
                     T.C. 
             $.'(1ø=�h1ø9(56ø7(6ø 
      6$ö/,.�%ø/ø0/(5ø�(167ø7h6h 
%L\RLVWDWLVWLN�YH�7Õbbi %LOLúLP $QDELOLP�'DOÕ 

 
 
 
 
 
 
 

*(1(7ø.�9(5ø�ød(5(1�./ø1ø.�9(5ø�
7$%$1/$5,1$�<g1(/ø.�$1$/ø=�<g17(0/(5ø  

 
 
 
 
 

Özgür TOSUN 
 
 
 
 
 
             

 
 

Doktora Tezi 
 
 
 
 
 
 
 
 

Antalya, 2012 
 
 
 
 
 



                     T.C. 
             $.'(1ø=�h1ø9(56ø7(6ø 
      6$ö/,.�%ø/ø0/(5ø�(167ø7h6h 
%L\RLVWDWLVWLN�YH�7ÕEEL %LOLúLP $QDELOLP�'DOÕ 

 
 
 

 
*(1(7ø.�9(5ø�ød(5(1�./ø1ø.�9(5ø�

7$%$1/$5,1$�<g1(/ø.�$1$/ø=�<g17(0/(5ø  
 
 
 
 
 

Özgür TOSUN 
 
 
 
 

Doktora Tezi 
 
 
 
 

7H]�'DQÕúPDQÕ 
Prof. Dr. Osman SAKA 

 
 

 
 
 
 
 
 

“.D\QDNoD�*|VWHULOHUHN�7H]LPGHQ�<DUDUODQÕODELOLU´ 
 
 
 
 
 

Antalya, 2012 



6D÷OÕN�%LOLPOHUL�(QVWLW�V��0�G�UO�÷�’ne; 
 
%X�oDOÕúPD��M�ULPL]�WDUDIÕQGDQ�%L\RLVWDWLVWLN�YH�7Õbbi %LOLúLP�$QDELOLP�'DOÕ, 

7ÕS�%LOLúLPL 3URJUDPÕQGD Doktora WH]L�RODUDN�NDEXO�HGLOPLúWLU�  …../…./….. 
 
 
 
7H]�GDQÕúPDQÕ� Prof. Dr. Osman SAKA 
     Akdeniz ÜniversitHVL�7ÕS�)DN�OWHVL� 
   Biyoistatistik ve 7ÕEEL�%LOLúLP�$QDELOLP�'DOÕ            
   
 
Üye:   Prof. Dr. Sadi ÖZDEM 
     $NGHQL]�hQLYHUVLWHVL�7ÕS�)DN�OWHVL� 
   7ÕEEL�)DUPDNRORML $QDELOLP�'DOÕ               
 
 
Üye.   Prof. Dr. (UJXQ�.$5$$ö$2ö/8 
     Hacettepe ÜniYHUVLWHVL�7ÕS�)DN�OWHVL� 
   Biyoistatistik $QDELOLP�'DOÕ  
                   
 
Üye:   Yrd. Doç. Dr. Kemal Hakan GÜLKESEN 
     $NGHQL]�hQLYHUVLWHVL�7ÕS�)DN�OWHVL� 
   Biyoistatistik ve 7ÕEEL�%LOLúLP�$QDELOLP�'DOÕ  
                   
 
Üye:   Yrd. Doç. Dr. 8÷XU�%ø/*(       
   $NGHQL]�hQLYHUVLWHVL�7ÕS�)DN�OWHVL� 
   Biyoistatistik ve 7ÕEEL�%LOLúLP�$QDELOLP�'DOÕ  
               
 
ONAY: 
 
 Bu tez�� (QVWLW�V�� <|QHWLP� .XUXOXQFD� EHOLUOHQHQ� \XNDUÕGDNL� M�UL� �\HOHUL�
WDUDIÕQGDQ�X\JXQ�J|U�OP�ú�YH�(QVWLW��<önetim Kurulu’nun …. / …. / 2012 tarih ve 
««��««�VD\ÕOÕ�NDUDUÕ\OD�NDEXO�HGLOPLúWLU� 
 
 
 
 
       Prof. Dr. øVPDLO�h67h1(/ 
                 Enstitü Müdürü 
 
 



6D÷OÕN�Bilimleri Enstitüsü Kurulu vH�$NGHQL]�hQLYHUVLWHVL�6HQDWR�.DUDUÕ 
 
 
 6D÷OÕN�Bilimleri Enstitüsü’nün 22/06/�����WDULK�YH�������VD\ÕOÕ�HQVWLW��NXUXO�
kDUDUÕ�YH������������ WDULK�YH�������VD\ÕOÕ� VHQDWR�NDUDUÕ�JHUH÷LQFH�³6D÷OÕN�%LOLPOHUL�
Enstitülerinde lisDQV�VW�� H÷LWLP� J|UHQ� GRNWRUD� |÷UHQFLOHULQLQ� WH]� VDYXQPD� VÕQDYÕQD�
JLUHELOPHOHUL�LoLQ�GRNWRUD�ELOLP�DODQÕQGD�6&,�WDUDIÕQGDQ�WDUDQDQ�GHUJLOHUGH�HQ�D]�ELU�
\XUWGÕúÕ� \D\ÕQ� \DSPDVÕ� JHUHNWL÷L´ LONHVL� JHUH÷LQFH� \DSÕODQ� \D\ÕQODUÕQ� OLVWHVL�
DúD÷ÕGDGÕU�(orjinalleri ektH�VXQXOPXúWXU�� 
 
 
 
1. Ogus C, Ket S, Bilgen T, Keser I, Cilli A, Gocmen AY, Tosun O, Gumuslu S. 

Insertion/deletion polymorphism and serum activity of the angiotensin-
converting enzyme in Turkish patients with obstructive sleep apnea syndrome. 
Biochem Genet 2010, 48(5-6):516-523. 

 
 
 
 
 



 v 

ÖZET 
 

*HQRPLN� YH� ELOJLVD\DU� WHNQRORMLOHULQGHNL� JHOLúPHOHULQ� DUGÕQGDQ� JHQHWLN�
DUDúWÕUPDODUGD�EL\RLQIRUPDWLN�GLVLSOLQLQLQ�URO��GDKD�GD�DUWPÕúWÕU��.DUPDúÕN�DUDúWÕUPD�
VRUXODUÕQÕQ�o|]�P� için yeni veri analiz tekniklerine duyulan ihtiyaç, biyoinformatik 
profesyRQHOOHULQLQ�NDUúÕODúWÕ÷Õ�HQ�önemli sorundur.  

 
+DVWD�YH�NRQWURO� JUXSODUÕ� DUDVÕQGDNL� DOOHO� IUHNDQVÕ� IDUNOÕOÕNODUÕQÕ� DUDúWÕUPDGD�

HQ�oRN�NXOODQÕODQ�DUDúWÕUPD�WDVDUÕPÕ�*HQRP�dD÷ÕQGD�øOJL�dDOÕúPDODUÕGÕU��*:$6���øON�
*:$6�DUDúWÕUPDVÕ� ����� VHQHVLQGH� JHUoHNOHúWLULOPLúWLU� YH� R� ]DPDQGDQ�EHUL� JLWWLNoH�
DUWDQ� VD\ÕGD�*:$6�DUDúWÕUPDVÕ� \D\ÕQODQPÕúWÕU��*:$6�� W�P�NÕVÕWOÕOÕNODUÕQD� UD÷PHQ�
vaka – NRQWURO�WHPHOOL�JHQHWLN�DUDúWÕUPDODU�LoLQ�HQ�|QHPOL�\|QWHPOHUGHQ�ELULVLGLU� 

 
*HQRPLN�YHULOHULQ�DQDOL]L�LoLQ�\DNÕQ�]DPDQGD�|QHULOHQ�HQ�yeni yöntemlerden 

ELULVL� GH� dRN� 'H÷LúNHQOL� 8]DNOÕN� 0DWULVL� 5HJUHV\RQX¶GXU� �0'05��� 0'05��
|]HOOLNOH� ED÷ÕPVÕ]� GH÷LúNHQ� VD\ÕVÕQÕQ� ROJX� VD\ÕVÕQD� NÕ\DVOD� oRN� ID]OD� ROGX÷X�
GXUXPODU� LoLQ� ROGXNoD� J�oO�� ELU� DQDOL]� \|QWHPLGLU�� %LUH\OHU� DUDVÕQGDNL� X]DNOÕNODU�
hesaplanaUDN� ELU� ED÷ÕPOÕ� GH÷LúNHQOHU� PDWULVL� ROXúWXUXOXU� YH� JHQHWLN� ELOJL� LoHUHQ�
GH÷LúNHQOHU� GH� PRGHOH� ED÷ÕPVÕ]� GH÷LúNHQ� RODUDN� HNOHQHELOLU�� %|\OHFH� ED÷ÕPVÕ]�
GH÷LúNHQGHNL�YDU\DV\RQ�PLNWDUÕ�DoÕNODQPD\D�oDOÕúÕOÕU��<DNÕQ�]DPDQD�NDGDU��\QWHPLQ�
JHQHWLN�DODQÕQGDNL�NXOODQÕPÕ�JHQ�HNVSUHV\RQX�YHULVL�LOH�VÕQÕUOÕ�NDOPÕúWÕU� 

 
%X�oDOÕúPDGD�*:$6�\DNODúÕPÕ�YH�0'05�\|QWHPL�ELUOLNWH�ELSRODU�ER]XNOXN�

YHUL�VHWLQH�X\JXODQPÕúWÕU�� øON�EDVDPDNWD�*:$6�\DSÕODUDN�ELSRODU�KDVWDVÕ�ELUH\OHUOH�
kontrol olguODUÕQÕ� ELUELULQGHQ� D\ÕUDQ� LVWDWLVWLNVHO� RODUDN� QDODPOÕ� 613OHU� EXOXQPD\D�
oDOÕúÕOPÕúWÕU�� øNLQFL�EDVDPDNWD� LVH�ELSRODU�ER]XNOXN�KDVWDODUÕQD�0'05�X\JXODQPÕú�
ve KDVWDOÕ÷ÕQ�VH\ULQH�HWNL�HWPHVL�RODVÕ� IHQRWLS�;�JHQRWLS�HWNLOHúLPOHUL� LQFHOHQPLúWLU��
En son basamakta LVH�EX�LNL�X\JXODPDQÕQ�VRQXoODUÕ�NÕ\DVODQPÕú�YH�NHVLúLP�613OHUL�
DUDúWÕUÕOPÕúWÕU�� 

 
%D]Õ� NÕVÕWOÕOÕNODUÕ� ROPDVÕQD� UD÷PHQ� 0'05� \|QWHPL�� JHQHWLN� IDNW|UOHULQ�

NRPSOHNV� KDVWDOÕNODUD� HWNLVLQL� LQFHOHPHN� LoLQ� J�oO�� ELU� DQDOL]� DUDFÕGÕU�� <|QWHPLQ�
HVQHNOL÷L� KHP� JHQ� HNspresyonu verisi ile hem de SNP verisi ile genomik 
DUDúWÕUPDODUÕQ� \�U�W�OPHVLQH� RODQDN� WDQÕPDNWDGÕU�� %LOLQGL÷L� NDGDUÕ\OD� EX� oDOÕúPD�
0'05� \|QWHPLQLQ� IHQRWLS� YHULVL� LOH� ROXúWXUXODQ� X]DNOÕN� PDWULVOHUL� LOH� LON�
X\JXODPDVÕGÕU��$\UÕFD�\|QWHP�ELSRODU�ER]XNOXN�YHULVL�LoLQ�LON�NH]�NXOODQÕOPDNWDGÕU���� 

 
GWAS ve MDMR analizleri sonucunda toplam 12 SNP ortak olarak 

EXOXQPXúWXU�� %X� 613OHU� KHP� KDVWDOÕ÷ÕQ� RUWD\D� oÕNPDVÕ� KHP� GH� VH\UL� DoÕVÕQGDQ�
|QHPOLGLUOHU��$\UÕFD�DQDOL]OHU�VRQXFXQGD�LVWDWLVWLNVHO�DQODPOÕOÕ÷Õ�J|VWHULOHQ�ED]Õ�613�
YH� JHQOHULQ� |QFHNL� DUDúWÕUPDODUGD� GD� ELSRODU� ER]XNOXN� LOH� LOLúNLOL� ROGX÷X�
J|VWHULOPLúWLU�� 

 
6RQXo� RODUDN�� 0'05� HWNLQ� ELU� DQDOL]� DUDFÕGÕU� YH� NÕVÕWOÕOÕNODUÕ� �]HULQGH�

oDOÕúÕODUDN�JHQRPLN�DUDúWÕUPDODUGD�YHULPOL�úHNLOGH�NXOODQÕODELOHFH÷L�G�ú�Q�OPHNWHGLU� 
 

Anahtar kelimeler: GWAS, SNP, bipolar bozukluk, fenotip, genotip, X]DNOÕN�
PDWULVL��oRN�GH÷LúNHQOL�X]DNOÕN�PDWULVL�UHJUHV\RQX 
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ABSTRACT 
 

Following the advances in genomics and computer technologies, the role of 
bioinformatics in genetic studies dramatically increased. The need for new data 
analysis techniques to handle complex problems is one of the most challenging tasks 
that bioinformatics professionals have to deal with. 

 
Most frequent study design to compare allele frequency distances between 

patients and controls is called GWAS (Genome Wide Association Study). Since the 
first GWAS in 2005, increasing numbers of similar research were published. GWAS 
has its own strengths and weaknesses and still is a major design for most case – 
control genetic research.     

 
One of the recent data analysis methods proposed for the analysis of genomic 

data is Multivariate Distance Matrix Regression (MDMR). MDMR is a statistically 
powerful tool, especially for the problems where the number of independent 
variables exceeds the total number of cases. A dependent variable matrix is 
calculated based on statistical distances between individuals and genetic information 
is added to the model as independent variables to explain the variation in the distance 
matrix. Until recently, its use in genetic research was limited with gene expression 
studies.  

 
This study utilizes traditional GWAS approach and MDMR method on a 

bipolar disorder data set. As the first step, we applied the GWAS technique to 
determine the statistically significant SNPs those may distinguish bipolar patients 
and control individuals. In the second step, we applied MDMR model to understand 
the phenotype X genotype interactions those may affect the disease course in bipolar 
disorder. As the last step, we compared the outcomes collected in previous steps and 
determined the overlapping SNPs.   

 
Despite several limitations, MDMR is a useful analysis tool, especially for 

investigating the effects of genetic factors on complex diseases. Flexibility of the 
method is an advantage as it can be used in both gene expression and SNP based 
genomic research. To our knowledge, this study is the first MDMR application on 
phenotype based distance matrices. Moreover, this is the first study to apply the 
method on bipolar disorder data.  

 
A total of 12 SNPs were common in both GWAS and MDMR runs. These 

SNPs are crucial in terms of both occurrence and course of bipolar disorder. Several 
SNPs and genes those found to be statistically significant in our analysis were 
previously reported to be associated with bipolar disorder.   

 
As a conclusion, MDMR is a useful tool and it should be tweaked in terms of 

its limitations so that it can be used more effectively in genomic research. 
  

Key Words:  GWAS, SNP, bipolar disorder, phenotype, genotype, distance matrix, 
multivariate distance matrix regression 
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%LOJL�WHNQRORMLOHULQGHNL�KÕ]OÕ�JHOLúLPLQ�HWNLVL, KHU�DODQGD�ROGX÷X�JLEL�EL\RORMLN�
ELOLPOHU� YH� WÕS� DODQODUÕQGD� GD� |QHPOL� GH÷LúLPOHU� YH� \HQLOLNOHU� JHWLUPLúWLU�� Bu 
WHNQRORMLOHULQ� VD÷ODGÕ÷Õ� RODQDNODUOD� ELUOLNWH� JLWWLNoH� DUWDQ� PLNWDUODUGD� YHUL� HOGH�
edilmektedir. Elde edilen bu vHULOHULQ� VDNODQPDVÕ�� LúOHQPHVL�� o|]�POHQPHVL��
VXQXOPDVÕ�YH�LOHWLOPHVL, yine ELOLúLP WHNQRORMLOHULQLQ�\DUGÕPÕ�LOH�GDKD�KÕ]OÕ�Ye kolay 
ELU�úHNLOGH�\DSÕODELOPH\H�EDúODQPÕúWÕU.  

%LOLúLP�DODQÕQGDNL�JHOLúPHOHUH�SDUDOHO�RODUDN�istatistiksel yöntemler de zaman 
LoHULVLQGH�oD÷ÕQ�JHUHNVLQLPOHULQH�X\JXQ�ELoLPGH�JHOLúPHNWHGLU��Bilinen yöntemlerin 
X\JXODQDELOLUOL÷L \�NVHN� NDSDVLWHOL� ELOJLVD\DUODU� YH� LúOHYVHO� \D]ÕOÕPODU� VD\HVLQGH 
NROD\ODúÕUNHQ� \HQL� o|]�POHPH� \|QWHPOHUL� GH� JHOLúWLULOPHNWH�� EX� yeni yöntemler 
ÕúÕ÷ÕQGD�JHUoHNOHúWLULOHQ�\HQL�ELOLPVHO�oDOÕúPDODU�VRQXFXQGD�GD�VD÷OÕN�DODQÕQGDNL�ELOJL�
ELULNLPL� KÕ]OD� DUWPDNWDGÕU�� %X� o|]�POHPHOHU� VRQXFXQGD� WÕSWD� NDQÕWD� GD\DOÕ�
X\JXODPDODUÕQ� RUDQODUÕ� KÕ]OD� \�NVHOPHNWHGLU�� 7ÕS� DODQÕQGD� \DSÕODQ� ELOLPVHO�
oDOÕúPDODUÕQ� YH� \D\ÕQODQDQ� PDNDOHOHULQ� VD\ÕVÕ� VRQ� VHQHOHUGH� ROGXNoD� E�\�N� DUWÕú�
J|VWHUPLúWLU.   

