�re�is�ti�me�con�su�ming,�la�bo�ur�in�ten�-
si�ve�and�ex�pen�si�ve.�With�the�in�cre�a�sing�work�lo�ad
of�the�cyto�ge�ne�tic�la�bo�ra�to�ri�es�and�the�ava�i�la�bi�lity
of�im�pro�ved�com�pu�ter�ca�pa�bi�li�ti�es�for�ima�ge�pro-
ces�sing,�the�Ima�ge�Analy�sing�System�with�ap�prop�-
ri�a�te� soft�wa�re,� ha�ve� be�co�me� the� cho�i�ce� for
cyto�ge�ne�tic�analy�sis.�The�system�inc�lu�des�a�light
mic�ros�co�pe�with�or�wit�ho�ut�an�au�to�ma�tic�me�tap�-
ha�se�scan�ning�sta�ge,�char�ged�co�up�le�de�vi�ce�(CCD)
ca�me�ra� and� com�pu�ter�with� spe�ci�al� soft�wa�re� for
ima�ge�cap�tu�ring,�chro�mo�so�me�co�un�ting,�au�to�ma�-
tic�kar�yoty�ping�etc.1

Sin�ce�1980s, com�pu�ters�ha�ve�be�en�uti�li�zed�in
kar�yoty�pe�analy�sis�in�cyto�ge�ne�tic�stu�di�es.�The�first
uti�li�zed�systems�we�re�com�po�sed�of�com�pu�ters�with
LSI/11�mic�rop�ro�ces�sor�and�For�tran�and�Mac�ro�pro-
g�ram�ming�lan�gu�a�ge�de�sig�ned�for�them.2 Cur�rently,
kar�yoty�pe�analy�sis�systems�su�i�tab�le�for�PC�and�Mac
are�used.3 Ex�cept�for�so�me�kar�yoty�pe�analy�sis�soft-
wa�re�used�to�day,�pro�per�ti�es�that�are�ab�le�to�de�tect
the�struc�tu�ral�ano�ma�li�es�of�chro�mo�so�mes�do�not
exist.�In�the�soft�wa�re�de�ve�lo�ped�for�this�study,�nor-
mal�and�ab�nor�mal�(ha�ving�an�in�ver�si�on)�chro�mo�-
so�mes�we�re�com�pa�red�and�the�ir�dif�fe�ren�ce�we�re
pre�sen�ted�nu�me�ri�cally�as�well�as�grap�hi�cally.�

A�chro�mo�so�mal�aber�ra�ti�on�in�which�a�seg�ment
of�a�chro�mo�so�me�is�re�ver�sed�in�ori�en�ta�ti�on�but�not
re�lo�ca�ted� is� cal�led� an� in�ver�si�on.� The�re� are� two
types�of�in�ver�si�on.�Pa�ra�cen�tric�in�ver�si�ons�in�vol�ve
only�one�arm�of�a�chro�mo�so�me,�whe�re�as�pe�ri�cen�-
tric�in�ver�si�ons�in�vol�ve�both�arms�of�a�chro�mo�so�me
and�the�re�fo�re,�inc�lu�de�the�cen�tro�me�re.�The�type�of
in�ver�si�on�do�es�not�ha�ve�to�be�spe�ci�fi�ed,�as�this�will
be�evi�dent�from�the�bre�ak�po�ints.�Thus,�ge�ne�rally,
lar�ge�in�ver�si�ons�are�as�so�ci�a�ted�with�a�gre�a�ter�risk
of�pro�du�cing�ab�nor�mal�li�ve�born�offs�pring,�be�ca�u�se
the� re�com�bi�nant� chro�mo�so�mes� as�so�ci�a�ted� with
them�carry�small�dup�li�ca�ti�ons�and�de�fi�ci�en�ci�es�that
ha�ve�a�gre�a�ter�pro�ba�bi�lity�of�be�ing�com�pa�tib�le�with
sur�vi�val.�Furt�her�mo�re,�the�lar�ger�the�in�ver�si�on,�the
gre�a�ter�the�li�ke�li�ho�od�that�a�re�com�bi�na�ti�on�event

wit�hin�the�in�ver�si�on�lo�op�will�oc�cur�and�form�re-
com�bi�nant�chro�mo�so�mes.�The�op�po�si�te�is�tru�e�of
small�in�ver�si�ons�with�lar�ge�dis�tal�seg�ments,�which
are�usu�ally�as�so�ci�a�ted�with�a�very�low�risk�of�li�ve�-
born�ab�nor�mal�offs�pring.4