%LOJL� WHNQRORMLOHULQLQ� WÕS� DODQÕQGDNL� önemli etkilerinden birisi de genetik 
oDOÕúPDODU� �]HULQGH� ROPXúWXU�� .LúLOHUe ait genetik verilerin toplanabilmesi ve bu 
verileU� LOH� ELUoRN� KDVWDOÕN� DUDVÕQGDNL� RODVÕ� LOLúNLOHULQ� DUDúWÕUÕOPD\D� EDúODQPDVÕ� LOH�
ELUOLNWH�KHP�PHYFXW�YHUL� WDEDQODUÕQÕQ�ER\XWODUÕQGD�E�\�N�DUWÕúODU�JHUoHNOHúPLú�KHP�
GH� EX� E�\�N� YHUL� WDEDQODUÕQGDNL� YHULOHULQ� o|]�POHQPHVLne yönelik yöntemler 
JHOLúWLULOPHVL gerHNVLQLPL� DUWPÕúWÕU�� .LúLVHO� JHQHWLN� ELOJLOHUL�� GHPRJUDILN� ELOJLOHUL��
KDVWDOÕN�� WDQÕ� YH� WHGDYL� ELOJLOHULQL ve bireye ait fenotipik özellikleri içeren veri 
WDEDQODUÕQÕQ�o|]üPOHQHELOPHVL�LoLQ�\HQL�LVWDWLVWLNVHO�\DNODúÕPODU�RUWD\D�oÕNPDNWDGÕU�� 

DNA mikro dizi analizleri ve proteomik platformlar gibi ileri teknoloji 
NXOODQÕODUDN�JHUoHNOHúWLULOHQ�\|QWHPOHU�LOH�DUDúWÕUPDFÕODU�ROGXNoD�NDUPDúÕN�YH�E�\�N�
YHUL� WRSOXOXNODUÕ� �]HULQGH� JHQHWLN� IDNW|UOHULQ� HWNLOHULQL� LQFHOHPHN� GXUXPXQGD�
NDOPDNWDGÕUODU� Bu gereksinim, birdeQ� oRN� GLVLSOLQLQ� LúELUOL÷LQL� DUWÕUPÕú� YH�
EL\RLQIRUPDWLN� DODQÕQÕQ� DUWDQ� ELU� LYPH� LOH� |QHP� ND]DQPDVÕQD� QHGHQ� ROPXúWXU� On 
ELQOHUFH� JHQ� YH� SURWHLQLQ� HNVSUHV\RQXQD� LOLúNLQ� YHULOHULQ� Hú� ]DPDQOÕ� RODUDN�
o|]�POHQPHVL�YH�EX�YHULOHUGHQ�DQODPOÕ�ELOJLOHULQ�HOGH�HGLOPHVL�EX�\HQL� WHNQRORMLOHU�
YH� WHNQLNOHU� \ROX\OD� JHUoHNOHúPHNWHGLU� [1, 2]. Bununla birlikte bu teknolojiler 
sayesinde üretilen büyük miktarlardaki verinin istatistiksel ve biyolojik olarak 
|QHPOLOL÷LQL� WHVSLW� HWPHN� GH� ROGXNoD� ]RUGXU [3]�� %X� VHEHSOH�� oRN� VD\ÕGD� DNÕOOÕ� YH�
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NXOODQÕúOÕ� YHUL� o|]�POHPH� VWUDWHMLOHUL� JHOLúWLULOHUHN� oRN� ER\XWOX� JHQRPLN� YHULOHULQ�
analizine yönelik ilerlemeler kaydedilmektedir [4]. 

Ö]HOOLNOH� JHQHWLN� YHULOHULQ� DQDOL]LQH� \|QHOLN� JHOLúWLULOPLú� RODQ� o|]�POHPH�
\|QWHPOHUL�� ELUoRN� KDVWDOÕ÷ÕQ� LQFHOHQPHVLQGH� NXOODQÕOPDNWDGÕU��%X� \|QWHPOHU� WHPHO�
RODUDN� ELUH\OHULQ� JHQHWLN� YHULOHULQL� GH� LoHUHQ� JHQLú� YHUL� WDEDQODUÕQGD� X\JXODQDQ�
istatistiksel yaklaúÕPODUGÕU�� 9HUL�PDGHQFLOL÷L� X\JXODPDODUÕQÕQ� GD� NDWNÕVÕ� VRQXFXQGD�
EX� WLS� E�\�N� KDVWDOÕN� YHUL� WDEDQODUÕQGDQ� \HQL� ELOJLOHU� �UHWLOPHNWH� YH� ELOLPVHO�
oDOÕúPDODU� VRQXFXQGD� KDVWDOÕNODUÕQ� WDQÕ� YH� WHGDYL� V�UHoOHULQGH� |QHPOL� LOHUOHPHOHU�
kaydedilmektedir. Bu yolla çok VD\ÕGD KDVWDOÕ÷ÕQ�JHQOHU�YDVÕWDVÕ\OD�QHVLOGHQ�QHVle ne 
úHNLOGH� WDúÕQGÕ÷Õ DQODúÕOPÕúWÕU� *HOHFHN� QHVLOOHULQ� HEHYH\QOHULQLQ� WDúÕGÕNODUÕ�
KDVWDOÕNODUÕQ� HWNLVLQGH� NDODFD÷Õ� G�ú�Q�OHUHN� oHúLWOL� |QOHPOHULQ� DOÕQPDVÕ� \ROXQD�
JLGLOPHNWHGLU��*HQHWLN�DODQÕQGDNL�JHOLúPHOHU�KDVWDOÕNODUÕQ�HWL\RORMLVLQLQ�DQODúÕOPDVÕ��
WDQÕ�YH�WHGDYL�V�UHoOHULQLQ�úHNLOOHQGLULOPHVL�EDNÕPÕQGDQ�\HQL�LPNkQODU�\DUDWPDNWDGÕU. 

<XNDUÕGD� EDKVHGLOHQ� NOLQLN� SUREOHPOHUGHQ� ELULsi de ELSRODU� GDYUDQÕú�
ER]XNOX÷X (bipolar disorder) olarak bilinen psikiyatrik KDVWDOÕNWÕU� Bipolar bozukluk, 
NLúLQLQ� \DúDP� NDOLWHVLQL� HWNLOH\HQ� YH� VÕNOÕNOD� GD� KD\DWL� WHKOLNH� DU]� HGHELOHQ� ELU�
KDVWDOÕNWÕU�� 7RSODP� G�Q\D� Q�IXVXQXQ� \DNODúÕN� %1'ini etkilemektedir. +DVWDODUÕQ�
\DúDP�V�UHOHUL�ER\XQFD�����RUDQÕQGD�LQWLKDU�HWPH VÕNOÕ÷Õ�J|U�OPHktedir [5].  

+HU� QH� NDGDU� ELSRODU� ER]XNOX÷XQ� QHGHQOHUL� WDP� RODUDN� EHOLUOHQHPHPLú� ROVD�
GD�� JHQHWLN� IDNW|UOHULQ� |QHPOL� ELU� URO�� ROGX÷X� G�ú�Q�OPHNWHGLU. Bipolar bozukluk 
WDQÕVÕ�DOPÕú�NLúLOHULQ����-��
ÕQGD�DLOHGH�ELSRODU�YH\D�PDM|U�GHSUHV\RQ�|\N�V��YDUGÕU 
[5]. Bununla birlikte, aile |\N�V��RODQODUÕQ�KDVWDOÕ÷D�LOLúNLQ�JHQHWLN�H÷LOLPH�PXWODND�
VDKLS� RODFD÷Õ� V|\OHQHPH\HFH÷L� JLEL�� JHQHWLN� \DWNÕQOÕ÷Õ� WDúÕVDODU� ELOH� KDVWDOÕN�
VHPSWRPODUÕQÕ�NHVLQ�RODUDN�JHOLútirecekleri de iddia edilemez. Mevcut yöntemler ile 
KDVWDOÕ÷ÕQ� WDQÕVÕ� standartlara da\DOÕ� úHNLOGH� NRQXODELOPHNWH� ve GR÷UX� WHGDYL� LOH�
KDVWDODUÕQ�J�QO�N�\DúDPODUÕQGDNL VWDELOL]DV\RQX�VD÷ODQDELOPHNWHGLU.  

*HQRWLSOHPH� WHNQRORMLOHULQGHNL� PHYFXW� JHOLúPHOHU� YH� NDPX� HULúLPLQH� DoÕN�
YHUL� WDEDQODUÕQÕQ� ROXúWXUXOPDVÕ� LOH� KDVWDOÕNODUÕQ� JHQHWLN� QHGHQOHULQL� DUDúWÕUDQ� JHQLú�
ölçekli “Genom ÇDSÕQGD� øOLúNL� ÇDOÕúPDODUÕ” �*:$6�� \D\JÕQODúPD\D� EDúODPÕúWÕU��
6RQ����\ÕOGD�ELSRODU�ER]XNOXN�LOH�LOJLOL�*:$6�DUDúWÕUPDODUÕQÕQ�VD\ÕVÕ�|QHPOL�|Oo�GH�
DUWPÕúWÕU�� dDOÕúPDODU� VRQXFXQGD� 200'ün üzerinde gen veya SNP’in (Tek Nükleotid 
Polimorfizm - 6LQJOH� 1XFOHRWLG� 3RO\PRUSKLVP�� KDVWDOÕN� ULVNLQL� DUWÕUGÕ÷Õ 
J|VWHULOPLúWLU�� %X� JHQOHUGHQ� ED]ÕODUÕ� �'$2A, Alg9, DGKH, ANK3, CACNA1C, 
'2.���5*6��YE���HQ�D]�LNL�oDOÕúPDGDQ�UHSOLNH�HGLOHELOPLúWLU��$\UÕFD��W�P�RWR]RPDO�
NURPR]RPODUÕQ� ELSRODU� ER]XNOXN� LOH� LOLúNLOL� ROGX÷X� YH� ;� NURPR]RPXQXQ� GD� ED]Õ�
LOLúNLOL�JHQOHUL��0$2$��1/*1��ve +75�&��WDúÕPDNWD�ROGX÷X�J|VWHULOPLúWLU [5-12]. 
Özetle, bX�oDOÕúPDODU�ELSRODU�ER]XNOXN�JHQHWL÷LQH�LOLúNLQ�GDKD�oRN�ELOJL\H�HULúPHPL]L�
VD÷ODPÕú� GD� ROVD� KDVWDOÕNWDQ� WHN� EDúÕQD� VRUXPOX� RODQ� WHN� ELU� JHQ / SNP tespit 
HGLOHPHPLúWLU� 
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%LUH\OHULQ�JHQHWLN�\DSÕODUÕ�oRN�oHúLWOLOLN�J|VWHUPHNWHGLU��%X�EDNÕPGDQ�VDGHFH�
KDVWDODUÕ� VD÷OÕNOÕ� ELUH\OHUGHQ� D\ÕUDELOPHN� GH÷LO�� KDVWD� ELUH\OHU� DUDVÕQGDNL� RUWDN�
IHQRWLSLN� |]HOOLNOHULQ� EHOLUOHQHELOPHVL� GH� EL\RLQIRUPDWL÷LQ� ELU� GL÷HU� DPDFÕGÕU��$\QÕ�
KDVWDOÕ÷D� VDKLS� ELUH\OHULQ� ELUELUOHULQGHQ� IDUNOÕ� VH\UHGHQ� |]HOOLNOHULQLQ� WHVSLW�
edilebilmesi ve bu özelliklere neden olabilecek genetik faktörlerin bulunabilmesi 
NLúLVHOOHúWLULOPLú� WHGDYL� \|QWHPOHUL� EDNÕPÕQGDQ� ROGXNoD� |QHPOLGLU�� Bireyler 
DUDVÕQGDNL� JHQHWLN� oHúLWOLOL÷H� NDWNÕGD� EXOXQDQ� YH\D� EX� oHúLWOLOLN� LOH� LOLúNLOL� RODQ�
IDNW|UOHULQ� EHOLUOHQPHVLQGH� NXOODQÕODQ� LVWDWLVWLNVHO� \|QWHPOHU� J�Q� JHoWLNoH�
oR÷DOPDNWDGÕU. BX�\|QWHPOHULQ�JHOLúPHVL�\HQL�PROHN�OHU�DQDOL]OHU�YH�WHNQRORMLOHU�Lle 
ELUOLNWH�GDKD�GD�KÕ]ODQPÕúWÕU�[13].  

Bu yöntemlerden biridi de dRN�'H÷LúNHQOL�8]DNOÕN�0DWULVL�5HJUHV\RQX’dur 
(Multivariate Distance Matrix Regression - MDMR). Bu yöntem, esas olarak 
ELUH\OHUGHQ� WRSODQPÕú olan gen ekspresyonu veya SNP YHULOHULQLQ� oDOÕúPDGDNL� KHU�
birey çifti için benzerlik / D\UÕOÕN�|]HOOLNOHULQL�\DQVÕWPDN��]HUH�EHQ]HUOLN�YH\D�X]DNOÕN�
PDWULVOHULQLQ� \DSÕODQGÕUÕOPDVÕ� \DNODúÕPÕQD� GD\DQÕU [14]�� %X� \DNODúÕP� JHQ�
ekspresyonu ve SNP DQDOL]L�oDOÕúPDVÕQGD�NXOODQÕOPD\D�EDúODQDQ�ELU�\DNODúÕPGÕU�[15-
18]�� <|QWHP�� ELU� X]DNOÕN�PDWULVL� LOH� JHQ� HNVSUHV\RQX veya SNP YHULOHUL� WRSODQPÕú�
RODQ� ELUH\OHUGHQ� DOÕQDQ� WDKPLQ� HGLFLOHU� DUDVÕQGDNL� YDU\DV\RQODUÕQ� LOLúNLOHULQL� WHVW�
HGHU��%HQ]HUOLN�YH\D�X]DNOÕN�PDWULVOHUL�LoHULVLQGHNL�|U�QW�OHUH�LOLúNLQ�KLSRWH]OHUL�WHVW�
HGHUHN�oRN�E�\�N�YHUL�JUXSODUÕQGDNL�WDQÕPODPDVÕ�]RU�LOLúNLOHULQ�RUWD\D�oÕNDUÕOPDVÕQGD�
NXOODQÕOÕU�� 2OGXNoD� HVQHN� ELU� \|QWHP� ROXS� PHYFXW� WHN� GH÷LúNHQOL� \DNODúÕPODUÕQ�
|WHVLQGH�o|]�POHPH�RODQDNODUÕ�VXQDU�[14]. 

%X� |]HOOLN� J|]� |Q�QH� DOÕQDFDN� ROXUVD��0'05� LOH EHQ]HU� GDYUDQÕú� J|VWHUHQ�
gen veya SNP N�PHOHULQLQ� WDQÕPODQPDVÕ� ve böylece bireylerin benzerlik veya 
IDUNOÕOÕNODUÕQÕQ� LQFHOHQPHVL� P�PN�Q� RODFDNWÕU� [14]. Bu yöntemin bilinen klasik 
kümeleme yöntemlerinden HQ� E�\�N� IDUNÕ�� NODVLN� \|QWHPOHULQ� VÕNOÕNOD tek boyutlu 
ROPDVÕ�� EXQD� NDUúÕQ� MDMR’da KHP� JHQOHULQ� KHP� GH� IHQRWLSOHULQ� Hú� ]DPDQOÕ�
GH÷HUOHQGLULOPHVLQLQ�\DSÕODELOPHVLGLU��<DQL��ELU� WHN�JHQ / SNP birden çok biyolojik 
|]HOOL÷L� HWNLOH\HELOLU� YH� ELU� EL\RORMLN� |]HOOLN� GH� D\QÕ� DQGD� ELUGHQ� oRN� JHQ / SNP 
tarafÕQGDQ�HWNLOHQHELOLU�� 

$UDúWÕUPDPÕ]GD� DPDo�� EDKVHGLOHQ� oLIW� \|QO�� LOLúNLlerin RUWD\D� NRQPDVÕ için 
0'05� \|QWHPLQLQ� NXOODQÕODUDN� ELSRODU� ER]XNOXN� KDVWDODUÕQÕQ� IHQRWLSLN� |]HOOLNOHU�
EDNÕPÕQGDQ� GH÷HUOHQGLULOPHVL� YH� JHQHWLN� IDUNOÕOÕNODUÕQÕQ� QHGHQ� ROGX÷X� HWNLOHULQ 
incelenmesidir. $\UÕFD� VWDQGDUW�*:$6� \DNODúÕPÕ� LOH� ELSRODU� ER]XNOXN� KDVWDODUÕQÕQ�
QRUPDO� NRQWURO� ROJXODUÕQGDQ� 613� YH� JHQ� VHYL\HVLQGH� J|VWHUGLNOHUL� IDUNOÕOÕNODU�
LQFHOHQHFHNWLU��%|\OHFH�0'05�YH�*:$6�EXOJXODUÕ�ELUOHúWLULOHUHN�KDVWDOÕ÷ÕQ�RUWD\D�
oÕNÕúÕ�YH�VH\UL LoLQ�|QHPOL�EXOXQDQ�RUWDN�613OHU¶LQ�YDUOÕ÷Õ�DUDúWÕUÕODFDNWÕU� 
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2.1.  *HQHWLN�YH�%L\RLQIRUPDWLN�7DULKoHVLQGHNL�7HPHO�$GÕPODU 
*UHJRU�0HQGHO������VHQHVLQGH�NDOÕWÕPOD�LOJLOL� WHRULOHULQL�EDKoH�EH]HO\HVL� LOH�

JHUoHNOHúWLUGL÷L�GHQHPHOHUH�GD\DQDUDN� \D\ÕQODGÕ��+HU�QH�NDGDU�EX� \D\ÕQ� ����OHU¶LQ�
EDúÕQD� NDGDU� \HWHULQFH� GLNNDWH� DOÕQPDPÕú� GD� ROVD�� 0HQGHO¶LQ� oDOÕúPDVÕ� DVOÕQGD�
PRGHUQ�JHQHWLN�ELOLPLQLQ�WHPHOOHULQL�ROXúWXUPDNWDGÕU��0HQGHO��EH\D]�oLoHNOL�YH�PRU�
oLoHNOL� ELWNLOHUL� oDSUD]ODGÕ÷ÕQGD� NDUÕúÕP� UHQNWH� oLoHNOHUH� VDKLS� ELWNLOHU� \HULQH� \LQH�
mor oLoHNOL�ELWNLOHU�HOGH�HWWL÷LQL�J|]OHPOHGL��%LUELULQL� takip eden birkaç çaprazlama 
VRQXFXQGD� EDVNÕQ� YH� oHNLQLN� NDUDNWHUOL� NDOÕWÕPD� GD\DQDQ� ILNLUOHULQL� úHNLOOHQGLUPLú�
ROGX�� %DVNÕQ� NDUDNWHUOHU� �EX� |UQHNWH�PRU� oLoHNOL� ROPDN�� oHNLQLN� NDUDNWHULQ� �EH\D]�
UHQNWH�oLoHN��JL]OL�NDOPDVÕQÕ�VD÷ODPDNWD\GÕ [19].  

'DKD� VRQUD�� ����OHU¶LQ� EDúODUÕQGD� 6LU� $UFKLEDOG� *DUURG� ³PHWDEROL]PDQÕQ�
GR÷XúWDQ�JHOHQ�KDWDODUÕ´� �|UQH÷LQ DOELQL]P��úHNOLQGH�DGODQGÕUGÕ÷Õ�oHúLWOL�KDVWDOÕNODUÕ�
WDQÕPODUNHQ� 0HQGHO¶LQ� GHQHPHOHULQGHNLQH� EHQ]HU� ELU� NDOÕWÕP� |U�QW�V�� LOHUL� V�UG���
%|\OHFH� KDVWDOÕNODUÕQ� NDOÕWÕPÕ� DoÕVÕQGDQ� |QHPOL� ELU� WHPHO� LQúD� HWPLú� ROGX� [20]. 
Garrod, RWR]RPDO� oHNLQLN� NDOÕWÕPÕQ� GR÷DVÕQÕ� EX� NRúXOODUD� GD\DQDUDN� DoÕNODGÕ�
�KDVWDOÕ÷ÕQ�RUWD\D�oÕNPDVÕ�LoLQ�QRUPDO�ROPD\DQ�JHQHWLN�YDU\DQW�\D�GD�³DOOHO´�oLIWLQLQ�
JHUHNOL� ROGX÷X��� 0HQGHO� SUHQVLSOHULQH� GD\DQDUDN�� KDVWDOÕN� DOOHOL� EDNÕPÕQGDQ�
KHWHUR]LJRW�RODQ� LNL�ELUH\LQ�oLIWOHúPHVL� LOH�GR÷DFDN�oRFX÷XQ�G|UWWH�bir ihtimalle her 
iki çekinik KDVWDOÕN�DOOHOLQL�WDúÕ\DFD÷ÕQÕ�YH�KDVWD�RODFD÷ÕQÕ�LOHUL�V�UG� [19]. 

Wilhelm JohannseQ� ����� VHQHVLQGH� ³JHQ´� WHULPLQL� LON� NH]� NXOODQGÕ� YH�
����¶GH�GH�7KRPDV�0RUJDQ�+XQW�NURPR]RPODU��]HULQGH�\HU�DODQ�JHQOHULQ�NDOÕWÕPÕQ�
\DSÕ� WDúODUÕ� ROGX÷XQX� LOHUL� V�UG� [21]. Takip eden senelerde otozomal çekinik 
NDUDNWHUGH�NDOÕWÕPÕ�JHUoHNOHúHQ�oHúLWOL�KDVWDOÕNODUÕQ�YDUOÕ÷ÕQD�LOLúNLQ�|UQHNOHU�VXQXOGX��
%XQODUÕQ�DUDVÕQGD� IHQLONHWRQ�UL�YH�NLVWLN� ILEUR]LV�GH�YDUGÕ��$\QÕ�]DPDQGD�RWR]RPDO�
EDVNÕQ�KDVWDOÕNODU�GD��KDVWDOÕ÷ÕQ�RUWD\D�oÕNPDVÕ�LoLQ�VDGHFH�ELU�WDQH�QRUPDO�ROPD\DQ�
DOOHOLQ� YDUOÕ÷ÕQÕQ� \HWHUOL� ROGX÷X�� WDQÕPODQPDNWD\GÕ�� 2� G|QHPGH� RUWD\D� oÕNDUÕODQ�
RWR]RPDO� EDVNÕQ NDUDNWHUOL� EX� KDVWDOÕNODUÕQ� EHOOL� EDúOÕODUÕ� +XQWLQJWRQ� KDVWDOÕ÷Õ� YH�
0DUIDQ� VHQGURPX\GX�� %X� úHNLOGH� ELU� NDOÕWÕP� |U�QW�V�� J|VWHUHQ� KDVWDOÕNODU�
³0HQGHOL\HQ� KDVWDOÕNODU´� RODUDN� DGODQGÕUÕOGÕODU� YH� EX� KDVWDOÕNODUÕQ� DQDOL]L� YH�
DQODúÕOPDVÕ�J|UHFH�GDKD�NROD\GÕ�� 

BXQXQOD�ELUOLNWH��EHQ]HU�KDVWDOÕNODUÕQ�NDOÕWÕP�PRGHOOHULQH�GD\DQÕODUDN�ROXúDQ�
JHQHO� NDQÕ� GD� JHOHFHNWH� \DSÕODFDN� DUDúWÕUPDODUÕQ� HVDV� oÕNÕú� QRNWDVÕQÕ� ROXúWXUGX��
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JHQOHU� EHOLUOH\LFLGLU� YH� H÷HU� ELU� ELUH\� ELU� KDVWDOÕ÷D� LOLúNLQ� DOOHOH� VDKLSVH�� R� NLúL�
istenmeyen bu |]HOOL÷L� YH\D� KDVWDOÕ÷Õ� VRQUDNL� QHVLOOHUH� WDúÕPÕú� ROXU�� =DPDQ�
LOHUOHGLNoH� EX� \DUJÕQÕQ� WDP� RODUDN� GR÷UX� ROPDGÕ÷Õ� J|U�OG��� d�QN�� \DNÕQ� ]DPDQGD�
\�U�W�OHQ� JHQRPLN� WHPHOOL� DUDúWÕUPDODUGD� J|U�OPHNWHGLU� NL� VSHVLILN� ELU� JHQHWLN�
YDU\DV\RQD� VDKLS� ROPDN�� KDVWDOÕ÷ÕQ� RUWD\D� oÕNPDVÕQÕ� YH\D� WDúÕQPDVÕQÕ� NHVLQ� RODUDN�
VD÷ODPD\DELOLU�� d�QN�� oHYUHVHO� YH / YH\D� GL÷HU� JHQHWLN� IDNW|UOHU� GH� KDVWDOÕNODUÕQ�
RUWD\D�oÕNPDVÕQGD�|QHPOL�ELUHU�EHOLUOH\LFLGLUOHU�[19, 22]. 

+DQV� :LQNOHU� ����� VHQHVLQGH� JHQ� YH� NURPR]RP� NHOLPHOHULQL� ELUOHúWLUHUHN�
³JHQRP´�NDYUDPÕQÕ�RUWD\D� DWWÕ��*HQRP��ELU�RUJDQL]PDGDNL� W�P�JHQOHri temsil eden 
ELU� NDYUDPGÕ� [23]�� '1$¶QÕQ� NURPR]RP� YH� JHQOHULQ� HQ� WHPHO� ELOHúHQL� ROGX÷X�
EXOJXVXQX�RUWD\D�oÕNDUDQ�-DPHV�:DWVRQ�YH�)UDQFLV�&ULFN�LVPLQGHNL�LNL�ELOLP�DGDPÕ��
5RVDOLQG� )UDQNOLQ¶LQ� GH� NDWNÕODUÕ\OD� ����� \ÕOÕQGD� '1$¶QÕQ� oLIW� VDUPDOOÕ� \DSÕVÕQÕ�
NHúIHWWLOHU��0DUVKDOO�1LUHQEHUJ�LVH������VHQHVLQGH�³JHQHWLN�NRGX�NÕUDUDN´�'1$¶QÕQ�
SURWHLQ�\DSÕPÕQGDNL�UROOHULQL�WDQÕPODGÕ�[19, 24]. 

7�P�EX�|QHPOL�EXOJXODUÕQ�ÕúÕ÷ÕQGD��JHQRPLN�SURILOOHULQ�WÕS�YH�GL÷HU�DODnlarda 
QH� úHNLOGH� NXOODQÕODELOHFH÷LQH� RGDNODQDQ� \HQL� oDOÕúPDODU� \DSÕOPD\D� EDúODQGÕ��
gUQH÷LQ������\ÕOÕQGD�ELU�EL\RWHNQRORML�ILUPDVÕ�RODQ�*HQHQWHFK��JHQHWLN�P�KHQGLVOL÷L�
\|QWHPOHUL� LOH� GL\DEHW� WHGDYLVLQGH� NXOODQÕOPDN� �]HUH, bakteriden insan insülini 
üretmeyi EDúDUGÕ� �UHNRPELQDQW� WHNQRORML� NXOODQÕODUDN� �UHWLOHQ� LON� LODo�� [19, 25]. 
$\UÕFD� ����� VHQHVLQGH� ELOLP� DGDPODUÕ�+XQWLQJWRQ� KDVWDOÕ÷ÕQGDQ� VRUXPOX� RODQ� JHQL�
EXOGXODU��%|\OHFH�KDVWDOÕNODU�LoLQ�JHQHWLN�WHVW�UXWLQ�RODUDN�NXOODQÕOPD\D�EDúODQGÕ��6LU�
Alec John Jeffreys 1984 senesinde DNA profilleme ya da “parmak izi” yöntemini 
JHOLúWLUHUHN�JHQHWLN�ELOJLQLQ�EDEDOÕN�WHVWOHULQGH�YH�DGOL�YDNDODUGD�NXOODQÕPÕQD�RODQDN�
WDQÕGÕ�� %X� \|QWHPLQ� DGOL� RODUDN� NXOODQÕOGÕ÷Õ� YH� '1$� NDQÕWODUÕQÕQ� LQFHOHQPHVL�
VRQXFXQGD� ]DQOÕQÕQ� EHUDDW� HWWL÷L� LON� GDYD� ����� \ÕOÕQGD� 5LFKDUG� %XFNODQG¶ÕQ�
VXoVX]OX÷XQXQ�NDQÕWODQGÕ÷Õ�GDYD�RODUDN�WDULKH�JHoWL��'DKD�VRQUD�G�Q\DQÕQ�HQ�E�\�N�
JHQ� oLSL� �UHWLFL� ILUPDODUÕQGDQ�ELUL� RODFDN�$II\PHWUL[¶L� NXUDFDN�RODQ�6WHSKHQ�)RGRU�
����� VHQHVLQGH� LON� '1$� ³PLNUR� GL]LVLQL´� YH� WDUD\ÕFÕVÕQÕ� �UHWWL�� %X� EXOXú� LOHULNL�
\ÕOODUGD�\�]�ELQOHUFH�JHQHWLN�YDU\DQWÕQ�Hú�]DPDQOÕ�RODUDN�WHVW�HGLOHELOPHVLQH�RODQDN�
WDQÕGÕ�YH�GWAS G|QHPLQLQ�GH�ILWLOLQL�DWHúOHPLú�ROGX�[19, 26]. 

<DNÕQ�]DPDQGD�LVH�LNL�WHPHO�DUDúWÕUPDQÕQ�|QF�O�÷�QGH�³SRVW�JHQRPLN´�oD÷D�
JLULú�\DSÕOPÕú�ROGX��+XPDQ�*HQRPH�3URMHFW��+*3��YH�,QWHUQDWLRQDO�+DS0DS�3URMHFW��
+*3¶QLQ�DPDFÕ�'1$¶\Õ�ROXúWXUDQ�W�P�NLP\DVDO�ED]�oLIWOHULQL�WDQÕPOD\DUDN�UHIHUDQV�
ELU� LQVDQ� JHQRPXQX� RUWD\D� oÕNDUDELOPHNWL�� $\UÕFD� \DNODúÕN� ������� DGHW� JHQLQ�
ORNDV\DQODUÕQÕ� EHOLUOH\HUHN� LQVDQ� JHQRPXQX� NHúIHWPHN� KHGHIOHQPLúWL�� ����� \ÕOÕQGD�
|QF�O�ELU� oDOÕúPD� \D\ÕQODQGÕ� [27, 28] ve en son YHUVL\RQ�GD������ \ÕOÕQGD� VXQXOGX��
,QWHUQDWLRQDO� +DS0DS� 3URMHFW¶LQ� DPDFÕ� LVH� ELUH\OHU� YH� SRS�ODV\RQODU� JHQHOLQGH�
JHQRP� oDSÕQGD� ELU� YHUL� WDEDQÕ� \D\ÕQOD\DUDN� RUWDN� LQVDQ� VHNDQV� |U�QW�OHULQL�
kataloglayabilmekti [29, 30]. HapMap projesinin esas hedeflerinden birisi de “ortak 
KDVWDOÕN� – ortak genetik varyasyon” hipotezine [31-34] X\JXQ� úHNLOGH� KDVWDOÕNODUD�
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QHGHQ� RODQ� JHQHWLN� YDU\DQWODUÕQ� WDQÕPODQDELOPHVLQL� NROD\ODúWÕUPDNWÕ�� %X� KLSRWH]�
GDKD�VRQUDNL�DUDúWÕUPDODUÕQ�VRQXoODUÕ�LOH�ELUOLkte revize edilmek durumunda kalPÕúWÕU�
[33, 35-37]�� %X� KLSRWH]H� J|UH� NRPSOHNV� KDVWDOÕNODUÕQ� JHQHWLN� QHGHQOHUL�� WRSOXPXQ�
\DNODúÕN���¶LQGH�J|U�OPHNWH�RODQ�RUWDN�DOOHOLN�YDU\DQWODUOD� LOLúNLOHQGLULOPHOLGLU��%X�
YDU\DQWODU� ³ULVN� IDNW|UOHUL´� \D� GD� ³KDVWDOÕ÷D� NDUúÕ� KDVVDVOÕN� YDU\DQWODUÕ´� RODUDN�
DGODQGÕUÕOÕU��%X�DQODPGD�0HQGHO�SUHQVLSOHULQLQ�GHWHUPLQLVWLN�\DNODúÕPÕQGDQ�IDUNOÕGÕU��
=DPDQ� LoHULVLQGH� J|U�OHQ� WHNQRORMLN� JHOLúLPOHU� YH� PDOL\HW� D]DOPDODUÕ� VRQXFXQGD��
'1$� PLNUR� GL]L� WHNQLNOHUL� \�]� ELQOHUFH� JHQHWLN� YDU\DQWÕQ� D\QÕ� DQGD� WHVW�
HGLOHELOPHVLQH� RODQDN� WDQÕPÕúWÕU� YH� EX� LNL� |QHPOL� SURMHQLQ� DoWÕ÷Õ� \RO� VD\HVLQGH� LON�
*:$6�oDOÕúPDVÕ�\DSÕODELOPLúWLU�[38]��%X� LON�*:$6�oDOÕúPDVÕQÕQ�DUGÕQGDQ gittikçe 
DUWDQ�VD\ÕGD�*:$6�DUDúWÕUPDVÕ�\DSÕOPÕúWÕU��+HU�QH�NDGDU�*:$6�DUDúWÕUPDODUÕQD�|]HO�
|QHPOL� NÕVÕWOÕOÕNODU� ROGX÷X� ELOLQVH� GH�� W�P� EX� DUDúWÕUPDODU� JHQRPLN� YH�
NLúLVHOOHúWLULOPLú�WÕS�DODQÕQÕQ�DOW\DSÕVÕQÕ�KD]ÕUODPDNWDGÕUODU�[19]. 

2.2. GHQRP�dDSÕQGD�øOLúNL�$UDúWÕUPDODUÕ� 
 
2.2.1. GWAS Nedir? 

øQVDQ�JHQRP�VHNDQVÕ�\DNODúÕN RODUDN���PLO\DU�Q�NOHRWLG�ED]ÕQGDQ��oLIW�VDUPDO�
\DSÕ�G�ú�Q�OHFHN�ROXUVD���PLO\DU�ED]��PH\GDQD�JHOPHNWHGLU��+HU�QH�NDGDU�EX�GL]LQLQ�
���¶XQGDQ� ID]ODVÕ� ELUH\GHQ� ELUH\H� IDUNOÕOÕN� J|VWHUPHVH� GH�� IDUNOÕOÕNODUÕQ� RUWD\D�
oÕNWÕ÷Õ� J|UHFH� D]� VD\ÕGDNL� E|OJH� |QHPOLGLU� d�QN�� EX� IDUNOÕOÕNODU� oHYUHVHO� ��
GDYUDQÕúVDO� IDNW|UOHUOH� ELUOLNWH� IHQRWLSLN� GH÷LúNHQOL÷H� QHGHQ� ROPDNWDGÕUODU�� '1$�
GL]LVLQGHNL� YDU\DV\RQODU� IDUNOÕ� IRUPODUGD� RODELOLU�� %X� YDU\DV\RQODUGDQ� HQ� VÕN�
görüleni, ELUH\OHULQ� '1$� GL]LQLQLQ� KHUKDQJL� ELU� QRNWDVÕQGD� J|VWerdikleri tek baz 
WHPHOOL�IDUNOÕOÕNODUGÕU��%X�IDUNOÕOÕNODUD�JHQHO�RODUDN�613�DGÕ�YHULOLU��613OHU�RUWDODPD�
����ED]GD�ELU�E|OJH\H�GHQN�G�úHFHN�úHNLOGH�J|U�O�UOHU�[39]. 

øQVDQ�JHQRPXQGD����PLO\RQGDQ�ID]OD�613�ROGX÷X�G�ú�Q�OPHNWHGLU��*:$6�
oDOÕúPDODUÕ�WHPHO�RODUDN�\�NVHN�kapasiteli genotipleme (highthroughput genotyping) 
WHNQRORMLOHULQL� NXOODQDUDN� JHQRPGDNL� 613� YDU\DV\RQODUÕQÕ DUDúWÕUÕU� YH� ELU� KDVWDOÕ÷D�
�YH\D� EHOLUOL� ELU� IHQRWLSH�� VDKLS� RODQ� ELUH\OHUOH� QRUPDO� ELUH\OHU� DUDVÕQGDNL� DOOHO�
IUHNDQVÕ� IDUNOÕOÕNODUÕQÕ�EXOPD\Õ�DPDoOar. *:$6�DUDúWÕUPDODUÕ |]HOOLNOH�VRQ����\ÕOGD�
teknolojiGHNL�JHOLúPHOHU�YH�PDOL\HWOHUGHNL�D]DOPDODU�VRQXFXQGD�KDVWDOÕNODUÕQ�JHQHWLN�
QHGHQOHULQL�LQFHOH\HQ�DUDúWÕUPDODUÕQ�HQ�|QHPOL�\|QWHPOHULQGHQ�ELULVL�KDOLQH�JHOPLúWLU 
[40]�� +DVWDOÕNODUD� NDOÕWVDO� \DWNÕQOÕN� YH� \DNDODQPDQÕQ� QHGHQOHULQL� LQFHOH\HQ� EX�
oDOÕúPDODUGD� oRN� VD\ÕGD� SNP’in JHQRWLS� YH� DOOHO� IUHNDQVODUÕ� EDNÕPÕQGDQ� KDVWD� YH�
NRQWURO� JUXSODUÕ� DUDVÕQGD� LVWDWLVWLNVHO� ELU� IDUNOÕOÕN� J|VWHULS� J|VWHUPHGL÷L Hú� ]DPDQOÕ�
olarak DUDúWÕUÕOÕU [41-44].  

On milyonun üzHULQGHNL� E|OJHQLQ� JHQRWLSOHQPHVLQLQ� oRN� SDKDOÕ� RODFD÷Õ� YH�
ID]OD� ]DPDQ� DODFD÷Õ� G�ú�Q�OHELOLU�� )DNDW� JHQRP, ED÷ODQWÕ� HúLWVL]OL÷L� �/LQNDJH�
Disequilibrium – /'�� DGÕ� YHULOHQ� \DSÕVDO� ELU� |]HOOLN� J|VWHUPHNWHGLU��Bir fenotipin 
JHQHWLN�ND\QD÷ÕQÕ�DUDúWÕUDELOPHN�LoLQ \DNODúÕN�NDo�WDQH�613�LQFHOHQPHOLGLU�VRUXVXQD�
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ED÷ODQWÕ� HúLWVL]OL÷L� DoÕVÕQGDQ� EDNPDN� JHUHNLU�� Buna göre belirli bir kromozom 
�]HULQGH�'1$� VHNDQVÕQÕQ� E�\�N� E|O�POHUL� \�NVHN� NRUHODV\RQ� J|VWHULU�� %X� \DSÕVDO�
|]HOOLN� *:$6� oDOÕúPDODUÕQÕQ� PDOL\HWLQL� G�ú�UHQ� ELU� NÕVD yol sunar ve böylece 
korelasyon gösteren bölge içindeki temsilci SNPler (“etiket” SNP) genotiplenerek 
D\QÕ� E|OJH\H� DLW� GL÷HU� 613OHU¶LQ� |Oo�OPH\HQ� ED]ODUÕ� WDKPLQ� HGLOHELOLU�� %|\OHVL�
NRUHODV\RQ�J|VWHUHQ�E|OJHOHUH�³KDSORWLS´�DGÕ�YHULOLU�� 

Bilinen “etiket 613OHU¶LQ´� RUDQÕQÕ� DUDúWÕUDQ� ELU� oDOÕúPDGD� $IULND�
SRS�ODV\RQXQGD� \DNODúÕN� ������� – ������� DUDVÕ� ED]� oLIWLQLQ� $YUXSD� YH� $V\D�
SRS�ODV\RQODUÕQGD�LVH�\DNODúÕN��������- �������ED]�oLIWLQLQ�RUWDN�HWLNHW�613�WDúÕGÕ÷Õ�
J|VWHULOPLúWLU� [45]��%X�EXOJX�+DS0DS�SURMHVLQLQ�GH��]HULQGH� oDOÕúWÕ÷Õ� ELU� DUDúWÕUPD�
LOH� GDKD� GD� úHNLOOHQPLúWLU� YH� SURMH� VRQXFXQGD� \DNODúÕN� ��PLO\RQ� 613� RQD\ODQDUDN�
NDWDORJODQPÕúWÕU� [46]�� *HQHO� DQODPGD� G�Q\D� SRS�ODV\RQODUÕQGD� YDU� ROGX÷X� WDKPLQ�
HGLOHQ� ���PLO\RQXQ� �]HULQGH� 613¶GHQ� RUWDN� ROGX÷X� G�ú�Q�OHQ� ����PLO\RQu da bu 
NDWDORJODQDQ�613OHU�DUDVÕQGDGÕU�� 

%X� VD\HGH� G�Q\D� JHQHOLQGH� EL\RWHNQRORML� ILUPDODUÕ� DUDVÕQGDNL� UHNDEHW� GH�
DUWPÕú� YH� \�NVHN� NDSDVLWHOL� JHQRWLSOHPH� DUDoODUÕ� �UHWPHN� DPDFÕ\OD� WHNQRORMLN�
JHOLúPHOHU� ELUELULQL� L]OHPLúWLU�� ùX� DQ� LWLEDUÕ\OD� $YUXSD� SRS�ODV\RQXQGD� \DNODúÕN�
��������YH�$IULND�SRS�ODV\RQXQGD�GD�\DNODúÕN���PLO\RQ�DGHW�613¶LQ�HWLNHW�J|UHYL�
�VWOHQGL÷L� YH� E|\OHFH� WRSODP� 613OHU¶LQ� \DNODúÕN� ���¶LQLQ� WDKPLQ� HGLOHELOPHVLQL�
VD÷OD\DFDNODUÕ�NDEXO�HGLOPHNWHGLU�[47].  