In�pre�vi�o�us�stu�di�es�in�di�ca�ted�in�ver�si�ons�we�re
ob�ser�ved�in�re�cur�rent�preg�nancy�los�ses�46,XX,inv
(9)(p11q12), 46,XY,inv(9)(p24q13)�ma�le�in�fer�ti�lity,
46,XY,inv(9)(p24q34.1) FTT�and�con�ge�ni�tal�ano�ma�-
li�es�in�offs�pring,�46,XY,inv(9)(p11q13)�acu�te�le�u�ke�-
mi�a,46,XY,inv(9)(p11q21),�fa�mi�li�al�bi�po�lar�di�sor�der,
46,� XY,� inv(9)(p11q13)� As�per�ger� Syndro�me� Pi�a,
46,XY,inv(9)(p11q13)�Gol�den�har�Syndro�me�or�ocu�-
lo-au�ri�cu�lo-ver�teb�ral� spec�trum,� 46,XX,� inv(9)
(p11q13)� schi�zop�hre�ni�a-li�ke� psycho�sis,� 46,XY,
inv(9)(p11q13)�schi�zop�hre�ni�a,�46,XX,inv�(9)(p13q24)
ne�u�rob�las�to�ma,�46,XX,inv�(9)(p13q21)�ec�to�der�mal
dyspla�si�a,� 46,XX,inv(9)� (p33.2q34.1)�Blep�ha�rop�hi�-
mo�sis�Syndro�me,�46,XX,�inv�(9)(p11q11)�re�cur�rent
spon�ta�ne�o�us� first� tri�mes�ter� abor�ti�ons,� 46,XY,
inv(9)(q31.2q34.3)�schi�zo�af�fec�ti�ve�di�sor�der,�short�sta�-
tu�re,�dep�res�sed�na�sal�brid�ge,�hyper�te�lo�rism�and�slen-
der� sho�ul�ders,� 46,XX,inv(11)(q13q23)� pe�di�at�ric
os�te�o�sar�co�ma,�46,XX,inv(14)(q11q32) T-Cell�le�u�ke�-
mi�a,�46,XY,�inv(18)(q21.1q22.1)�Gil�les�de�la�To�u�ret�-
te�syndro�me,�46,XY,inv(X)(q11q28) FG�syndro�me,
46,XY,�inv(9)(p21q21)�pri�mary�in�fer�ti�lity,�mo�re�o�ver,
in�ver�si�on�chro�mo�so�me�9�in�du�ced� men�tal�re�tar�da�ti�-
on, fa�mi�li�al�schi�zop�hre�ni�a,�im�mo�ti�le/ul�tras�truc�tu�ral
sperm�de�fect,�do�ub�le�aor�tic�arch�(CHD),�hydro�nep�-
hro�sis, en�cep�ha�lo�ce�le,�ne�u�ro�fib�ro�ma�to�sis,�pru�ne�belly
syndro�me, ha�bi�tu�al�abor�ti�ons,�spon�ta�ne�o�us�abor�ti�-
ons, and ame�norr�he�a.5-33

MA TE RI AL AND MET HOD

The�soft�wa�re�uses�the�chro�mo�so�me�ima�ges�sa�ved
on�the�com�pu�ter�or�the�ima�ge�from�the�vi�de�o�ca�m-
e�ra�so�ur�ce.�Analy�sis�is�star�ted�by�tur�ning�on�the�im-
a�ges� of� nor�mal� chro�mo�so�mes� and� chro�mo�so�mes
with�in�ver�si�on�res�pec�ti�vely.�The�si�ze�of�the�ima�ges
of�nor�mal�chro�mo�so�mes�and�chro�mo�so�mes�with
in�ver�si�on�equ�a�led�to�400�pi�xels�by�the�soft�wa�re.
Mo�re�o�ver,�ima�ges�ta�ken�from�the�vi�de�o�so�ur�ce�and
chro�mo�so�me�pho�tos�ta�ken�di�rectly�from�the�mic�-
ros�co�pe�that�do�not�ha�ve�kar�yoty�pe�analy�sis�sys-
tems�are�fi�xed�with�this�soft�wa�re�du�e�to�its�op�ti�ons

Taştan�ve�ark. Tıbbi�Genetik



Turkiye�Klinikleri�J�Med�Sci�2008;28(6) 813

a b c d

FIGURE�1:�The original images of some chromosomes (a-d, left) and their modified profiles by software (a-d, right).

such�as�Co�lor�Ba�lan�ce�4(R-G-B),�Brigh�tness/Con�-
trast,�Ligt�hness�(B),�Dark�ness�(W),�Co�lor,�R/G�and
Ne�ga�ti�ve�ima�ge�(Fi�gu�re�1).�

Soft�wa�re�is�pac�ka�ged�in�two�dif�fe�rent�mo�des.�The
first�soft�wa�re�Band�Analy�sis�10�di�vi�ded�the�chro�mo�-
so�me�in�to�10�equ�al�parts�and�as�ses�sed�the�chro�mo�so�-
me�in�200�li�nes.�The�first�soft�wa�re�was�su�i�tab�le�for�the
low-re�so�lu�ti�on�chro�mo�so�mes�who�se�band�le�vel�was
400.�The�se�cond�soft�wa�re�Band�Analy�sis�20�di�vi�ded
the�chro�mo�so�me�in�to�20�equ�al�parts�and�as�ses�sed�the
chro�mo�so�me�in 400�li�nes.�The�se�cond�soft�wa�re�was
su�i�tab�le�for�chro�mo�so�mes�with�a�high�band�le�vel�(800
and�abo�ve).�The�soft�wa�re�scan�ned�the�ima�ge�of�the
chro�mo�so�me�star�ting�from�the�first�li�ne�and�at�tri�bu�-
ted�a�nu�me�ri�cal�va�lu�e�to�the�parts�with�a�black�band
in�li�ne�with�the�dark�ness�of�the�co�lor.�The�co�lor�va�lu�-
es�of�all�pi�xels�on�the�li�ne�we�re�re�cor�ded�and�the�ir�av-
e�ra�ges� we�re� cal�cu�la�ted.� Chro�mo�so�me’s� nu�me�ri�cal
na�tu�re�is�de�ter�mi�ned�both�from�the�ave�ra�ge�band�con-
cen�tra�ti�on�and�nu�me�ri�cal�da�ta�fi�le.�Cor�re�la�ti�on�analy-
sis�of�nor�mal�and�ab�nor�mal�chro�mo�so�mes�was�do�ne
by�com�pa�ring�the�da�ta�fi�les�cre�a�ted�si�mul�ta�ne�o�usly
with�the�Band�analy�sis.�In�Band�Analy�sis�10�soft�wa�re
da�ta�fi�les�we�re�di�vi�ded�in�to�10�pi�e�ces�and�10�dif�fe�rent
cor�re�la�ti�on�analy�ses�we�re�ma�de.�On�the�ot�her�hand,
in�Band�Analy�sis�20�soft�wa�re�the�da�ta�fi�les�we�re�di�vi�-
ded�in�to�20�pi�e�ces.�The�re�a�son�of�di�vi�ding�chro�mo�so�-
me�in�to�pi�e�ces�for�sta�tis�ti�cal�exa�mi�na�ti�on�was�to�find
out�the�chro�mo�so�me�re�gi�ons�that�show�low�or�ne�ga�-
ti�ve�cor�re�la�ti�on.

In�this�study, chro�mo�so�mes�with�in�ver�si�ons
and�nor�mal�chro�mo�so�mes�we�re�com�pa�red.�In�ad-
di�ti�on,�two�nor�mal�chro�mo�so�mes�we�re�com�pa�red
to�test�the�soft�wa�re.�

Sta�tis�ti�cal�Analy�sis

Pe�ar�son�cor�re�la�ti�on�analy�sis�is�used�for�the�clas�si�fi�-
ca�ti�on�and�iden�ti�fi�ca�ti�on�of�chro�mo�so�mes�in�this
study.�For�in�ver�si�on�parts�of�in�ver�ted�chro�mo�so�-
mes,only�the�cor�re�la�ti�on�va�lu�es�eit�her�ze�ro�or�the
va�lu�es�ne�ar�ze�ro�are�con�si�de�red.�

EX PE RI MEN TAL RE SULTS

Pe�rI�cen�trIc�In�ver�SI�on�of�chro�mo�So�me�

8�46,XX,�inv(8)(p21q11.2)

Chro�mo�so�me�8�that�shows�a�pe�ri�cen�tric�in�ver�si�on
was�com�pa�red�with�the�sa�me�in�di�vi�du�al’s�nor�mal
chro�mo�so�me�8.�The�lengths�of�both�chro�mo�so�mes
we�re�equ�a�led�to�155�pi�xels�(Fi�gu�re�2).�The�star�ting
po�int�of� in�ver�si�on�p21�is�the�third�re�gi�on�in�the
grap�hic�ge�ne�ra�ted�by�the�soft�wa�re�(Fi�gu�re�3).�In-
ver�si�on�ends�in�the�se�venth�re�gi�on�in�the�grap�hic
(q11.2�re�gi�on)�(Tab�le1).

Medical�Genetics Taştan�et�al

FI�GU�RE�2:�Chro mo so me 8 (left), pe ri cen tric in ver si on of chro mo so me 8 (rigth).
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Pe�rI�cen�trIc�Inver�SI�on�of�chro�mo�So�me�

2�46,XX,�inv(2)(p11.2�q13)