%X� úHNLOGH� W�P�KDSORWLSOHU� JHQHOLQGH� \DSÕODFDN� ELU� JHQRWLSOHPH� LOH� �00.000 
LOH���PLO\RQ�DUDVÕQGD�613�LQFHOHQHUHN� W�P�JHQRPD�DLW� \HWHUOL�ELOJL� WRSODQPÕú�ROXU��
7�P�JHQRPGDQ�WRSODQDQ�YH�VD\ÕVÕ�JHQHOOLNOH��������¶LQ��]HULQGH�RODQ�613�YHULVL�LOH�
KDVWDOÕ÷D�QHGHQ�RODQ�YDU\DV\RQODUÕQ�WHVSLWL�DPDoODQÕU�� 

6RQ�\ÕOODUGD�JHQRWLSOHPH� WHNQRORMLOHULQLQ�PDOL\HWL�QHUHGH\VH������¶GH�ELULQH�
NDGDU� JHULOHUNHQ� VRQXoODUÕQ� KDVVDVL\HWL� \HQL� �UHWLOHQ� oLSOHU� VD\HVLQGH� ELQGH� ELU�
KDWDQÕQ�DOWÕQD�NDGDU�JHOLúLP�J|VWHUPLúWLU��7�P�EX�JHOLúPHOHU�*:$6�DUDúWÕUPDODUÕQÕQ�
\D\JÕQODúPDVÕQÕ VD÷ODPÕúWÕU�[48]. 

ùX� DQD� NDGDU� \DSÕODQ� oRN� VD\ÕGD�*:$6� DUDúWÕUPDVÕ� LOH� KDVWDOÕNODUOD� LOLúNLOL�
ELUoRN� SROLPRUIL]PLQ� YDUOÕ÷Õ� DPSLULN� RODUDN� NDQÕWODQPÕúWÕU [39, 42, 49-51]. 2005 
VHQHVLQGHQ� EHUL� VD\ÕVÕ� JLWWLNoH� DUWDQ� *:$6� DUDúWÕUPDVÕQÕQ� KHPHQ� KHSVLQGH� EX�
\|QWHP� NXOODQÕOPÕúWÕU. %X� oDOÕúPDODUD� LOLúNLQ� ELOJLOHUH�
³KWWS���ZZZ�JHQRPH�JRY�JZDVWXGLHV´�ZHE�DGUHVLQGHQ�GH�HULúLOHELOLU [52-54]. 

øON� |UQH÷LQLQ� \D\ÕQODQGÕ÷Õ� ����� \ÕOÕQGDQ� EHUL� [38] *:$6� oDOÕúPDODUÕ� LOH�
��¶ÕQ� �]HULQGH� |QHPOL� KDVWDOÕ÷D� LOLúNLQ� JHQHWLN� \DWNÕQOÕ÷D� QHGHQ� RODQ� oRN� VD\ÕGD�
spesifLN� '1$� VHNDQVODUÕ� EHOLUOHQHELOPLúWLU� [39]�� %X� EXOJXODUÕQ� ELUoR÷X�� |QFHGHQ�
G�ú�Q�OPH\HQ� \HQL� DGD\� JHQOHUH� RGDNODQÕOPDVÕQD� QHGHQ� ROPXú� YH� E|\OHOLNOH� \HQL�
SDWRIL]\RORMLN� KLSRWH]OHU� RUWD\D� DWÕODELOPLúWLU�� *:$6� \|QWHPL� ELUoRN� DoÕGDQ�
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X\JXODPD� DYDQWDMODUÕ� WDúÕPDNWDGÕU�� $UWÕN� PLO\RQODUFD� LQVDQ� '1$� VHNDQVODUÕ�
NDWDORJODQDELOPHNWHGLU� YH� D\QÕ� DQGD� PLO\RQODUFD� YDU\DV\RQXQ� oDEXN� YH� GR÷UX� ELU�
ELoLPGH�EHOLUOHQHELOPHVL�P�PN�Q�KDOH�JHOPLúWLU�� 

Nöropsikiyatrik bozukluklar, bilinen genetik kökenleri nedeniyle üzerinde en 
oRN� oDOÕúÕODQ� NRQXODUÕQ EDúÕQGD� JHOPHNWHGLU�� %XJ�QH� NDGDU� EDúWD� RWL]P�� ELSRODU�
ER]XNOXN�� úL]RIUHQL�� PDM|U� GHSUHVLI� ER]XNOXN� YH� GLNNDW� HNVLNOL÷L� KLSHUDNWLYLWH�
ER]XNOX÷X� ROPDN� �]HUH� ELUoRN�PHQWDO� KDVWDOÕN� LoLQ� oRN� VD\ÕGD� *:$6� DUDúWÕUPDVÕ�
\�U�W�OP�úW�U�[48]. 

(Q� WHPHO� úHNOL\OH�ELU�*:$6�DUDúWÕUPDVÕ; NDOÕWVDO�ROGX÷X�G�ú�Q�OHQ� IHQRWLSL�
WDúÕGÕ÷Õ� GR÷UX� ELU� úHNLOGH� WDQÕODQPÕú� ROJXODUOD� �KDVWDODU��� EX� KDVWDODUÕQ�
NDUúÕODúWÕUÕODFD÷Õ� \LQH� QHW� ELU� úHNLOGH� WDQÕODQPÕú� NRQWURO� ROJXODUÕQÕ� LoHULU�� 613OHU¶LQ�
IUHNDQVODUÕ�IDUNOÕ�WRSOXPODUGD�IDUNOÕOÕNODU�J|VWHUHELOGL÷LQGHQ��DUDúWÕUPD\D�GkKLO�HGLOHQ�
ROJXODUÕQ� KHSVLQLQ� D\QÕ� N|NHQGHQ� JHOPHVLQH� �$YUXSD� N|NHQOL�� $V\D� N|NHQOL� JLEL��
dikkat eGLOPHOLGLU�� 9DU\DV\RQODUÕQ� QHGHQVHOOL÷L� KRPRMHQ� SRS�ODV\RQODUGD� GDKD� QHW�
J|U�OHELOPHNWHGLU�� +HU� ELU� ROJXQXQ� GRNX� YH\D� NDQ� |UQH÷L� oLSOHU� NXOODQÕODUDN�
JHQRWLSOHQLU�� %X� DúDPDGD� toplanan verinin dikkatli bir kalite kontrol sürecinden 
geçmesi gerekir. Veriler \DQOÕú� SR]LWLIOL÷L� YH\D� \DQOÕú� QHJDWLIOL÷L� DUWÕUDELOHFHN�
KDWDODUGDQ�� \DQOÕú� |OoPHOHUH� ED÷OÕ� EHNOHQPH\HQ� Xo� GH÷HUOHUGHQ� WHPL]OHQPHOLGLU��
%LUH\OHU�DUDVÕQGDNL�DNUDEDOÕN�GD�EX�\|QWHPOHUGH�WHVSLW�HGLOHELOLU�YH�EX�GXUXPGD�ED]Õ�
ROJXODU� DUDúWÕUPD� GÕúÕ� WXWXODELOLU� %X� DúDPDGD� RUWD\D� oÕNDELOHFHN� ED]Õ� VRUXQlar da 
LVWDWLVWLNVHO� G�]HOWPH� \|QWHPOHUL� LOH� RUWDGDQ� NDOGÕUÕODELOPHNWHGLU� [55]. Birçok 
oDOÕúPDGD� KHU bir SNP, fenotipe göre test edilir ve HapMap referans dizisi 
NXOODQÕODUDN�YHUL�LPSXWDV\RQX�GD�\DSÕODELOLU�[48, 50, 56, 57].  

6LVWHPDWLN�WDUDI�WXWPDQÕQ�|Q�QH�JHoHELOPHN�LoLQ�KDVWD�YH�NRQWURO�ROJXODUÕQÕQ�
L\L� WDQÕPODQPDVÕ� YH� GLNNDWOH� D\QÕ� SRS�ODV\RQ� LoLQGHQ� VHoLOPHVL� JHUHNLU�� 1DGLU�
UDVWODQDQ� YH\D� NOLQLN� VH\UL� D÷ÕU� RODQ� KDVWDOÕNODU� LoLQ� YDNDODUOD� NRQWUROOHULQ� EHQ]HU�
\DSÕGD� ROPDVÕ� GXUXPX� ]RU� VD÷ODQDELOPHNWHGLU�� $UDúWÕUÕODQ� IHQRWLSH� ED÷OÕ� RODUDN��
NDUúÕODúWÕUÕODFDN� JUXSODUÕQ� \Dú�� FLQVL\HW� JLEL� GHPRJUDILN� |]HOOLNOHU� DoÕVÕQGDQ� EHQ]HU�
ROPDVÕ�JHUHNHELOLU��gUQH÷LQ�$O]KHLPHU�LOH�LOJLOL�ELU�DUDúWÕUPD�WDVDUÕPÕQGD�NRQWUROOHUOH�
KDVWDODUÕQ�\Dú�RODUDN�ELUELULQH�\DNÕQ�ROPDVÕ�|QHPOLGLU���(÷HU�JHQ�;�oHYUH�HWNLOHúLPL�
ile ilgili bilinen etkiler varsa, bu etkiler J|]� �Q�QGH� EXOXQGXUXOPDOÕGÕU� �|UQH÷LQ�
PDGGH� ED÷ÕPOÕOÕ÷ÕQÕ� DUDúWÕUDQ� ELU� oDOÕúPDGD� NRQWURO� ELUH\OHUL� GDKD� |QFH� PDGGH\L�
NXOODQPÕú� IDNDW� ED÷ÕPOÕ� ROPDPÕú� ELUH\OHUGHQ� VHoLOHELOLU��� *:$6� DUDúWÕUPDVÕQÕQ�
LVWDWLVWLNVHO� J�F��� DUDúWÕUÕODQ� KDVWDOÕ÷ÕQ� \D\JÕQOÕ÷ÕQD� ED÷OÕ� RODUDN� GD� GH÷LúLP�
J|VWHUHELOLU��(÷HU�VÕN�UDVWODQPD\DQ�ELU�KDVWDOÕN�LQFHOHQL\RUVD��SUHYHODQVÕ���¶GHQ�D]���
NRQWURO�ROJXODUÕQÕ�NOLQLN�GH÷HUOHQGLUPH\H�WDEL�WXWPDGDQ�VHoPHN�LVWDWLVWLNVHO�J�oWH�D]�
ELU�ND\ED�QHGHQ�RODELOLU��)DNDW�GDKD�VÕN� UDVWODQDQ�ELU�KDVWDOÕN� LoLQ��NRQWURO�ROJXODUÕ�
DUDVÕQGD�KLo�KDVWD�ELUH\�ROPDPDVÕQD�GLNNDW�HWPHN�JHUHNLU�[48, 57].   
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2.2.2. *:$6�$UDúWÕUPDODUÕQÕQ�.ÕVÕWOÕOÕNODUÕ 
*:$6��JHQRPGDQ�HOGH�HGLOHQ�ELOJLOHU�LOH�\�U�W�OHQ�YH�VÕN�J|U�OHQ��NRPSOHNV�

IHQRWLSOHULQ� RUWD\D� oÕNPDVÕQGD� HWNLOL� RODQ� 613OHU¶LQ� EHOLUOHQPHVLQGH� NXYYHWOL� ELU�
DUDúWÕUPD� oHúLGLGLU�� )DNDW� *:$6� LOH� WHVSLW� HGLOHELOHQ� KDVWDOÕ÷D� \DWNÕQOÕN� ULVNL� LOH�
(genellikle %1-���DUDVÕ���KDVWDOÕNODUÕQ�NDOÕWVDO�N|NHQOHULQH�LOLúNLQ�WDKPLQOHU�DUDVÕQGD�
gözle g|U�O�U� ELU� IDUN� YDUGÕU�� �7DEOR� ���) [58, 59]�� %D]Õ� KDVWDOÕNODUD� \DWNÕQOÕ÷ÕQ�
NDOÕWVDOOÕ÷ÕQD� LOLúNLQ� WDKPLQOHU� ���¶QLQ� �]HULQGH� RODELOPHNWHGLU�� $\UÕFD� NURQLN��
\DúODQPD� LOH� LOJLOL� KDVWDOÕNODUD� NÕ\DVOD� Q|URSVLNL\DWULN� ER]XNOXNODUÕQ� JHQHWLN�
temelleriQL�DUDúWÕUDQ�*:$6�oDOÕúPDODUÕQGD�EX�GXUXP�GDKD�GD�EHOLUJLQ�RODELOPHNWHGLU�
[60]��%X�HNVLNOL÷LQ�EHONL�GH�HQ�|QFHOLNOL�VHEHEL, D]�UDVWODQDQ�YDU\DQWODUÕQ�LVWDWLVWLNVHO�
RODUDN� LQFHOHQHELOPHVL� LoLQ� oRN� E�\�N� |UQHNOHPOHUH� LKWL\Do� GX\XOX\RU� ROPDVÕGÕU��
EtkLVL� N�o�N� IDNDW� |QHPOL� RODQ� 613OHU¶L� WHVSLW� HGHELOPHN� LoLQ� oRN� ID]OD� VD\ÕGD�
ROJX\D�LKWL\Do�GX\DELOPHNWHGLU��(N�RODUDN��úX�DQ�LWLEDUÕ\OD�JHQRWLSOHPHGH�NXOODQÕODQ�
oLSOHULQ� E�\�N� NÕVPÕ� QDGLU� YDU\DV\RQODUÕ� �IUHNDQVÕ� ��¶GHQ� GDKD� D]� RODQ�� WHVSLW�
edemeyebilmektedLUOHU��6RQ�RODUDN��JHQ�;�JHQ�HWNLOHúLPLQL�EHOLUOH\HELOPHGH�PHYFXW�
\DNODúÕPODUÕQ� G�ú�N� LVWDWLVWLNVHO� J�F��� JHQ� ;� oHYUH� HWNLOHúLPLQL� \HWHUOL� RODUDN�
LQFHOH\HPL\RU� ROPDPÕ]�� IHQRWLSLN� KHWHURMHQOLN� \D� GD� \HWHULQFH� KDVVDV� YH� EHOLUJLQ�
ROPD\DQ� WDQÕ� NULWHUOHUL� YH� HSLJHQRPLN� GH÷LúLPOHU� JLEL� IDNW|UOHU� GH� *:$6�
VRQXoODUÕQÕQ�WDWPLQ�HGLFLOL÷LQL�D]DOWDELOPHNWHGLU�[59].  

Tablo 2.1. %D]Õ�+DVWDOÕN�YH�)HQRWLSOHUH�øOLúNLQ�7DKPLQ�(GLOHQ�.DOÕWVDOOÕN�<�]GHOHUL�[19] 

+DVWDOÕN���Fenotip Tahmin Edilen 
.DOÕWVDOOÕN�<�]GHVL $UDúWÕUPDODU 

Obezite 77 [61, 62] 
.RURQHU�.DOS�+DVWDOÕ÷Õ 57 [63] 
Tip II Diyabet 64 [64] 
Kolorektal Kanserler 35 [65] 
Prostat Kanseri 42 [65] 
Meme Kanseri 27 [65] 
Alzheimer 74 [66] 
Uzun Ömürlülük 25 [67, 68] 
ùL]RIUHQL 81 [69] 
Bipolar Bozukluk 85 [70, 71] 
Ünipolar Depresyon 37 [72, 73] 
$QNVL\HWH�%R]XNOXNODUÕ 32 [74, 75] 

 

%X� IDNW|UOHULQ� oR÷X� Q|URSVLNL\DWULN� ER]XNOXNODUGD� GL÷HU� ED]Õ� KDVWDOÕNODUD�
NÕ\DVOD� GDKD� |QHPOL� URO� R\QDPDNWDGÕUODU�� $\UÕFD� \LQH� Q|URSVLNL\DWULN� ER]XNOXNODU�
LoLQ� ³RUWDN� KDVWDOÕN� – ortak genetik varyasyon” hipotezi yetersiz kalabilmektedir.  
'ROD\ÕVÕ\OD�E|\OHVL�KDVWDOÕNODUÕQ�JHQHWLN�WHPHOOHULQL�DUDúWÕUÕUNHQ�EX�\DNODúÕPÕQ�\HULQH�
JHQ�;�oHYUH�HWNLOHúLPLQH�GDKD�ID]OD�|QHP�YHUHELOHFHN�DUDúWÕUPD�\|QWHPOHULQH�JHUHN�
GX\XOGX÷X� G�ú�Q�OPHNWHGLU� [37]�� 7�P� EX� VÕUDODQDQ� VHEHSOHU� \�]�QGHQ� PHQWDO�
ER]XNOXNODUÕ�LQFHOH\HQ�*:$6�DUDúWÕUPDODUÕQÕQ�NOLQLNWH�HWNLQ�úHNLOGH�NXOODQÕODELOHFHN�
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JHQHWLN� ELOJL\L� VXQGX÷XQX� WDP� RODUDN� V|\OH\HPH\L]�� %X� VHEHSOH�� |]HOOLNOH�
nöropsikiyatrik bozukluklar için olmak üzere, neredeyse tüm kompleks ve Non-
0HQGHOL\HQ�KDVWDOÕNODU�LoLQ�JHQRPLN�ELOJLQLQ�GDKD�HWNLQ�RODUDN�NXOODQÕODELOHFH÷L�\HQL�
EL\RLQIRUPDWLN�\DNODúÕPODUÕQD�LKWL\Do�GX\XOGX÷X�V|\OHQHELOLU�[19]. 

Yeni jenerasyon VHNDQVODPD� DUDoODUÕQÕQ� GDKD� GD� JHOLúLS� PDOL\HWOHULQLQ� GH�
D]DOPDVÕ�LOH�\DNÕQ�JHOHFHNWH�'1$¶QÕQ�WDPDPÕ\OD�LQFHOHQPHVL�DUDúWÕUPDODU�DoÕVÕQGDQ�
EHONL� GH� EX� VRUXQODUÕ� RUWDGDQ� NDOGÕUDELOHFHNWLU�� %X� úHNLOGH�� VDGHFH� ³HWLNHW� 613OHU´�
YH\D�³DGD\�JHQOHU´�GH÷LO�� W�P�QDdir varyasyonlar, insersiyonlar, delesyonlar, kopya 
VD\ÕVÕ�YDU\DV\RQODUÕ�GD� WHVSLW� HGLOHELOHFHNWLU [19]. GWAS DUDúWÕUPDODUÕ�� W�P�JHQRP�
DUDúWÕUPDODUÕQD� HYULOHFHN� YH� PDOL\HWOHU� DoÕVÕQGDQ� GDKD� XODúÕODELOLU� RODFDNWÕU Bu da 
|]HOOLNOH� \DúODQPD� YH� Q|URSLVNL\DWULN� ER]XNOXNODU� DoÕVÕQGDQ� \HS\HQL� EXOJXODUD�
XODúÕOPDVÕQÕ�VD÷OD\DELOLU��gUQH÷LQ�+DODVFKHN- :LHQHU�YH�DUNDGDúODUÕQÕQ�\�U�WW�÷��ELU�
DUDúWÕUPDGD� ��� \Dú� YH� �VW�� VD÷OÕNOÕ� ELUH\OHUGH� \DúODQPD\OD� LOJLOL� ��� DGHW� DGD\� JHQ�
WDPDPÕ\OD� VHNDQVODQPÕú� YH� WHVSLW� HGLOHQ� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� YDU\DV\RQODUÕQ�
%41’inin mevcut genetik veri tabanODUÕQGD� ND\ÕWOÕ� ROPDGÕ÷Õ� J|U�OP�úW�U� [76]. Bu 
anlamda, WHNQLNOHULQ�JHOLúPHVL�YH�PDOL\HWOHULQ�G�úPHVL��ELOJL�ELULNLPLQL�DUWÕUDFDN�YH�
GROD\OÕ� RODUDN�EXOJXODUÕQ�GDKD�NDSVDPOÕ�YH�KDVVDV�ROPDVÕQD� \RO� DoDELOHFHNWLU��<DQL�
*:$6� EDúWD� ROPDN� �]HUH�� EX� J�QH� NDGDU� NXOODQÕODQ� EL\RLnformatik yöntemleri, 
süreç içerisinde hep HYULOPHN� GXUXPXQGDGÕU� YH� EX� DQODPGD� JHQHWLN� DUDúWÕUPDODUGD�
yöntem her zaman için dinamiktir.  

<HQL� WHNQLNOHU� YH� GDKD� ID]OD� VHNDQVODPD� ELOJLVL� LoHUHQ� YHULOHU� LOH� úL]RIUHQL��
ELSRODU� ER]XNOXN� YH� DQRUHNVL\D� QHUYRVD� JLEL� KDVWDOÕNODUÕQ� JHQHWL÷LQH� LOLúNLQ� ELOJL�
ELULNLPLQLQ� NOLQLN� NXOODQÕPGD� JLWWLNoH� GDKD� ID]OD� HWNLQOHúHFH÷L� |QJ|U�OHELOLU� [19]. 
$\UÕFD�YHUL� VHWOHULQLQ�ELUOHúWLULOPHVLQH�GD\DQDQ�PHWD�DQDOL]L�JLEL� WHNQLNOHU�GH�HQ�D]�
teknolojik JHOLúPHOHU� NDGDU� |QHPOLGLU�� %X� EDNÕPGDQ� HOGH� HGLOHQ� YHULOHULQ� ELOLPVHO�
NXOODQÕPD� DoÕN� YHUL� WDEDQODUÕQGD� WXWXOPDVÕ� WHUFLK� HGLOPHNWHGLU�� %|\OHOLNOH�
DUDúWÕUPDODUÕQ�J�F�Q��YH�|UQHNOHP�E�\�NO�÷�Q��DUWÕUPDN�P�PN�Q�RODELOHFHNWLU�[77, 
78].  

$\UÕFD� JHOHFHNWHNL� *:$6� DUDúWÕUPDODUÕQGDQ� GDKD� NXOODQÕúOÕ� EXOJXODU� HOGH�
HGHELOPHN� LoLQ� |QHULOHELOHFHN� ELU� GL÷HU� HWNLQ� VWUDWHML� GH� NODVLN� YDND� – kontrol 
DUDúWÕUPDODUÕQÕQ� \DQÕ� VÕUD�� IHQRWLS� ELOJLOHULQLQ� GH� GR÷UX� úHNLOGH� WRSODQPDVÕGÕU��
dHYUHVHO�IDNW|UOHU�GH�ELU�GL÷HU�|QHPOL�GH÷LúNHQ�JUXEXGXU��*HQ�;�JHQ�HWNLOHúLPOHULQL�
RUWD\D� NR\DELOPHN� LoLQ� D� SULRUL� KLSRWH]� WHVWOHUL� NXOODQÕODELOLU�� *HQ� ;� oHYUH�
HWNLOHúLPLQL� GDKD� QHW� RUWD\D� NR\DELOPHN� LoLQ� ROJXODUÕQ� DLOHOHULQGHQ� GH� HWNLQ� YHUL�
WRSODPDN�JHUHNPHNWHGLU��7�P�EX�|QHULOHELOHFHN�VWUDWHMLOHU��PDOL\HW�D]DOPDODUÕ��WHNQLN�
DODQGD� ND\GHGLOHQ� JHOLúPHOHU� YH� DUDúWÕUPD� \|QWHPOHULQLQ� RSWLPL]H� HGLOPHVL� LOH�
ELUOLNWH�� NRPSOHNV� IHQRWLSOHULQ� JHQHWL÷LQH� LOLúNLQ� GDKD� WDWPLQ� HGLFL� VRQXoODUD�
XODúÕODFD÷ÕQÕ öngörebiliriz [19]. 
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%X� \|QWHPLQ� NXOODQÕOGÕ÷Õ� oDOÕúPDODU LOH� KDVWDOÕNODUÕQ� YH� ED]Õ� NRPSOHNV�
IHQRWLSLN� |]HOOLNOHULQ� NDOÕWVDO� QHGHQOHULQH� LOLúNLQ� oRN� |QHPOL� EXOJXODUD� HULúLOPLú� GH�
ROVD�� *:$6� DUDúWÕUPDODUÕQÕQ� ED]Õ� |QHPOL� X\JXODPD� NÕVÕWOÕOÕNODUÕ� GD� YDUGÕU [79]. 
BXQODUÕQ� HQ� EDúÕQGD� \|QWHPLQ� 613ler’in / JHQRP� E|OJHOHULQLQ� WHN� EDúODUÕQD�
J|VWHUGL÷L� HWNL\L� EXOPD\D� RGDNODQPDVÕ� JHOPHNWHGLU�� Oysa kompleks fenotipik 
özellikler birçok SNP’in / JHQLQ� HWNLOHúLPL� VRQXFXQGD� RUWD\D� oÕNPDNWDGÕU� [43, 54, 
80]. BX�HWNLOHúLPH�GL÷HU�JHQHWLN�YH�oHYUHVHO�IDNW|UOHU�GH�NDWNÕGD�EXOXQXU�[81]. 

gWH�\DQGDQ�WHVW�HGLOHQ�613�VD\ÕVÕ�ID]OD�ROGX÷XQGDQ�oRNOX�WHVWOHU�LoLQ�\DSÕODQ�
LVWDWLVWLNVHO� G�]HOWPHOHU� VRQXFXQGD� D]� VD\ÕGD� 613� DQODPOÕOÕN� G�]H\LQL�
VD÷OD\DELOPHNWHGLU [43, 82]��%LU�613¶LQ�JHQRP�oDSÕQGD� DQODPOÕ�EXOXQDELOPHVL� LoLQ�
JHQHOOLNOH� oRN� G�ú�N� S� GH÷HUOHULQGH� �S���-6 ya da p<10-8 JLEL�� |QHPOLOL÷L�
LVSDWODQPDN� GXUXPXQGD� NDOÕQPDNWDGÕU [83]. Bu sorunu giderecek optimal bir p 
GH÷HULQLQ� WHVSLWL� GH� ]RUGXU [84]�� $QODPOÕOÕN� G�]H\LQLQ� G�ú�N� WXWXOPDVÕ�� |QHPOL�
EXOXQDQ� 613� VD\ÕVÕQÕ� NÕVÕWOD\ÕS� EL\RORMLN� D÷ODUGD� URO� R\QD\DQ� EHOLUOL�
polimorfizmOHULQ�GLNNDWH� DOÕQPDPDVÕQD�QHGHQ�ROXU [85]��<�NVHN� WXWXODFDN�S�GH÷HUL�
LVH� oRN� VD\ÕGD�613¶LQ� |QHPOL� EXOXQPDVÕQD� \RO DoDFDNWÕU� YH� EX� GXUXPGD�GD� \DQOÕú�
pozitiflik artar [84]�� g]HWOH��*:$6� \DNODúÕPÕQGD� HWNLVL� DQODPOÕ� EXOXQPD\DQ� IDNDW�
biyolojik a÷ODUGD�HWNLOHúLPOHU�Vayesinde önemli rol oynayan SNPOHU�J|]�DUGÕ�HGLOPLú�
olur [41, 80, 81]�� øVWDWLVWLNVHO� RODUDN� ³Jürültü” kabul edilen bu SNPler’H� LOLúNLQ�
bilgilerin de GH÷HUOHQGLULOHELOHFH÷L� \HQL� DQDOL]� \DNODúÕPODUÕQD� LKWL\Do� ROGX÷X�
VDYXQXOPDNWDGÕU�[43, 49, 81, 86].  

+HU� QH� NDGDU� *:$6� \ROX\OD� HWNLVL� WHVSLW� HGLOHQ� DGD\� JHQOHUGHQ� ELUoR÷X�
KDVWDOÕNODUÕQ� SDWRIL]\RORMLVLQL� DQOD\DELOPHGH� |QHPOL� SURWHLQ� \RODNODUÕQÕQ� NHúIine 
RODQDN� WDQÕPÕú� GD� ROVD [50, 51, 80, 87-93], SNPler’in GWAS ile bulunan bireysel 
HWNLOHUL� J|UHFH� G�ú�NW�U� �RGGV� RUDQÕ ~= 1,2 - 1,4) [43, 54, 80, 83, 94]. Yani 
LVWDWLVWLNVHO� DQODPOÕOÕN� IHQRWLSLN� YDU\DV\RQODUÕQ� N�o�N� ELU� NÕVPÕQÕ�
DoÕNOD\DELOPHNWHGLU [54]�� %XQXQOD� ELUOLNWH�� ELU� *:$6� VRQXFXQGD� oRN� VD\ÕGD� 613�
KDVWDOÕNOD� LOLúNLOL� EXOXQDELOLU�� )DNDW� EX� SROLPRUIL]POHUGHQ� KDQJLOHULQLQ� HWNLVLQLQ�
QHGHQVHO� ROGX÷X, KDQJLOHULQLQ� LVH� YHULGHQ� ND\QDNODQDQ� \DQÕOWÕFÕ� EXOJX� ROGX÷XQX�
bilmek zordur [54]. Öte yandan nedensel etkileri olan SNPler ile kuvvetli LD 
gösteren SNPler de GWAS sonucunda önemli bulunabilir. Bu SNPler’i de tespit 
etmek zordur.   

*:$6� oDOÕúPDODUÕ� LOH� |QHPOLOL÷L� WHVSLW� HGLOHQ� 613ler’in EDúND� EHQ]HU�
oDOÕúPDODUGD� UHSOLNH� HGLOPHVL� GH� JHQHOOLNOH�P�PN�Q� ROPDPDNWDGÕU�� %XQXQ� QHGHQL��
SNPler’LQ� ELUH\VHO� HWNLOHULQLQ� G�ú�N� ROPDVÕ�� NRPSOHNV� IHQRWLSLN� |]HOOLNOHULQ�
genHWL÷LQGHNL� KHWHURMHQOLN� YH� *:$6lar’GD� JHQRP� oDSÕQGD� DQODPOÕOÕN� LoLQ� NDEXO�
edilen p GH÷HUL� VÕQÕUÕQÕQ� oRN� G�ú�N� ROPDVÕGÕU [80, 84, 95, 96]�� %XOJXODUÕQ� UHSOLNH�
HGLOHPHPHVL��R�EXOJX\D�LOLúNLQ�NDQÕWÕQ�J�F�Q��D]DOWÕU�� 



12 
 

*:$6� oDOÕúPDODUÕQÕQ� EX� DQODWÕODQ� VHEHSOHU� \�]�QGHQ� JHOHFHNWH� �o� WHPHO�
EDVDPD÷D�GD\DOÕ�RODUDN�HYULPOHúHFH÷L�|QJ|U�OHELOLU��613��JHQ�YH�\RODN�WHPHOOL�LOLúNL�
analizleri [80].  

2.3.  dRN�'H÷LúNHQOL�8]DNOÕN�0DWULVL�5HJUHV\RQX� 
0'05� \|QWHPL�� LON� RODUDN� 0F$UGOH� YH� $QGHUVRQ� WDUDIÕQGDQ� HNRORML 

DODQÕQGDNL�oDOÕúPDODUGDNL�NDUPDúÕN�YHUL�\DSÕVÕQD�X\JXODQPDNWD�RODQ�oRN�GH÷LúNHQOL�
DQDOL]� \|QWHPOHULQL� �0$129$�� 0$1&29$�� NÕVPL� \D� GD� oRNOX� UHJUHV\RQ� JLEL��
GDKD� GD� JHOLúWLUHELOPHN� DPDFÕ\OD� WHPHOOHUL� DWÕODQ� ELU� \|QWHPGLU� [97]. Daha sonra 
=DSDOD� YH� 6FKRUN�� EX� \|QWHPL� JHQHWLN� DODQÕQD� DGDSWH� HGHUHN� NXOODQÕPÕQÕ� WHst 
HWPLúOHUGLU�[14]��<|QWHP�úX�DQD�NDGDU�|]HOOLNOH�JHQ�HNVSUHV\RQX�WHPHOOL�DUDúWÕUPDODU�
ROPDN� �]HUH� ELUoRN� JHQRPLN� DUDúWÕUPDGD� NXOODQÕOPÕúWÕU� [15-18, 98]�� $\UÕFD� ELU�
J|UVHOOHúWLUPH�DUDFÕ�RODUDN�GD�X\JXODQDELOPHNWHGLU�[99, 100].  

 
<|QWHP�� ELUH\OHU� DUDVÕQGD� GH÷LúNHQOHUH� GD\DOÕ� EHQ]HUOLNOHUL� YH\D� X]DNOÕNODUÕ�

belirleyerek bir benzerlLN� ��X]DNOÕN�PDWULVL�ROXúWXUPD� WHPHOLQH�GD\DQÕU��2OXúWXUXODQ�
EX� PDWULV�� UHJUHV\RQ� DQDOL]LQGH� ED÷ÕPOÕ� GH÷LúNHQ� PDWULVL� RODUDN� NXOODQÕOÕU�� 7HPHO�
RODUDN�� ROXúWXUXOPXú� RODQ� EHQ]HUOLN� �� X]DNOÕN� PDWULVLQGHNL� YDU\DV\RQ� LOH� ED÷ÕPVÕ]�
GH÷LúNHQOHU� DUDVÕQGDNL� LOLúNL� LQFHOHQLU�� %X� \|QWHPGH� ED÷ÕPOÕ� GH÷LúNHQ� PDWULVLQL�
ROXúWXUPDGD� NXOODQÕODFDN� RODQ� GH÷LúNHQOHU� YH� ED÷ÕPVÕ]� GH÷LúNHQOHULQ� QH� RODFD÷Õ�
VHoLPL�� \|QWHPLQ� X\JXODQDELOHFH÷L� DODQODUÕQ� oHúLWOLOLN� J|VWHUPHVLQL� VD÷ODU��gUQH÷LQ�
\|QWHP�� |Oo�OHQ� NOLQLN� GH÷LúNHQOHUL� EDNÕPÕQGDQ� ELUH\OHULQ� DUDVÕQGDNL�PDWHPDWLNVHO�
X]DNOÕNODU� bir PDWULVH� G|Q�úW�U�OHUHN� EX� PDWULVWHNL� YDU\DV\RQXQ� JHQ� HNVSUHV\RQX�
GH÷LúLNOLNOHUL�LOH�DoÕNODQPDVÕ�LoLQ�NXOODQÕODELOLU��<|QWHP��D÷Do�WHPHOOL�J|VWHULPOHU�YH�
ÕVÕ� KDULWDODUÕ� JLEL� J|UVHOOHúWLUPH� \DNODúÕPODUÕQD� X\JXQGXU�� 0DWULV� LoLQGHNL� RODVÕ�
|U�QW�OHULQ� WHVW� HGLOGL÷L� KLSRWH]OHU� LOH� N�PHOHPH� DQDOL]OHULQLQ� NÕVÕWOÕOÕNODUÕQGDQ�
NDoÕQÕOPDNWD�YH�ED÷ÕPVÕ]�GH÷LúNHQ�VD\ÕVÕQÕQ�ROJX�VD\ÕVÕQGDQ�oRN�GDKD�ID]OD�ROGX÷X�
JHQHWLN� oDOÕúPDODU� LoLQ� LVWDWLVWLNVHO� J�F�� ID]OD� ROan bir çözümleme yöntemi 
VXQPDNWDGÕU�[14, 97, 98].   