In�p11.2�q13�in�ver�si�on�ob�ser�ved�in�chro�mo�so�me�2,
the�lengths�of�both�chro�mo�so�mes�we�re�equ�a�led�to
160�pi�xels�(Fi�gu�re�4).�Chro�mo�so�me�2�that�has�a�nor-
mal�band�struc�tu�re�was�shown�on�the�left�and�the
chro�mo�so�me�that�shows�in�ver�si�on�was�shown�on
the�right.�In�ver�si�on�star�ted�in�the�fo�urth�re�gi�on�and
en�ded�in�the�eighth�re�gi�on�in�the�grap�hic.�An�asy�-
mmet�ri�cal�struc�tu�re�was�ob�ser�ved�in�the�grap�hic�in
the�fo�urth�and�eighth�re�gi�ons�(Fi�gu�re�5).�Com�pa�-
tib�le�with�the�grap�hic�and�chro�mo�so�me�ima�ges,�va�-
lu�es�gi�ven�in�the�fo�urth�and�eighth�re�gi�ons�in�the

cor�re�la�ti�on�tab�le�for�med�by�the�soft�wa�re�had�a�lo�-
wer� cor�re�la�ti�on� com�pa�red� to� the� ot�her� re�gi�ons.
Cor�re�la�ti�on�tab�le�it�self�can�even�gi�ve�in�for�ma�ti�on
abo�ut�the�in�ver�si�on�re�gi�ons�(Tab�le�2).�In�Fi�gu�re�6
chro�mo�so�me�pic�tu�re�was�exa�mi�ned�ela�bo�ra�tely�in
20�re�gi�ons.�����

com�PA�rIng�chro�mo�So�me�11�wIth�

A�nor�mAl�bAnd�Struc�tu�re

In�this�part�of�the�study,�the�soft�wa�re�was�tes�ted�by
using�only�nor�mal�chro�mo�so�mes.�Grap�hics�de�sig�-
ned�for�both�chro�mo�so�mes�matc�hed�one-to-one.
Euc�hro�ma�tin�re�gi�ons�we�re�uns�ta�i�ned�whe�re�as�he�t-
e�roc�hro�ma�tin�re�gi�ons�we�re�sta�i�ned�(ta�ken�a�band)
(Fi�gu�re�7).�In�both�grap�hics�chro�mo�so�me�11 cen-
tro�mer�cor�res�pon�ded�to�10�re�gi�ons.�Chro�mo�so�me�p
arm�was�lo�ca�ted�on�the�left�si�de�of�the�grap�hic�and
chro�mo�so�me�q�arm�was�on�the�right�si�de�of�it�(Fi�-
gu�re�8).

The� chro�mo�so�me� pho�tos� used� in� this� study
we�re�ta�ken�by�Ze�iss�Axi�op�la�in�mic�ros�co�pe.�Chro-
mo�so�mes�we�re�at�ta�i�ned�from�pe�rip�he�ric�blo�od�cul-
tu�re�on�a�Pb�Max�re�ady�me�di�um.�Mic�ros�co�pe�sli�des
we�re�pre�pa�red�with�Gi�em�sa-Trypsin�sta�i�ning�met�-
hod.�

RE SULTS

Nu�me�ric�da�ta�is�ob�ta�i�ned�from�gi�em�sa�–try�psin��sta�-
i�ning�met�hod�pho�tog�raphs.�Nu�me�ric�da�ta�se�qu�en�ces
se�pa�ra�te� the� nor�mal� and� in�ver�ted� chro�mo�so�mes.

Taştan�ve�ark. Tıbbi�Genetik

Chromosome�regions�from� Average�band�intensity�from Average�band�intensity�from The�correlation�between�normal�and� Sig.(0.01�level)

arm�p�to�arm�q� normal�chromosome�8 inverted�chromosome�8 inverted��chromosome�band�intensities p�value

1 10504.63 11954.81 0.993601 0.000

2 8368 10364.44 0.8518 0.000

3 8221.813 10975.75 -0.73149 0.053

4 11254 10281.75 0.218205 0.328

5 7650.188 8623.25 0.714115 0.013

6 6794.375 8294.375 0.95316 0.277

7 8600 8602.75 0.94482 0.020

8 6169.875 7923.188 0.623171 0.241

9 9246.875 9010.563 0.862544 0.042

10 9741.063 9492.063 0.999945 0.000

TABLE�1:� Software measured and calculated result from normal chromosomes 8 and inverted chromosomes 8. 
(Pearson correlation is significant at the 0.01 level).

FIGURE�3:�Software generated graphic from normal (top) compared to in-
verted (bottom).



Nor�mal�and�in�ver�ted�cho�ro�so�me�nu�me�ric�se�qu�en�ces
we�re�inc�lu�ded�in�the�cor�re�la�ti�on�analy�sis.�Mo�re�ver,
in�ver�ted�re�gi�ons�can�be�de�ter�mi�ned�sta�tis�ti�cally�wit�-
ho�ut�using��chro�mo�so�me�morp�ho�logy), In�ad�di�ti�on,
nu�me�ric� da�ta� se�qu�en�ces� of� nor�mal� and� in�ver�ted

chro�mo�so�mes� we�re� com�pa�red� with� cor�re�la�ti�on
analy�sis.�Nu�me�ric�da�ta�se�qu�en�ce�is�di�vi�ded�in�to�10
equ�al�parts.�Then,�the�cor�re�la�ti�on�va�lu�e�of�each�part
is�cal�cu�la�ted�.�In�Tab�le�1�and�2,�the�cor�re�la�ti�on�va�lu�e
of�10�equ�al�parts�from�p�to�q�is�cal�cu�la�ted.�Nor�mal
and�in�ver�ted�chro�mo�so�mes�are�se�pa�ra�ted�with�this
met�hod.�In�Tab�le�3,�the�chro�mo�so�me 11 of�two�dif-
fe�rent�in�di�vi�du�als�with�nor�mal�struc�tu�re�is�analy�zed.
Sin�ce�both�ha�ve�nor�mal�struc�tu�re,�no�sta�tis�ti�cal�dif-
fe�ren�ce�is�ob�ser�ved.�In�Tab�le�4,�chro�mo�so�me�11�is
com�pa�red�with�an�in�di�vi�du�al’s�chro�mo�so�mes�(22�au-
to�so�mal�and�1�sex�chro�mo�so�me).�The�hig�hest�cor�re�-
la�ti�on�va�lu�e�is�ob�ser�ved�bet�we�en�the�chro�mo�so�mes
11.�The�se�re�sults�sho�wed�that�nu�me�ric�da�ta�se�qu�en�-
ces�using�soft�wa�re�prog�ram�iden�ti�fi�ed�chro�mo�so�mes
wit�ho�ut�ta�king�in�to�ac�co�unt�of�chro�mo�so�me�morp�-
ho�logy.�

DIS CUS SI ON

The� sub�ject�mat�ter� soft�wa�re�comp�le�ments�ot�her
chro�mo�so�me�analy�sis�soft�wa�re�used�in�cli�ni�cal�cy-
to�ge�ne�tic�la�bo�ra�to�ri�es�in�terms�of�the�be�low�sta�ted
pro�per�ti�es.�

I-�It�trans�forms�chro�mo�so�me�pho�tog�raphy�to
a�chart�on�an�X,�Y�two�di�men�si�o�nal�plat�form.

II-�It�ma�kes�chro�mo�so�me�pho�tog�raphy�nu�me�-
ri�cal�and�sta�tis�ti�cally�analy�zes�chro�mo�so�me�pho�tos
that�we�re�trans�for�med�in�to�nu�me�ri�cal�da�ta�(Supp�-
le�men�tal�1).�

By�this�way, the�soft�wa�re�will�be�help�ful�in
dif�fe�ren�ti�a�ting�the�nor�mal�band�struc�tu�red�chro-
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FIGURE�4:�Chromosome 2 (left), inverted chromosome 2 (rigth).

FIGURE�5:�Software generated graphic from normal chromosomes 2 (top),
compared to inverted chromosomes 2 (bottom).

Chromosome�regions�from� Average�band�intensity�from� Average�band�intensity�from� The�correlation�between�normal�and� Sig.(0.01�level)

arm�p�to�arm�q� normal�chromosome�2 inverted�chromosome�2 abnormal�chromosome�band�intensities� p�value

1 11062 10026.31 0.989735 0.000

2 11294.13 10419.5 0.76146 0.000

3 11227.44 9670.438 0.563199 0.053

4 11860.63 10466.75 0.285693 0.328

5 12887.31 10569.44 -0.4389 0.013

6 11602.63 9460.375 0.367009 0.277

7 10008.13 9311.75 -0.5427 0.020

8 9939.813 8914.063 0.256672 0.241

9 9803.875 9412.625 0.771236 0.042

10 9783.25 8888 0.99803 0.000

TABLE�2:� Software measured and calculated result from normal chromosomes 2 and inverted chromosomes 2.
(Pearson correlation is significant at the 0.01 level)



mo�so�mes� from�ab�nor�mal�ones.�Mo�re�o�ver,� co�lor,
con�trast,�thres�hold�and�ne�ga�ti�ve�ima�ge�pro�per�ti�es
ma�ke�the�chro�mo�so�me�pho�tos�su�i�tab�le�for�analy�sis.
Anot�her�uti�li�za�ti�on�are�a�of�the�soft�wa�re�is�that�it
can�be�used�for�ul�tra�mic�ros�pec�trop�ho�to�metry�that

is�ba�sed�on�a�prin�cip�le�of�de�fi�ning�which�chro�mo�-
so�me�band�ta�kes�what�amo�unt�of�sta�in�du�ring�the
pre�pa�ra�ti�on�of�chro�mo�so�me�sli�de�pha�se.�

Ac�cor�ding�to�Ah�med�et.�al�the�clas�sic�met�hod�of
chro�mo�so�me�iden�ti�fi�ca�ti�on�is�as�fol�lows;�1.�De�ter�mi�-
na�ti�on� of� Chro�mo�so�me� cen�tro�me�re� 2.� Des�cri�bing
ban�ding�pat�terns�3.�A�con�text-sen�si�ti�ve�clas�si�fi�ca�ti�on
pro�ce�du�re�ba�sed�upon�re�la�ti�ve�length,�cen�tro�me�ric�in�-
dex�and�ban�ding�des�crip�ti�on�of�the�chro�mo�so�mes.