 
<DNÕQ�]DPDQGD�JHUoHNOHúWLULOHQ�JHQRPLN�DUDúWÕUPDODUÕQÕQ�ELUoR÷X��NRPSOHNV�

KDVWDOÕNODUÕQ� YH� IHQRWLSOHULQ� JHQRPXQ� WHN� ELU� E|OJHVLQGHNL� VSHVLILN� ELU� PXWDV\RQD�
ED÷OÕ� ROPDGÕ÷ÕQÕ�� E|\OHVL� IHQRWLSOHULQ� RUWD\D� oÕNPDVÕQGD� HWNLOHúLPOHULn önemli 
RODELOHFH÷LQL� J|VWHUPHNWHGLU�� %|\OHVL� NRPSOHNV� IHQRWLSOHUGH�� WHN� EDúÕQD� HWNLVL�
LVWDWLVWLNVHO� RODUDN� G�ú�N� RODQ�� SRS�ODV\RQ� ED]ÕQGD� QDGLU� J|U�OHQ� IDNDW� ELUH\LQ�
WDúÕ\DELOHFH÷L� EDúND� EHQ]HU� GH÷LúLPOHUOH� ELUOLNWH� WRSODPVDO� HWNLVL� |QHPOL�RODELOHFHN�
çok VD\ÕGDNL� JHQHWLN� YDU\DV\RQXQ� ELUOLNWH� J|U�OPHVLQLQ� |QHPOL� RODELOHFH÷L�
\|Q�QGHNL� KLSRWH]OHU� D÷ÕUOÕN� ND]DQPDNWDGÕU� [19, 37]�� 2UJDQL]PDODUÕQ� WDúÕPDNWD�
ROGXNODUÕ� JHQHWLN� PDWHU\DOLQ� \DQÕ� VÕUD�� oHYUH� LOH� HWNLOHúLPLQ� GH� EHOLUOH\LFL� ROGX÷X�
J|U�OPHNWHGLU�� %X� DoÕGDQ� HSLJHQRPLN� DODQÕ� |]HOOLNOH� NRPSOHNV� IHQRWLSOHULQ�
neGHQVHOOL÷LQL�DQODPDGD�J�Q�JHoWLNoH�GH÷HU�ND]DQPDNWDGÕU�[59, 101].  
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2OXúWXUXOPXú�EHQ]HUOLN���X]DNOÕN�PDWULVLQL�DoÕNODPDN�LoLQ�X\JXODQDELOHFHN�ELU�
PRGHOGH� NXOODQÕODELOHFHN� ED÷ÕPVÕ]� GH÷LúNHQOHU� 613ler’e ait genotip verileri de 
olabilir. Hastalardan WRSODQDFDN�RODQ�NOLQLN�DQODPGD�GH÷HUOL fenotip verisi ilH�X]DNOÕN�
PDWULVOHUL�ROXúWXUXOabilir��%|\OHFH�KDVWDODU� DUDVÕQGD�J|U�OHQ� IHQRWLS�YDU\DV\RQODUÕQD�
ED÷OÕ� EHQ]HUOLN� YH\D� IDUNOÕOÕNODUÕQ� 613� WHPHOOL� N|NHQOHUL� DUDúWÕUÕODFDN� YH� JHQ� YH�
NURPR]RP�ED]ÕQGD�JHQHWLN�QHGHQOHU�LQFHOHQHELOHFHNWLU�� 

 
8]DNOÕN� PDWULVOHUL� ELUoRN� LVWDWLVWLNVHO� DQDOL]� \|QWHPLQGH� NXOODQÕOPDNWDGÕU��

%XQXQOD� ELUOLNWH�� X]DNOÕN� PDWULVLQLQ� ROXúWXUXOmDVÕ� LoLQ� ELUoRN� IDUNOÕ� \|QWHP�
uygulanabilmektedir. %X� \|QWHPOHU�� ROJXODU� DUDVÕQGDNL� EHQ]HUOLN� YH\D� IDUNOÕOÕNODUD�
RGDNODQDELOLU��%HQ]HUOLNOHU�LoLQ�HQ�VÕN�NXOODQÕODQ�X]DNOÕN�PDWULVL�ROXúWXUPD�\DNODúÕPÕ�
NRUHODV\RQ� PDWULVOHULGLU�� )DUNOÕOÕNODU� LoLQ� LVH� VÕNOÕNOD� gNOLW� X]DNOÕN� PDWULVL�
NXOODQÕOPDNWDGÕU� 

 
8]DNOÕN�PDWULVL�ROXúWXUPD�\|QWHPOHULQGHQ�EDúOÕFDODUÕ�ú|\OH�VÕUDODQDELOLU�� 

x Bray-&XUWLV�IDUNOÕOÕNODU�PDWULVL 
 

x Bray-Curtis karekök yöntemi 
 

x gNOLW�X]DNOÕ÷Õ 
 

x 2UORFL�&KRUG�X]DNOÕ÷Õ 
 

x .L�NDUH�X]DNOÕ÷Õ 
 

x +HOOLQJHU�X]DNOÕ÷Õ 
 

x *RZHU�IDUNOÕOÕN�PDWULVL 
 

x &DQEHUUD�X]DNOÕ÷Õ 
 

x %LQRPLDO�WDEDQOÕ�X]DNOÕN 
 

x .XOF]\QVNL�IDUNOÕOÕNODU�PDWULVL 
 

x McArdle-*RZHU�IDUNOÕOÕNODU�PDWULVL 
 

x 0DQKDWWDQ�X]DNOÕ÷Õ 
 

x -DFFDUG�IDUNOÕOÕNODU�PDWULVL 
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x 0LQNRZVNL�X]DNOÕ÷Õ 
 

x &KHE\VKHY�X]DNOÕ÷Õ 
 

x Cavalli-6IRU]D�YH�(GZDUGV�X]DNOÕ÷Õ 
 

x :ULJKW�X]DNOÕN�|Oo�WOHUL 
 

x Latter X]DNOÕ÷Õ 
 

x 5H\QROGV�X]DNOÕ÷Õ 
 

x 1HL¶QLQ�VWDQGDUW�JHQHWLN�X]DNOÕ÷Õ 
 

x 1HL�PLQLPXP�X]DNOÕN�|Oo�W� 
 

gQFHNL� oDOÕúPDODUGD�MDMR o|]�POHPHOHUL� LoLQ� IDUNOÕ� X]DNOÕN� |Oo�WOHULQLQ�
IDUNOÕ� YDU\DV\RQODU� RUWD\D� oÕNDUGÕ÷Õ� J|U�OP�úW�U�� )DNDW� X]DNOÕN� |Oo�W�� VHoLPLQLQ�
ED÷ÕPVÕ]�GH÷LúNHQOHULQ�PDWULVWHNL�YDU\DV\RQX�DoÕNODPDGD�LVWDWLVWLNVHO�RODUDN�|QHPOL�
ELU�IDUND�QHGHQ�ROPDGÕ÷ÕQÕ�J|VWHUHQ�DUDúWÕUPDODU�\D\ÕQODQPÕúWÕU��$\UÕFD�\LQH�|QFHNL�
oDOÕúPDODUGD� LVWDWLVWLNVHO� J�o� DoÕVÕQGDQ� GD� X]DNOÕN� PDWULVL� |Oo�WOHULQLQ� önemli 
IDUNOÕOÕNODUD� QHGHQ ROPDGÕ÷Õ� J|VWHULOPLúWLU [14, 102, 103]. Yine de matrisin 
ROXúWXUXOPDVÕQGD� YHULOHULQ� |]HOOLNOHUL� YH� DOWHUQDWLI� \|QWHPOHULQ� SHUIRUPDQVODUÕ�
dikkate alÕQPDOÕGÕU�[104].  
 
2.4.  %LSRODU�'DYUDQÕú�%R]XNOX÷X�YH�*HQHWL÷LQH�øOLúNLQ�$UDúWÕUPDODU 

Bipolar bozukluk veya iki uçlu duygu-GXUXP� ER]XNOX÷X�� HVNLGHQ� PDQLN�
GHSUHV\RQ�� PDQLN� DWDN� YH\D� PDQLN� GHSUHVLI� ER]XNOXN� RODUDN� ELOLQHQ� KDVWDOÕNWÕU��
.LúLQLQ�GHSUHVLI�H÷LOLPOHULQ�\R÷XQ�\DúDQGÕ÷Õ�G|QHPOHUOH��WDúNÕQOÕN��FRúNXQOXN�RODUDN�
WDQÕPODQDELOHFHN� PDQL� G|QHPOHUL� \DúDGÕ÷Õ� GX\JX-GXUXP� ER]XNOXNODUÕ� VÕQÕIÕQÕ�
WDQÕPOD\DQ� WDQÕVDO� NDWHJRULGLU��%LSRODU�ER]XNOXN��NLúLQLQ� \DúDP�NDOLWHVLQL� HWNLOH\HQ�
YH�VÕNOÕNOD�GD�KD\DWL�WHKOLNH�DU]�HGHELOHQ�ELU�KDVWDOÕNWÕU. Bozukluk, önemli morbidite 
YH� PRUWDOLWH\H� QHGHQ� ROXS� �LQWLKDU� JLULúLPOHUL� EDúWD� ROPDN� �]HUH�� WRSOXPVDO� YH�
PHVOHNL� LúOHYOHUL� HWNLOH\HUHN� ERúDQPD�� LúVL]OLN�� \DúDP� NDOLWHVLQGH� D]DOPD� JLEL�
olumsuz sonuçlara neden olabilmektedir [105]. DSM-IV (Diagnostic and Statistical 
Manual of Mental Disorders – IV) DGOÕ�WDQÕ�YH�LVWDWLVWLN�NULWHUL�LOH�WHúKLV�NRQXU�[105, 
106]. 

%LSRODU� GDYUDQÕú� ER]XNOX÷X�� \�NVHN� GHUHFHGH� NDOÕWÕPVDO� WHPHOL� RODQ�
SVLNL\DWULN�ELU�KDVWDOÕNWÕU������\�]\ÕOÕQ�EDúODUÕQGDQ�LWLEDUHQ�\�U�W�OHQ�DUDúWÕUPDODU�YH�
LNL]OHUOH� JHUoHNOHúWLULOHQ� ELOLPVHO� oDOÕúPDODU� J|VWHUPLúWLU� NL� EDúWD� ELSRODU� ER]XNOXN�
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olmak üzere biUoRN�PHQWDO�UDKDWVÕ]OÕN�DLOH�G�]H\LQGH�EHOLUJLQGLU�YH�NDOÕWVDO�ELU�WHPHOH�
sahiptirler [107, 108]. %LSRODU� ER]XNOXN� WDQÕVÕ� DOPÕú� NLúLOHULQ� ���-��
ÕQGD� DLOHGH�
bipolar ve\D� PDM|U� GHSUHV\RQ� |\N�V�� YDUGÕU [109]. %LSRODU� ER]XNOX÷XQ� genel 
SRS�ODV\RQGD� J|U�OPH� VÕNOÕ÷Õ� oHúLWOL� oDOÕúPDODUGD� ��� LOH� ��� FLYDUÕQGD� UDSRU�
edilmektedir [5, 109]. 2UWDODPD� EDúODPD� \DúÕ� ��
GLU� (UNHN� YH� NDGÕQODUGD� J|U�OPH�
VÕNOÕ÷Õ� EHQ]HUGLU� $%'¶GH� ��� \Dú� YH� �VW�QGHNL� \DNODúÕN� ���� PLO\RQ� ELUH\�
�SRS�ODV\RQXQ�����¶VÕ�� KDVWDOÕNWDQ� HWNLOHQPHNWHGLU [106, 110, 111]. $\UÕFD� ELULQFL�
GHUHFHGHQ� ELSRODU� ER]XNOXN� KDVWDVÕ� DNUDEDVÕ� RODQ� ELSRODU� WDQÕVÕ� DOPÕú� ELUH\OHUGH�
morbidite riskinin %10-���DUDVÕ�ROGX÷X�J|VWHULOPLúWLU�[112].  

(Q� ND\GD� GH÷HUOHUL� ELSRODU� ,� YH� ELSRODU� ,,� ER]XNOXN� ROPDN� �]HUH�� ELUNDo�
ELSRODU�ER]XNOXN�WLSL�WDQÕPODQPÕúWÕU��*HQHOOLNOH�UDKDWVÕ]OÕN�GHSUHV\RQ��PDQL��ELSRODU�
I) veya hipomani (bipRODU� ,,�� YH\D� NDUPD� GHSUHV\RQ� YH� PDQL� DWDNODUÕ\OD�
NDUDNWHUL]HGLU�� $WDNODUÕQ� VÕNOÕ÷Õ� KDVWDGDQ� KDVWD\D� GH÷LúPHNOH� ELUOLNWH�� ED]Õ� KDVWDODU�
VÕN�VÕN�DWDNODU�JHoLUHELOPHNWHGLUOHU��KÕ]OÕ�G|QJ�VHOOLN��[113]. 

%LSRODU� ER]XNOXN� WDQÕVÕ� DOPÕú� ELUH\OHUGH� PDQL� DWDNODUÕQGDQ� oRN� GHSUHV\RQ�
J|]OHQPHNWHGLU�� %X� QHGHQOH� XQLSRODU� GHSUHV\RQ� LOH� NDUÕúWÕUÕODUDN� \DQOÕú�
WDQÕODQDELOPHNWHGLU�� %X� KDWDOÕ� WDQÕ�� VHPSWRPODUÕ� NRQWURO� DOWÕQD� DOPDGD� \HWHUVL]OL÷H�
neden olmakla birlikte, ayQÕ�]DPDQGD�KDVWDOÕ÷Õ�N|W�OHúWLUHELOHQ�DQWLGHSUHVDQ�WHGDYLVL�
NXOODQÕPÕQD�GD�\RO�DoDELOPHNWHGLU�[113].  

+DVWDOÕ÷ÕQ�'60-,9� NULWHUOHULQH� J|UH� DQD� ELOHúHQOHUL�PDQLN� GHSUHVLI� DWDNODU��
manik ataklar hipomanLN�DWDNODU�YH�NDUPD�DWDNODUGÕU�� 

Majör depresif ataklar 2 hafta boyunca depresif duygu-durum, ilgisizlik veya 
KLoELU� úH\GHQ� ]HYN� DOPDPD� úHNOLQGH� WDQÕPODQPDNWDGÕU�� 7DEOR\D� LúWDK� YH� EHGHQ�
D÷ÕUOÕ÷ÕQGD� GH÷LúLNOLN�� X\NX� ER]XNOXNODUÕ�� SVLNRPRWRU� DMLWDV\RQ� YH\D� Ssikomotor 
JHOLúPH� JHULOL÷L�� ELWNLQOLN� YH\D� HQHUML� ND\EÕ�� VXoOXOXN�� NRQVDQWUDV\RQGD� D]DOPD��
\LQHOHQHQ� |O�P� YH\D� LQWLKDU� VDSODQWÕVÕ� JLEL� VHPSWRPODU� HúOLN� HWPHNWHGLU�� 0DM|U�
GHSUHVLI� DWDN� �� D\GDQ� X]XQ� V�UHELOLU�� %X� GXUXPGDNL� KDVWDODU�� EHOLUJLQ� LúOHYVHO�
bozukluNODU�� NHQGLQL� GH÷HUVL]� KLVVHWPH� VDSODQWÕVÕ�� LQWLKDU� G�ú�QFHVL�� SVLNRWLN�
semptomlar veya psikomotor gerileme gösterebilirler. Yine de bipolar olgularda 
J|U�OHQ� EX� GXUXP�� XQLSRODU� GHSUHV\RQGD� EHQ]HUOHUL� J|U�OHQ� KDVWDOÕN� VH\ULQGHQ� L\L�
D\ÕUW�HGLOPHOLGLU�[113]. 

0DQLN� DWDNODU� �� KDIWDGDQ� X]XQ� V�UHQ� �YH\D� KDVWDQH\H� \DWÕú� JHUHNWLUHFHN�
VHYL\HGHQ�GDKD�NÕVD�V�UHOL��EHOLUJLQ��QRUPDO�GÕúÕ��V�UHNOL�NH\LIOL��WDúNÕQ�YH\D�KX]XUVX]�
PL]DoOÕ�� �VW�QO�N� GX\JXVX�� X\NXVX]OXN� NÕVÕN� NRQXúPD�� NDUPDúÕN� G�ú�QFHOHU��
LOJLVL]OLN�� DMLWDV\RQ��DFÕ� VRQXoODUD� \RO�DoDELOHQ�KHGHIOHUH�\|QHOLN�GDYUDQÕúODUGD�DUWÕú�
�oÕOJÕQFD� SDUD� KDUFDPDN�� X\JXQVX]� FLQVHO� \DúDP� JLEL�� úHNOLQGH� WDQÕPODQPDNWDGÕU��
+LSRPDQLN� DWDNODU� D÷ÕU� GHUHFHGH� ROPD\ÕS� VRV\DO� YH\D PHVOHNVHO� LúOHYVHOOLNWH�
ER]XOPD� YH� SVLNRWLN� |]HOOLNOHU� J|VWHUPHPHNWH� YH� KDVWDQH\H� \DWÕúÕ�
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gerektirmemektedirler. Karma ataklar en az 1 hafta süren ve hemen hemen her gün 
KHP�PDQLN�KHP�GH�GHSUHVLI�VHPSWRPODUÕQ�YDUOÕ÷Õ\OD�WDQÕPODQPDNWDGÕU�[113]. 

Bipolar I bozukluk, her zaman olmasa bile, genellikle majör depresif 
VHPSWRPODUÕQ� HúOLN� HWWL÷L� ELU� YH\D� ELUGHQ� ID]OD� VD\ÕGD� PDQLN� YH\D� NDUPD� DWDNOD�
karakterizedir. Hastalar psikotik semptomlar da gösterebilirler. Bipolar II bozukluk 
HQ� D]ÕQGDQ� ELU� KLSRPDQLN� DWDNOD� �PDQLN� YH� NDUPD� DWDNODU� GÕúÕQGD�� NDUDNWHUL]HGLU��
%LSRODU� ER]XNOXN� LOH� PDM|U� GHSUHVLI� ER]XNOXN� DUDVÕQGDNL� DQD� IDUNOÕOÕN�� PDQL� YH\D�
KLSRPDQLQLQ� YDUOÕ÷Õ� YH\D� \RNOX÷XGXU�� øNL� ER]XNOX÷XQ� WHGDYL� \DNODúÕPODUÕ� EHOLUJLQ�
GHUHFHGH�IDUNOÕ�ROGX÷XQGDQ��EX�D\UÕP�|QHPOLGLU�[113]. 

(úOLN� HGHQ� SVLNL\DWULN� UDKDWVÕ]OÕNODU� ELSRODU� ER]XNOX÷X� GDKD� NDUPDúÕN� KDOH�
JHWLUHELOLU� YH� NOLQLN� \DNODúÕPÕ� ]RUODúWÕUDELOLU�� %X� UDKDWVÕ]OÕNODU� DUDVÕQGD� NLúLOLN�
ER]XNOXNODUÕ�� DONRO� YH� PDGGH� ED÷ÕPOÕOÕ÷Õ� YH\D� N|W�\H� NXOODQÕPÕ� DQNVL\HWH�
ER]XNOXNODUÕ�GD�\HU�DODELOLU��%LU�DUDúWÕUPDGD��ELSRODU�ER]XNOX÷X�RODQ����KDVWDQÕQ���¶��
������ HQ�E�\�N�RODVÕOÕNOD�|]VHYHUOLN�� VÕQÕUGD�� DQWL� VRV\DO�NLúLOLN�� REVHVLI-kompülsif 
ER]XNOXN�YH\D�NDoÕQPD�GDYUDQÕúÕ�ROPDN��]HUH�HQ�D]ÕQGDQ�ELU�NLúLOLN�ER]XNOX÷X�LoLQ�
WDQÕVDO� NULWHUOHUL� \HULQH� JHWLUPLúOHUGLU� [114]�� %X� ER]XNOXNODU� YH\D� NLúLOLN�
|]HOOLNOHULQLQ�YDUOÕ÷Õ��ELSRODU�ER]XNOX÷X�RODQ�KDVWDODUÕQ�EDúODQJÕo�GXUXPODUÕQD�G|Q�S�
G|QPHGLNOHULQL� EHOLUOHPHNWH� KHNLPOHUL� ]RUOD\DELOPHNWHGLU�� 6HPSWRPODUÕ� WHGDYL 
HGLOHPH\HFHN� NDGDU� NDUPDúÕN� YH\D� úLGGHWOL� RODELOLU��%LSRODU� YH� NLúLOLN� ER]XNOXNODUÕ�
RODQ� NLúLOHUGH� LQWLKDU� ULVNL�� \DOQÕ]� ELSRODU� ER]XNOX÷X� RODQODUD� J|UH� GDKD� \�NVHNWLU�
[113].  