In�con�trast,�only�nu�me�ric�da�ta�se�qu�en�ces�are
used�in�this�study.�Our�soft�wa�re�se�pa�ra�tes�nu�me�ric
da�ta�se�qu�en�ces�from�nor�mal�and�in�ver�ted�chro�mo�-
so�mes�wit�ho�ut�using�chro�mo�so�me�morp�ho�logy.

Hil�ler�B�et�al�sho�wed�that�for�sta�tis�ti�cal�analy-
sis�in�can�cer�cyto�ge�ne�tics,�the�ge�no�mic�chan�ges�en-
co�ded�by�the�kar�yoty�pe�sho�uld�be�trans�la�ted�in�to
nu�me�ri�cal�co�des.�We�de�ve�lo�ped�a�prog�ram,�which
ex�tracts�chro�mo�so�mal�ga�ins�and�los�ses�as�well�as
bre�ak�po�ints�from�the�kar�yoty�pe.�The�chan�ges�are
com�pi�led�in�tab�les�ac�cor�ding�to�the�chro�mo�so�me
bands�in�vol�ved�and/or�de�pic�ted�in�pro�jec�ti�on�to�the
res�pec�ti�ve�chro�mo�so�me�ide�og�ram.34

Ac�cor�ding�to�Hil�ler,�ge�no�mic�chan�ges�in�kar�-
yoty�pe� sho�uld� be� con�ver�ted� to� nu�me�ric� co�des.
With�the�soft�wa�re�that�we�used�in�our�study,�ban�-
ded�chro�mo�so�mes�are�con�ver�ted�to�nu�me�ric�co�des.

Mar�tin�et�al�de�mons�tra�ted�that�the Ima�ge�Analy-
sis Systems had�var�ying�amo�unts�of�de�ci�si�on-ma�king
abi�lity.�The�me�tap�ha�se�chro�mo�so�mes�are�ma�ni�pu�la�-
ted�(cut)�and�ar�ran�ged�(pas�ted)�in�pa�irs�on�the�kar�y-
oty�pe�card�(pro�jec�ted�on�to�the�com�pu�ter�mo�ni�tor).
Chro�mo�so�mes�are�clas�si�fi�ed�ba�sed�on�chro�mo�so�me
di�men�si�on�(e.g.,�re�la�ti�ve�length�of�chro�mo�so�mes,�cen-
tro�me�ric�in�dex, i.e.�ra�ti�o�of�short�arm�to�long�arm)
and�ban�ding�pat�tern�pro�fi�le.�As�su�ming�ab�sorp�ti�on
ima�gery,�bands�are�con�si�de�red�the�dark�re�gi�ons�of�the
chro�mo�so�mes�by�the�system.�An�op�ti�cal�den�sity�ba�sed
thres�hold�se�lects�the�dark�parts�as�re�gi�ons�po�ten�ti�ally
be�a�ring�a�band.�In�this�way, the�va�gu�e�con�nec�ti�ons
bet�we�en�cle�arly�se�pa�ra�ted�bands�are�avo�i�ded.�From
this�and�so�me�mo�re�in�for�ma�ti�on, a�sub�set�of�the�bands
is�ex�trac�ted�and�used�for�clas�si�fi�ca�ti�on.�So�me�of�the
systems� use� the� cen�tral� po�si�ti�on� of� the� fol�lo�wing
bands�to�get�an�ini�ti�al�kar�yoty�pe.35
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FIGURE�6:�Software generated large scaled graphic from normal chromosomes

2 (top),  compared to inverted chromosomes 2 (bottom).

FIGURE�7:�Software generated graphic from two normal chromosomes 11. 

FIGURE�8:�Chromosomes 11 (left and right).



In�con�trast,�Mar�tins�study�si�mi�larly�nu�me�ric
da�ta�is�used�re�gard�less�of��re�la�ti�ve�length�of�chro-
mo�so�mes,�cen�tro�me�ric�in�dex�i.e.�ra�ti�o�of�short�arm
to�long�arm.

At�tempts�for�an�ac�cu�ra�te�au�to�ma�ted�chro�mo�-
so�me�clas�si�fi�ca�ti�on�using�a�ne�u�ral�net�work�ha�ve�led
to�par�ti�al�re�sults.36

Alt�ho�ugh�the�ima�ge�analy�sis�system�ma�kes
the�pro�cess�of�cyto�ge�ne�tic�analy�sis�ra�pid,�cost�ef-

fec�ti�ve�and�eli�mi�na�tes�la�bor�in�vol�ved�in�the�con-
ven�ti�o�nal�met�hod,�the�system�can�not�it�self�de�tect
any�ab�nor�ma�lity�(struc�tu�ral�or�nu�me�ri�cal)�pre�sent
in�a�me�tap�ha�se.�All�its�de�ci�si�on-ma�king�fe�a�tu�res
are�just�to�help�in�im�pro�ving�the�re�so�lu�ti�on�of�the
band�and�ma�king�the�cyto�ge�ne�tic�analy�sis�cor�rect
and� fas�ter.� The�re�fo�re, a� qu�a�li�fi�ed,� skil�led� and
well-tra�i�ned�cyto�ge�ne�ti�cist�is�es�sen�ti�al�for�cyto�-
ge�ne�tic�analy�sis.
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Chromosome�regions�from� Average�band�intensity�from� Average�band�intensity�from� The�correlation�between�normal�and� Sig.(0.01�level)

arm�p�to�arm�q normal�chromosome�2 inverted�chromosome�2 abnormal�chromosome�band�intensities p�value

1 12853.38 11517.19 0.9819434 0.000

2 11480.69 11061.94 0.9289895 0.000

3 11214.06 10755.25 0.6795448 0.008

4 12330.75 12070.56 0.8956381 0.000

5 12434.19 12277.94 0.9710914 0.000

6 12095.13 12112.31 0.9942735 0.000

7 10823.06 10809.06 0.4571935 0.171

8 10919.06 10690.75 0.9102486 0.000

9 11914.25 11743.63 0.4213372 0.262

10 10089.88 8910.125 0.9973502 0.000

TABLE�3:� Software measured and calculated result from normal chromosomes 11 
(Pearson correlation is significant at the 0.01 level).

Chromosomes�name Correlation�value p�value Chromosomes�name Correlation�value p�value

1 0.196719887 .014 15 0.213333689 0.008

2 0.510773597 .000 16 0.372612688 0.000

3 0.299917282 .000 17 0.695293285 0.000

4 0.600123669 .000 18 0.173412437 0.031

5 0.283456899 .000 19 0.024312984 0.764

6 -0.013101545 .871 20 0.517839413 0.000

7 0.197831778 .014 21 -0.11046621 0.171

8 0.372335067 .000 22 0.243541392 0.002

9 0.523482713 .000 X 0.660654771 0.000

10 0.320474647 .000 8 0.605791967 0.000

11 0.846952535 .000 inverted 8 0.448876838 0.000

12 0.697742216 .000 2 0.603784655 0.000

13 0.6134873 .000 inverted 2 0.452368429 0.000

14 0.173143415 .031 11 0.789103493 0.000

TABLE�4:� The table shows correlations between the numeric data sequence of chromosome 11 and all other chromosomes. 
(Pearson correlation is significant at the 0.01 level) 
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Normal�chromosome��2 Inverted�chromosome� Normal�chromosome�8 Inverted�chromosomes� Normal�chromosome� Normal��chromosome�

2�(inv(2)(p11.2�q13)) 8�(inv(8)(p21;q11.2)) 11�(46,�XX)� 11�(46,�XX)

14001 12607 14039 15037 14398 13740

14111 12365 14305 15304 14788 13953

13626 11932 13436 14957 14568 13787

13268 11896 12514 14443 14384 13458

12723 11897 12514 14443 14244 13308

12095 11760 11735 13789 14040 12914

11759 11598 11119 13079 13969 12721

11596 10770 11119 13079 13865 12520

10995 10059 10479 12213 13792 11909

10556 9531 9937 11494 13647 11541

10251 8946 9937 11494 13590 11003

10143 8570 9610 10889 13114 10944

10198 8897 9244 10398 12795 10769

10496 9549 9244 10398 12487 10788

11174 10044 8842 10260 11973 10920

11823 11009 8227 10112 11780 11258

12080 11596 8227 10112 11377 11451

12347 12034 7963 10012 11425 11476

12274 11720 7631 9772 11668 11474

11678 11071 7631 9772 11780 11484

11007 10508 7441 9472 11855 11644

10328 9774 7719 9317 11921 11722

9953 8761 7719 9317 11907 11831

10130 8657 8065 9390 11846 11763

10602 8701 8476 9692 11775 11675

11161 8855 8476 10227 11625 11412

11554 9547 8919 10227 11474 10944

11879 10523 9378 11048 11124 10039

11806 11177 9378 12175 10953 9588

11457 11450 9376 12175 10781 9642

10627 11329 9262 13011 10400 9588

9805 10967 9262 13512 10246 9646

9498 10106 8284 13512 10513 10402

9350 9112 7339 13530 10690 10819

9228 8601 7339 13501 11046 11491

9577 8085 6788 13501 11211 11642

10498 8085 6612 12977 11512 11718

10916 8508 6612 11963 11612 11801

11083 9112 6564 11963 11493 11247

11654 9686 7130 11051 11228 10184

11929 10094 7130 9949 11126 9744

12303 10470 8365 9949 10987 9665

12541 10439 9589 8695 10922 9571

12736 10620 9589 8091 11147 9543

12846 10735 10100 8091 11413 10851

12919 10304 10423 7783 12071 11536

12756 9803 10423 7544 12208 12224

12276 9485 10787 7544 12274 12312

11967 9065 11162 7778 12369 12198

SUPPLEMENTAL�1:� Chromosomes numerical datas (155 pixel density).
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11428 8690 11162 7998 12369 11919