%LSRODU� ER]XNOX÷X� RODQ HULúNLQ� YH� oRFXNODUGD� ELUoRN� EHQ]HU� VHPSWRP�
VDSWDQPDVÕQD� UD÷PHQ�� EX� \Dú� JUXSODUÕQD� |]HO� VHPSWRPODUGD� ELUNDo� DQD� IDUNOÕOÕN�
VDSWDQDELOLU��gUQH÷LQ�oRFXNODUGD�KX]XUVX]OXN���VW�QO�N�NRPSOHNVL�YH\D�FRúNX�GDKD�
VÕN�J|U�OPHNWHGLU�[115]. 

%LSRODU� ER]XNOX÷X� RODQ� NLúLOHUGH� DONRO� YH� PDGGH� N|W�\H� NXOODQÕPÕ� YH\D�
ED÷ÕPOÕOÕ÷Õ� ULVNL� DUWPÕú� ROXS�� ELSRODU� ,� ER]XNOX÷X�RODQODUGD� ULVNLQ����� NDGDU� GDKD�
\�NVHN� ROGX÷X� WDKPLn edilmektedir [116]��+DVWDODU� DONRO� YH\D�PDGGH� NXOODQÕPÕQÕQ�
WHWLNOHGL÷L� GHSUHV\RQODU� YH\D� PDQL\H� EHQ]HU� NOLQLN� UDKDWVÕ]OÕNODU� J|VWHUHELOLUVH� GH��
GDKD� \DNÕQGDQ� LQFHOHPHGH� EX� NLúLOHULQ� JHUoHNWH� ELSRODU� ER]XNOX÷X� ROPDGÕ÷Õ�
DQODúÕODELOLU�[117]. Gerçekten bipRODU�ER]XNOX÷X�RODQ�KDVWDODUGD�\DOQÕ]FD�ELU�GX\JX-
GXUXP�ER]XNOX÷X�VÕUDVÕQGD�YH\D�DWDNODU�VÕUDVÕQGD�DONRO�YH\D�PDGGH�N|W�\H�NXOODQÕPÕ�
VDSWDQDELOLU��$\UÕFD�ELU�DUDúWÕUPDGD�GD�KDVWDQH\H�\DWDQ�YH�oR÷X�ELSRODU�,�ER]XNOX÷X�
RODQ�KDVWDODUÕQ����¶�QH�DQNVL\HWH�ER]XNOXNODUÕ�HúOLN�HWPLúWLU�[118]. 

<DSÕODQ� ELU� GL÷HU� DUDúWÕUPDGD� LVH� LON� NH]� KDVWDQH\H� \DWWÕNWDQ� VRQUD� �� \ÕO�
KDVWDQHGH�NDOPÕú�PDQLN�YH\D�NDUPD�HSL]RWOX�����HULúNLQ�KDVWDQÕQ����¶LQGH���\ÕOGD�
YH� EXQODUÕQ� GD� \DUÕVÕQGD� ���� KDIWDGD� VHQGURPDO� L\LOHúPH� VD÷ODQPÕúWÕU�� +DVWDODUÕQ�
���¶VLQGH�LVH�VHPSWRPDWLN��GH÷HUOHQGLUPH�|OoHNOHUL\OH�|Oo�OHQ�VHPSWRPODU�EHOLUJLQ�
GHUHFHGH� KDILIOHPLúWLU�� G�]HOPH� J|U�OP�úW�U� �PHVOHNVHO� YH� JHQHO� GXUXPGD� KDVWDOÕN�
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|QFHVL�L\LOHúPH�KDOLQH�JHUL�G|Q�ú���6HQGURPDO�G�]HOPH�VD÷ODQGÕNWDQ�VRQUD�KDVWDODUÕQ�
���¶Õ� \HQL� ELU� PDQL� YH\D� GHSUHV\RQ� DWD÷Õ� JHoLUPLú� YH\D� KHUKDQJL� ELU� G�]HOPH�
ROPDNVÕ]ÕQ�KDVWDOÕ÷ÕQ�ID]ODUÕ�GH÷LúLS�GXUPXúWXU�[119]. 

-XGG� YH� DUNDGDúODUÕQÕQ� \DSPÕú� ROGX÷X� ELU� DUDúWÕUPDGD\VD� ELSRODU� ,�
ER]XNOX÷XQ� NURQLN� ELU� VH\LU� L]OH\HELOGL÷L�� RUWDODPD� ��� \ÕOOÕN� L]OHPGH� KDVWDODUÕQ�
���¶VLQLQ� VHPSWRPDWLN� ROGX÷X� J|VWHULOPLúWLU�� 0DQLN-hipomanik semptomlar (%9) 
veya döngüsel ya da karma semptomlara (%6) göre depresif semptomlar (gözlenen 
KDIWDODUÕQ����¶VLQGH��GDKD� VÕN� J|U�OP�úW�U� [120]�� øOHUL\H�G|Q�N�RUWDODPD���� \ÕOOÕN�
L]OHP�V�UHVLQFH�WDNLS�V�UHVLQLQ����¶�QH�YDUDQ�]DPDQ�GLOLPLQGH�ELSRODU�,,�ER]XNOX÷X�
RODQODUGD�EHQ]HU�NDOÕSODU�J|]OHQPLúWLU��%X�oDOÕúPDGD�GD�KLSRPDQLN� ������ G|QJ�VHO�
YH\D�NDUPD������VHPSWRPODUGDQ�oRN��J|]OHP�\DSÕODQ�KDIWDODUÕQ����¶VLQGH��GHSUHVLI�
VHPSWRPODU�J|U�OP�úW�U�[121].  

Çocuklarda ELSRODU�ER]XNOX÷XQ�GR÷DO�VH\UL�ELUD]�IDUNOÕGÕU��(ULúNLQOHUGH��������
D\ODUGD�����YH����\ÕOODUGD�VÕUDVÕ\OD�������������YH����JLEL�\�NVHN�RUDQODUGD�VHQGURPDO�
düzelme görülürken [119]�� HUJHQOLN� |QFHVL� YH\D� HUNHQ� HULúNLQ� G|QHPGH� PDQL�
geçirenlerde bu oranlar çRN�GDKD� G�ú�N� G�]H\OHUGH� EXOXQPXúWXU� [122]. Toplam 86 
KDVWD\Õ� LQFHOH\HQ� ELU� oDOÕúPDGD� �EDúODQJÕoWD� \Dú� RUWDODPDVÕ� �� \ÕO��� VHQGURPDO�
G�]HOPH� RUDQODUÕ� ��� D\ODU� YH� ��� \ÕOODUGD� VÕUDVÕ\OD� DQFDN����� YH����� G�]H\OHULQGH�
EXOXQPXúWXU�[122].  

%LSRODU�ER]XNOXN�LOH�LOJLOL�RQODUFD�\ÕO�V�UHQ�oDOÕúPD�YH�J|]OHPOHU�VRQXFXQGD�
HOGH�HGLOHQ�W�P�EX�ELOJLOHU��JHQHWLN�DODQÕQGDNL�LOHUOHPHOHUOH�ELUOLNWH�RUWD\D�oÕNDQ�\HQL�
DUDúWÕUPD�\DNODúÕPODUÕQÕQ�WHPHOLQL�ROXúWXUPXúWXU��%X�V�UHoWH�KDVWDOÕ÷ÕQ�WDQÕ�NULWHUOHUL�
ELUoRN�NH]�\HQLOHQPLú�YH�WRSOXPODUÕQ�HWQLN�N|NHQOHULQH�LOLúNLQ�|]HOOLNOHUL�V�UHNOL�ELU�
GH÷LúLP� J|VWHUPLúWLU�� Biyoinformatik yöntemlerinLQ� \D\JÕQ� RODUDN� NXOODQÕOGÕ÷Õ�
JHQRPLN� oDOÕúPDODU� |QFHVLQGH� JHQHWLN� HSLGHPL\RORML� \|QWHPOHULQL� WHPHO� DODQ�
\DNODúÕPODU�\ROX\OD�NDOÕWVDO�WHPHOOHUL�RODELOHFHN�ED]Õ�IHQRWLSOHULQ�YDUOÕ÷Õ��KDVWDOÕNODU�
YH\D� |]HOOLNOHU�� WHVSLW� HGLOPH\H� oDOÕúÕOPDNWD\GÕ�� g]HWOH\HFHN� olursak, ikiz 
oDOÕúPDODUÕ��DLOH�D÷DFÕ�oDOÕúPDODUÕ�YH�SRS�ODV\RQ�WHPHOOL�DUDúWÕUPDODU�LOH�KHUKDQJL�ELU�
KDVWDOÕ÷ÕQ� NDOÕWVDO� N|NHQOHUL� ROXS� ROPDGÕ÷Õ� WHVSLW� HGLOHELOL\RUGX�� (Q� oRN� DNWDUÕODQ�
IHQRWLSOHU�LQFHOHQL\RU�YH�JHQHWLN�YH�oHYUHVHO�IDNW|UOHU�DUDVÕQGDNL�HWNLOHúLPOHUOH�LOJLOL�
hipotezler üretilebiliyordu. Bugün majör psikiyatrik bozukluklar için hala 
NXOODQÕOPDNWD�RODQ� WDQÕ�NULWHUOHUL�GH� WHPHO�RODUDN�EHQ]HU� LNL]�YH�DLOH�DUDúWÕUPDODUÕQD�
GD\DQPDNWDGÕU [48]. 

*HQHWLN�DUDúWÕUPDODUÕQ� \R÷XQODúPD\D�EDúODGÕ÷Õ� LON�\ÕOODUGD�ELSRODU�ER]XNOXN�
LOH� LOJLOL� \DSÕODQ� DUDúWÕUPDODUGD� GD� GL÷HU� W�P� KDVWDOÕNODUGD� ROGX÷X� JLEL� oHúLWOL�
NÕVÕWOÕOÕNODU� J|]H� oDUSPDNWDGÕU� [123]�� %X� NÕVÕWOÕOÕNODUÕQ� EDúÕQGD� \HWHUVL]� |UQHNOHP�
E�\�NO�NOHUL�� VWDQGDUW� DUDúWÕUPD� \|QWHPOHULQLQ� JHOLúWLULOHPHPLú� ROPDVÕ� YH� JHQHWLN�
KDULWDODPD�LOH�LOLúNLQ�ELOJLOHULQ�KHQ�]�WDP�úHNLOOHQHPHPLú�ROPDVÕ�JHOPHNWH\GL�[109].  
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%XQXQOD�ELUOLNWH��WHNQRORML�DODQÕQGD�ND\GHGLOHQ�JHOLúPHOHU��PDOL\HWOHULQ�KÕ]OD�
G�úPHVL�� oRN� PHUNH]OL� oDOÕúPDODUÕQ� VD\ÕVÕQGDNL� DUWÕúODU� YH� X\JXODQPD\D� EDúODQDQ�
\HQL� DQDOL]� \|QWHPOHULQLQ� RUWD\D� oÕNÕúÕ� LOH� EX� VRUXQODUÕQ� �VWHVLQGHQ� JHOLQHELOHFH÷L�
RUWD\D� oÕNWÕ�� %X� JHOLúPHOHUOH� ELUOLNWH� |]HOOLNOH� ����� \ÕOÕQGDQ� LWLEDUHQ� NRPSOHNV�
KDVWDOÕNODUÕQ� JHQHWLN� N|NHQOHULQH� LOLúNLQ� GDKD� VWDQGDUW� DUDúWÕUPDODU� \DSÕOPD\D�
EDúODQGÕ�� 2� WDULKOHUGH� |]HOOLNOH� ³RUWDN� KDVWDOÕN� – ortak genetik varyasyon” 
\DNODúÕPÕQGDQ� KDUHNHWOH� ELUoRN� DUDúWÕUPDFÕ� NRPSOHNV� KDVWDOÕNODUD� YH\D� IHQRWLSOHUH�
VDKLS�EHQ]HU�ELUH\OHUGH�JHQHWLN�RODUDN�EHOLUJLQ�EHQ]HUOLNOHU�J|VWHUHQ�YDU\DV\RQODUÕQ�
J|U�OPHVL� JHUHNWL÷LQL� YDUVD\PDNWD\GÕODU� [32-34, 124]. Böylece en sonunda büyük 
|OoHNOL� DUDúWÕUPDODU� \DSÕODUDN� NRPSOHNV� IHQRWLSOHULQ� JHQHWLN� QHGHQLQL� DoÕNOD\DQ�
JHQOHULQ�EXOXQDFD÷Õ�\D�GD�HQ�D]ÕQGDQ�VLVWHPDWLN�PROHN�OHU�DUDúWÕUPDODU�LoLQ�EHOLUJLQ�
EDúODQJÕo� QRNWDODUÕQÕQ� WDQÕPODQDELOHFH÷L� |QJ|U�O�\RUGX�� %LSRODU� ER]XNOXN�
JHQHWL÷LQH�RGDNODQDQ�DUDúWÕUPDODUÕQ�GD�RUWDN�DPDFÕ�EX\GX�[123]. 

Bununla bLUOLNWH��R�WDULKWHQ�VRQUD�VD\ÕVÕ�JLGHUHN�DUWDQ�DUDúWÕUPDODU�VRQXFXQGD�
EX� EHNOHQWLOHULQ� WDP� DQODPÕ� LOH� NDUúÕODQPDGÕ÷Õ� RUWD\D� oÕNWÕ�� dRN� JHQLú� |OoHNOL�
DUDúWÕUPDODU� YH\D� ELUoRN� DUDúWÕUPD\D� DLW� EXOJXODUÕ� ELUOHúWLUPH\L� DPDoOD\DQ� PHWD�
DQDOL]L� X\JXODPDODUÕ� VRQXFXQGD�� EXOJXODUÕQ� |QJ|U�OG�÷�� JLEL� ELUGHQ� oRN� oDOÕúPDGD�
NXYYHWOL� ELU� ELoLPGH� UHSOLNH� HGLOHPHGL÷L� J|U�OG��� +HU� QH� NDGDU� ED]Õ� JHQRP�
E|OJHOHULQLQ��JHQOHULQ�YH\D�613OHU¶LQ�ELUGHQ�oRN�DUDúWÕUPDGD�NRPSOHNV� IHQRWLSOHUOH�
LOLúNLOHQGLULOHELOPHVL�P�PN�Q�ROVD�GD��XPXOGX÷X�JLEL�QHW�YH�WHNUDUODQDELOLU�EXOJXODU�
RUWD\D�oÕNPDPÕúWÕU�[33, 48, 109].  

%|\OHFH� ELUoRN� IDUNOÕ� oDOÕúPD� VRQXFXQGD� IDUNOÕ� DGD\� JHQ� YH� 613OHU� UDSRU�
HGLOPH\H� EDúODQGÕ�� ���� \�]\ÕOÕQ� EDúODUÕQD� NDGDU� JHQHO� KkNLP� J|U�ú� RODQ� ³RUWDN�
KDVWDOÕN�– RUWDN�JHQHWLN�YDU\DV\RQ´� ILNUL�GH�UHYL]H�HGLOPHN�GXUXPXQGD�NDOGÕ��$UWÕN�
NRPSOHNV�KDVWDOÕNODUÕQ�JHQHWL÷LQH�LOLúNLQ�GDKD�EDVNÕQ�\DNODúÕP�³RUWDN�KDVWDOÕN�– çok 
VD\ÕGD�� QDGLU� J|U�OHQ� YDU\DV\RQ´� KLSRWH]L� LOH� LIDGH� HGLOPHNWHGLU� [33, 35, 36]. Yani 
kompleks fenotiplerin bireysel etkileri küçük fakat toplamsal olarak istatistiksel 
DQODPOÕOÕN�J|VWHUHELOHFHN�oRN� VD\ÕGD� JHQHWLN�YDU\DV\RQD�ED÷OÕ� RODUDN�RUWD\D� oÕNWÕ÷Õ�
ILNUL�D÷ÕUOÕN�ND]DQGÕ�[125]. g]HOOLNOH�GH�SVLNL\DWULN�ER]XNOXNODUD�LOLúNLQ�HOGH�HWWL÷LPL]�
ELOJLOHU� J|VWHUPHNWHGLU� NL� KHU� ELUL� J|UHFH� D]� ULVN� HWNLVL� RODQ� oRN� VD\ÕGD� JHQHWLN�
YDU\DV\RQXQ� oHYUHVHO� IDNW|UOHUOH� HWNLOHúLPL�� NDOÕWVDOOÕ÷ÕQ� HQ� temel belirleyicisi 
ROPDNWDGÕU�[48]. 

%XQXQOD�ELUOLNWH��ELSRODU�ER]XNOX÷XQ�JHQHWLN�KHWHURMHQOL÷L�G�ú�Q�OHFHN�ROXUVD�
\�U�W�OHQ� LOLúNL� DUDúWÕUPDODUÕQÕQ� PHYFXW� EXOJXODUÕ� YH� LOHULGH� EHONL� GH� GDKD� E�\�N�
|UQHNOHPOHUOH� JHUoHNOHúWLULOHFHN� DUDúWÕUPDODUÕQ� VRQXoODUÕ� KDOD� E�\�N� |QHP�
WDúÕPDNWDGÕU�� 7�P� EX� EXOJXODUÕ� WRSDUODPDN� YH� |]HOOLNOH� GH� KDVWDODUÕQ� DLOHOHULQGHQ�
GDKD� WLWL]� ELU� úHNLOGH� IHQRWLS� YHULVL elde ederek bu veriler ile genetik bilgileri 
LOLúNLOHQGLUPH\H�oDOÕúPDN�ELSRODU�ER]XNOXN�DUDúWÕUPDODUÕQÕQ�WHPHO�DPDoODUÕQGDQ�ELUL�
olmaya devam etmektedir [109, 126]�� $\UÕFD� Eugün yürütülmekte olan moleküler 
WHPHOOL� JHQHWLN� DUDúWÕUPDODUGD� GD� NDUúÕODúWÕUPD� JUXSODUÕQÕ� X\JXQ� úHNLOGH�
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EHOLUOH\HELOPHPL]� LoLQ� KDOD� NDOLWHOL� HSLGHPL\RORMLN� YHULOHUH� LKWL\Do� GX\XOPDNWDGÕU 
[48]. 

+HU� QH� NDGDU� \XNDUÕGD� EDKVHGLOHQ� ]RUOXNODU� QHGHQL\OH�� ELSRODU� ER]XNOX÷D�
QHGHQ�RODQ�NDOÕWVDO�IDNW|UOHU�\DSÕODQ�KHU�DUDúWÕUPDGD�EHQ]HU�LVWDWLVWLNVHO�DQODPOÕOÕNOD�
UHSOLNH� HGLOHPHPLú� GH� ROVD��konu ilH� LOJLOL� ELUoRN�*:$6�DUDúWÕUPDVÕQGD� \DWNÕQOÕ÷D�
neden olan aday gen ve SNPler’LQ�YDUOÕ÷Õ�GHQH\VHO�RODUDN�NDQÕWODQPÕúWÕU [6, 9, 127-
130]. 