10746 9030 11027 7998 12156 11692

10370 9317 11170 8866 12061 11206

10627 9957 11637 10138 12052 11124

11289 10364 11637 10708 12173 11360

12285 10783 11927 10708 12352 11943

13115 10618 12169 11358 12463 12210

13433 10554 12169 11851 12611 12719

13052 10843 12174 11851 12882 12999

12451 10841 11490 12043 12850 13202

11742 11428 11490 11810 12573 12724

11428 11852 10691 11810 12447 12376

11576 12122 9686 11312 11959 11716

11985 12519 9686 10735 11701 11429

12574 12740 8911 10735 11290 11060

12722 12680 8592 9666 11408 10610

12872 12276 8592 8727 11611 10783

12992 11700 7962 8727 11935 11290

13007 10735 7705 8292 12099 11557

13038 10132 7705 7913 12438 12102

13129 9651 7644 7913 12586 12367

13007 9441 7255 7777 12755 12629

12901 9498 7255 8029 12850 12857

12903 9878 6996 8029 12914 12989

12842 9957 6937 8348 12878 13140

12753 10002 6937 8590 12824 13127

12784 10240 7337 8590 12797 13082

13051 10284 7600 8852 12802 13001

12961 10048 7600 8871 12866 12956

12661 9849 7375 8913 12894 12897

12314 9814 7344 8913 12946 12863

12075 9909 7344 8875 12954 12852

11987 9891 7654 8829 12934 12880

11971 10362 7650 8829 12788 12866

12194 10768 7650 8914 12686 12596

12164 10830 7541 8946 12447 12475

11952 11057 7337 8946 12307 12328

11548 11038 7337 8765 11971 12092

10916 10646 7158 8361 11883 11986

10779 9971 6610 8361 11834 11772

10960 9019 6610 7709 11794 11768

11442 8125 6102 7465 11741 11701

11594 7420 5585 7465 11545 11638

11534 7120 5585 7522 11445 11538

11338 7336 5419 7405 11199 11278

10874 8060 5784 7405 11048 11164

10130 8750 5784 7351 10728 11022

9226 9350 6138 7389 10626 10942

9319 10121 6805 7389 10522 10847

9544 10300 6805 7507 10452 10776

9832 10222 7744 8009 10461 10716

10357 9850 8213 8009 10582 10712

10987 9308 8213 8182 10650 10757

11311 8478 8742 8319 10863 10811
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10993 7906 9192 8722 11041 10890

10496 7649 9522 8722 11341 10889

10163 7678 9522 9003 11315 10868

9836 8387 10063 9525 11245 10882

9365 8867 10298 9525 11218 10811

9304 10106 10298 9874 11057 10788

9619 10903 10361 10059 10626 10740

9648 11113 9900 10059 10442 10494

9774 10872 9900 10250 10246 10349

10134 10735 8792 10179 10191 10245

10627 10499 7511 10179 10091 10324

11022 10030 7511 9462 10134 10440

11327 9293 5726 8924 10259 10551

11099 8745 4708 8924 10309 10496

10658 8098 4708 8035 10409 10342

10119 7093 4268 7142 10653 10302

9485 6684 4274 7142 10768 10390

9182 6642 4274 6592 11064 10542

9213 7122 4509 6401 11247 10631

9410 7892 5225 6401 11541 10899

9098 8571 5225 6317 11657 11041

9065 9414 6517 6763 11909 11173

9337 10105 7785 6763 12040 11573

9487 10830 7785 7297 12187 11754

9427 11084 8513 7830 12445 12076

10055 10604 8978 7830 12508 12075

10509 10214 8978 8407 12314 12123

10777 9717 9167 8514 12241 12106

10244 9277 8815 8530 11969 12113

9520 8491 8815 8530 11808 12113

9081 7815 8778 8772 11626 12111

8626 8270 8877 9053 11507 12248

9774 9414 8877 9053 11597 12352

10470 10150 8977 9115 11744 12371

10728 10870 9150 9279 11808 11869

10695 11053 9150 9279 11768 11545

10033 9456 9676 9530 11760 10975

9257 8328 10279 10037 11798 10832

8842 7787 10279 10037 11844 10634

8824 8072 10641 10373 11891 10355

9907 8495 11283 10906 12045 10452

10903 9244 11283 10906 12158 10608

11581 10297 11841 11622 12362 10707

12305 11225 12558 12175 12579 11019

12917 11656 12558 12175 13041 11098

13310 12016 13015 12716 13262 11254

13628 12250 13469 13137 13713 11787

14001 12701 13469 13137 13955 11997

14239 13029 13912 13491 14175 12674

14407 13219 14054 13788 14535 13141

14569 13806 14054 13788 14687 13543

14765 14270 14361 14032 14926 14282
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