ùX�DQD�NDGDU�ELSRODU�ER]XNOXN�KDVWDODUÕ�LOH�\�U�W�OHQ�*:$6�DUDúWÕUPDODUÕQGD�
ED]Õ� DGD\� JHQOHULQ� YDUOÕ÷ÕQGDQ� V|]� HGLOHELOPHNWHGLU� [5-10, 50]. Bu genlerden 
EDúOÕFDODUÕ '*.+�� &$&1$�&� YH� $1.�� JHQOHUL� ROXS� oHúLWOL� DUDúWÕUPDODUGD� EX�
JHQOHULQ�JHQRP�oDSÕQGD�DQODPOÕ�ROGXNODUÕ� WHNUDUOÕ�ELoLPGH�J|VWHULOHELOPLúWLU� [5-12]. 
'*.+�JHQL�NURPR]RP���T��¶�Q�ELSRODU�LOLúNL�E|OJHVLQGH�\HU�DOÕU�YH�GLDoLO�JOLVHURO�
kinaz eta proteininin üretimini kodlamakla görevlidir. Bu protein lityuma GX\DUOÕ�
IRVIDWLGLO� LQRVLWRO� \ROD÷ÕQGD� DQDKWDU� J|UHY� �VWOHQPHNWHGLU�� &$&1$�&� JHQL� YROWDMD�
ED÷ÕPOÕ� NDOVL\XP� NDQDOÕQÕQ� ELU� DOID-1 alt ünitesini kodlamakla sorumludur. ANK3 
geni ise ankrin-G’yi kodlar. Bu büyük protein, nöral-VSHVLILN� L]RIRUPODUÕ� DNVRQDO�
EDúODQJÕo� VHJPHQWLQGH� YH� 5DQYLHU� QRGODUÕQGD� \HU� DOÕU� YH� L\RQ� NDQDOODUÕ� LOH� K�FUH�
DGH]\RQ�PROHN�OOHULQLQ�GHYDPOÕOÕ÷ÕQÕ�VD÷ODU�[109] 

%LSRODU� ER]XNOXN� LOH� LOJLOL� úX� DQD� NDGDU� \�U�W�OP�ú� RODQ� *:$6�
DUDúWÕUPDODUÕQÕQ�RUWD\D�oÕNDUGÕ÷Õ�ED]Õ�|QHPOL�EXOJXODU�ú|\OH�VÕUDODQDELOLU�[109]: 

x %LSRODU� ER]XNOXN�� SROLJHQLN� ELU� KDVWDOÕNWÕU�� Yani her bir lokusun 
KDVWDOÕN�ULVNLQH�NDWNÕVÕ�J|UHFH�G�ú�Ntür. Hasta bireylerde risk allelleri 
NRQWUROOHUH� NÕ\DVOD� DQODPOÕ� PLNWDUGD� ID]ODGÕU�� 'ROD\ÕVÕ\OD� KDVWDOÕN�
ULVNL�� WDúÕQPDNWD� RODQ� ULVN� DOOHOOHULQLQ� PLNWDUÕQD� ED÷OÕ� RODUDN� DUWÕú�
gösterebilmektedir. 
 

x *:$6�LOH�EXOXQDFDN�HQ�DoÕNOD\ÕFÕ�EXOJXODUÕQ�|QFHGHQ��]HULQGH�oRNoD�
oDOÕúÕOPÕú�RODQ�JHQOHUGHQ�ELULVL�ROPDVÕ�úDUW�GH÷LOGLU��d�QN��EX�ú�SKHOL�
JHQOHU� JHQHOOLNOH� \D� VLQLUVHO� LOHWLP� LOH� LOJLOL� KLSRWHWLN�QHGHQVHOOL÷H� \D�
GD� LOLúNL� oDOÕúPDODUÕQÕQ� EXOJXODUÕQD� J|UH� EHOLUOHQPLúOHUGLU� YH� \HQL�
DUDúWÕUPD�EXOJXODUÕ�EDNÕPÕQGDQ�NHVLQ�ED÷OD\ÕFÕOÕNODUÕ�\RNWXU�� 
 

x *HQHOOLNOH�*:$6�DUDúWÕUPDODUÕQGD�X\JXODQDQ�ELU�\|QWHP�RODQ�³EHOLUOL�
VD\ÕGDNL� HQ� DQODPOÕ� EXOJX\X� GH÷HUOHQGLUPH´� VWUDWHMLVL� ELUoRN�
kompleks KDVWDOÕNWD� ROGX÷X� JLEL� ELSRODU� ER]XNOXNWD� GD� \HWHUOL�
ROPD\DELOLU��<DQL�ELU�*:$6�DUDúWÕUPDVÕQGD�NDEXO�HGLOHQ� LVWDWLVWLNVHO�
DQODPOÕOÕN� VÕQÕUÕ� ULVN� JHQOHULQLQ� YH� SROLPRUIL]POHULQ� EHOLUOHQPHVLQGH�
ED]HQ� QHJDWLI� HWNL� J|VWHUHELOPHNWHGLU�� <DSÕODQ� PHWD� DQDOL]L�
araúWÕUPDODUÕ� J|VWHUPHNWHGLU� NL�� WHN� EDúODUÕQD� GH÷HUOHQGLULOHQ�*:$6�
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DUDúWÕUPDODUÕQGD� \�NVHN� G�]H\GH� DQODPOÕ� ROPD\DQ� ORNXVODU�� ELUGHQ�
oRN� oDOÕúPD� RUWDN� GH÷HUOHQGLULOGL÷LQGH� |QHPOL� ELU� EXOJX\D�
G|Q�úHELOPHNWHGLU��'ROD\ÕVÕ\OD� EHQ]HU� oDOÕúPDODUÕQ� W�P�� J|]HWLOHUHN�
G�ú�Q�OHFHN�LVWDWLVWLNVHO�DQODPOÕOÕN�G�]H\L�EHONL�GH�NRPSOHNV�JHQHWLN�
|]HOOLNOHULQ�DQODúÕOPDVÕ�LoLQ�GDKD�GH÷HUOL�RODELOLU�[131]. 
 

x %LSRODU� ER]XNOXN� JLEL� NRPSOHNV� KDVWDOÕNODUGD� DOOHOLN� KHWHURMHQLWH�
önemli bir faktör olabilir. Allelik heterojenite; herhangi bir fenotipe 
ELU� JHQ� �]HULQGHNL� IDUNOÕ� DOOHOOHULQ� QHGHQ� RODELOHFH÷LGLU�� %X� NDvram, 
kistik fibrozis [132] YH�%5&$����LOH�LOLúNLOL�PHPH�NDQVHUL�[133] gibi 
monogeQLN� KDVWDOÕNODUGD� QHW� úHNLOGH� J|]OHQHELOPHNWHGLU�� g]HOOLNOH�
$1.�� JHQL� YH� ELSRODU� ER]XNOXN� LOLúNLVL� G�ú�Q�OG�÷�QGH�� oHúLWOL�
VD\ÕGD� DOOHOLQ� YH� KDSORWLSLQ� ED÷ÕPVÕ]� ULVN� IDNW|UOHUL� RODELOGL÷L�
J|]OHQPLúWLU�[5, 12]. 
 

x 'L÷HU�W�P�NRPSOHNV IHQRWLSWH�GH�J|U�OG�÷��JLEL��ELSRODU�ER]XNOXN�LOH�
LOJLOL� *:$6ODU� VRQXFXQGD� EHOLUOHQHELOHQ� YDU\DV\RQODUÕQ� GD� JHQHWLN�
GH÷LúNHQOLN�DoÕVÕQGDQ�VDGHFH�N�o�N�\�]GHOHUOH�HWNL�J|VWHUGLNOHUL�QHWOLN�
ND]DQPÕúWÕU�� %X� NDYUDPD� ³HNVLN� JHQHWLN� DNWDUÕODELOLUOLN´� DGÕ�
verilmektedir [134]�� $\UÕFD� HSLJHQHWLN� NDYUDPÕQÕQ� GD� EX� QRNWDGD�
|QHP�ND]DQGÕ÷Õ�J|Uülmektedir [101]. 

 3RVWPRUWHP�EH\LQ�|UQHNOHULQGHQ�DOÕQDQ�GRNXODUOD�JHUoHNOHúWLULOHQ�PLNURGL]L�
DQDOL]OHUL� WHPHOOL� DUDúWÕUPDODU� GD� EXOXQPDNWDGÕU�� +HU� QH� NDGDU� ED]Õ� 613� YH� JHQOHU�
ELUGHQ� oRN� oDOÕúPDGD� UHSOLNH� HGLOHELOVH� GH�� ELSRODU� GDYUDQÕú� ER]XNOX÷XQD� LOLúNLQ�
genetik risk faktörleri hala tam olarak ortaya konulaPDGÕ÷Õ� V|\OHQHELOLU� [106, 135, 
136]�� %XQXQ� QHGHQL� EX� Q|URSVLNLDWULN� KDVWDOÕ÷ÕQ� SROLJHQLN� \DSÕVÕ�� IHQRWLSLN�
NRPSOHNVLWHVL� YH� KHWHURMHQOL÷L� RODELOLU [106]. Fakat GWAS ile gen ekspresyonu 
verilerinin HQWHJUH� HGLOHELOHFH÷L� YH� \HQL� QHVLO� VHNDQVODPD� WHNQRORMLOHULQLQ� GH�
NXOODQÕODFD÷Õ� oDOÕúPDODUOD� EX� NRQXGDNL� ELOJL� ELULNLPLQLQ� DUWDFD÷Õ� |QJ|U�Omektedir 
[106]. 
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GEREÇLER VE YÖNTEMLER 

 
 

3.1.  Veri Seti 
 $UDúWÕUPDGD� NXOODQÕODQ� YHUL� VHWL�� GRNWRUD� WH]� oDOÕúPDVÕ� GkKLOLQGH� LúELUOL÷L�
\�U�W�OHQ� DNDGHPLN� NXUXPODUÕQ� GHVWH÷L� YH� RUWDN� oDOÕúPD� JLULúLPOHUL� VRQXFXQGD�
PHYFXW� DUDúWÕUPD\Õ� GHVWHNOHPHN� DPDFÕ\OD� VD÷ODQPÕúWÕU�� 9HUL� VHWL� $%'¶GH�
ROXúWXUXOPXú� YH� oHúLWOL� ELOLPVHO� DUDúWÕUPD� SURMHOHUL� LoLQ� EHOLUOi akademik izinler 
GkKLOLQGH� DUDúWÕUPDFÕODUÕQ� NXOODQÕPÕQD� VXQXOPDNWDGÕU�� ùX� DQ� LWLEDUÕ� LOH� EDKVHGLOHQ�
akademik izin süreçleri de yerine getirilerek veri üzerinde yeni yöntem 
X\JXODPDODUÕQD�GHVWHN�YHULOPHNWHGLU�� 
  
 $%'¶GH�VD÷OÕN�DODQÕQGDNL�ELOLPVHO�DUDúWÕUPDODUÕ�GHVWHNOH\HQ�YH�RUJDQL]H�HGHQ�
HQ�E�\�N�NXUXP�RODQ�1DWLRQDO� ,QVWLWXWH�RI�+HDOWK��1,+��E�Q\HVLQGH�NXUXOPXú�RODQ�
The National Center for Biotechnology �1&%,��WDUDIÕQGDQ�oHYULPLoL�VXQXODQ�E�\�N�
YHUL� WDEDQODUÕQGDQ�ELULVL� RODQ�GE*$3� �The database of Genotypes and Phenotypes) 
E�Q\HVLQGH�oDOÕúPDPÕ]D�VXQXODQ�YHUL\H�HULúLP�P�PN�QG�U�[78].  
 
 9HUL�VHWLQLQ�oDOÕúPDGD�NXOODQÕODQ�UDILQH�HGLOPLú�KDOLQH�LOLúNLQ�KDVWD�YH�NRQWURO�
VHoLP� \|QWHPOHUL�� NOLQLN� GH÷HUOHQGLUPH�� JHQRWLSOHPH� YH� NDOLWH� NRQWURO�� JLEL�
EDVDPDNODUÕ� DúD÷ÕGD� |]HWOHQPLúWLU�� %X� \|QWHPOHU� 6PLWK� YH� DUNDGDúODUÕQÕQ�
oDOÕúPDVÕQGD�GHWD\ODQGÕUÕOPÕúWÕU�[5].  
 
3.1.1.  %LSRODU�%R]XNOXN�+DVWDODUÕ 
 %X�KDVWDODU�$%'¶GH�X]XQ�V�UHGLU�JHQHWLN�oDOÕúPDODUD�GHVWHN�YHUHQ�1DWLRQDO�
+XPDQ� *HQRPH� 5HVHDUFK� ,QVWLWXWH� E�Q\HVLQGH� NXUXOPXú� RODQ� The Genetic 
Association Information Network (GAIN) oDOÕúPD�JUXEXQXQ�NROODUÕQGDQ�ELULVL�RODQ�
Bipolar Konsorsiyumu’nun 1991 senHVLQGHQ� EHUL� $PHULND¶GD� \�U�WW�÷�� oDOÕúPD�
VRQXFXQGD� EHOLUOHQPLú� KDVWDODUGÕU� [78]�� +DVWD� ELUH\OHULQ� WRSODQPDVÕ� WRSODP� ��
EDVDPDNWD� JHUoHNOHúPLúWLU�� øON� G|UW� EDVDPDNWD� ED÷ODQWÕ� �OLQNDJH�� oDOÕúPDODUÕ� LoLQ�
WRSODQDQ� DLOHOHU� YDUGÕU�� %HúLQFL� EDVDPDNWD� LVH� JHQLú� |OoHNOL� LOLúNL� oDOÕúPDODUÕ� LoLQ�
WRSODQPÕú�RODQ�YH�|QFHNL�WRSODQDQ�ELUH\OHU�LOH�DNUDEDOÕNODUÕ�ROPD\DQ�KDVWDODU�YDUGÕU�� 
 
 Bu basamaklardan 1-��DUDVÕQGDNLOHU�ELSRODU�DLOHOHU�YHUL�VHWLQL�ROXúWXUPDNWDGÕU�
YH�WRSODP�����VR\D÷DFÕQGDQ��SHGLJUHH� 2.936 adet birey toplDQPÕúWÕU��%X�ELUH\OHULQ�
RUWDN� |]HOOL÷L�� NHQGLOHULQLQ� %LSRODU� ,� �%3,�� WDQÕVÕ� DOPÕú� ROPDODUÕ� YH� HN� RODUDN� GD�
VR\D÷DoODUÕQGD� HQ� D]� ELU� DGHW� ELULQFL� GHUHFHGHQ� %3,� \D� GD� ELSRODU� WLS� úL]RDIIHNWLI�
ER]XNOXN��6$%3�� WDQÕVÕ�DOPÕú�\DNÕQODUÕQÕQ�EXOXQPDVÕGÕU��%L]LP�oDOÕúPDPÕ]� LoLQ�EX�
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ROJXODU� DUDVÕQGDQ� EHOLUOL� |]HOOLNOHUH� VDKLS� ELU� DOW� JUXS� EHOLUOHQPLúWLU�� %X�
VR\D÷DoODUÕQGDQ� ROXúDQ� JUXS� LoHULVLQGHQ�Diagnostic DSM-IV kriterlerine uygun ve 
ELUELUL�LOH�LOLúNLOL�ROPD\DQ�%3,�WDQÕVÕ�DOPÕú�ELUH\OHU�VHoLOPLúWLU��%X�VHoLP�VRQXFXQGa 
���YH����%DVDPD÷D�DLW� WRSODP�����DGHW� DNUDED�ROPD\DQ�ELUH\H� HULúLOPLúWLU�� ��� YH����
%DVDPDNWDQ�LVH�����ELUH\�VHoLOPLúWLU��$UDúWÕUPDQÕQ�VRQ�EDVDPD÷ÕQGDQ�LVH�WRSODP�����
YDND� oDOÕúPDPÕ]D� GkKLO� HGLOPLúWLU�� %X� VD\HGH� WRSODPGD� ������ DGHW� KDVWD\D�
XODúÕOPÕúWÕU��%X�KDVWDODUÕQ�RUWDN�|]HOOL÷L�ELUELUOHUL�LOH�DNUDEDOÕN�LOLúNLOHULQLQ�ROPDPDVÕ�
YH� $YUXSD� N|NHQOL� $PHULNDOÕODU� ROPDODUÕGÕU�� .LúLOHULQ� $YUXSD� N|NHQOL� $PHULNDOÕ�
ROXS�ROPDGÕNODUÕQD�EDNÕOÕUNHQ�NHQGL�LIDGHOHULQH�YH�KHP�DQQH�KHP�GH�EDED�WDUDIÕQGDNL�
dört büyükanne ve E�\�NEDEDODUÕQÕQ� KHSVLQLQ� ELUGHQ� $YUXSD� N|NHQOL� $PHULNDOÕ�
ROPDODUÕQD� EDNÕOPÕúWÕU�� 7RSODP� ������ YDNDQÕQ� ���¶L� %3,� WDQÕVÕ� DOPÕúODUNHQ� JHUL\H�
NDODQ���¶VL�LVH�6$%3�WDQÕVÕ�DOPÕúODUGÕU� 
 
3.1.2.  Kontroller 
 .RQWURO� ELUH\OHUL� 'U�� 3DEOR� *HMPDQ� |QF�O�÷�QGH� YH� .QRZledge Networks 
Inc. kurumunun The National Institute of Mental Health (NIMH) WDUDIÕQGDQ�
GHVWHNOHQHQ� oDOÕúPDVÕ� VRQXFXQGD� WRSODQDQ� ELUH\OHU� DUDVÕQGDQ� VHoLOPLúOHUGLU�� %X�
oDOÕúPDGD�$PHULND�%LUOHúLN�'HYOHWOHUL�JHQHOLQGH�WRSODP�������DGHW�J|Q�OO��ELUH\�ELU�
WÕEEL�DQNHW�DPDFÕ\OD�NDQ�|UQHNOHUL�YHUPH\L�NDEXO�HWPLúOHUGLU��%X�ELUH\OHU�DUDVÕQGan 
SVLNL\DWULN� DQNHW� E|O�P�Q�� WDPDPÕ\OD� GROGXUDQ� YH� SVLNR]� YH\D� ELSRODU� ER]XNOXN�
|\N�V�� \DúDPDGÕNODUÕQÕ� UDSRU� HGHQ� ELUH\OHU� oDOÕúPDPÕ]D� GkKLO� HGLOPLúOHUGLU��
7RSODPGD� ������ DGHW� $YUXSD� N|NHQOL� $PHULNDOÕ� ELUH\� DUDúWÕUPDPÕ]GD� NRQWURO�
JUXEXQX�ROXúWXUPXúWXU�� 
 
3.1.3. .OLQLN�'H÷HUOHQGLUPH 
 Tüm hasta bireyler ile Diagnostic Interview for Genetic Studies (DIGS 
9HUVLRQ� ����� WHPHOOL� J|U�úPHOHU� G�]HQOHQPLúWLU� [137]. DIGS, posttravmatik stres 
ER]XNOX÷X� YH� \HWLúNLQOHUGH� GLNNDW� HNVLNOL÷L� ER]XNOX÷X� JLEL� NRQXODUGD� HN� YHULOHU�
WRSODPDN� YH� ELSRODU� ER]XNOX÷D� LOLúNLQ� \HQL� IHQRWLSLN� |]HOOLNOHU� HNOH\HELOPHN�
DPDFÕ\OD�UHYL]H�HGLOPLúWLU��$\UÕFD�NXOODQDFDN�RODQ�NOLQLV\HQLQ�WDQÕ�NR\PD�V�UHFLQGH�
çok sayda fenotipik göstergeQLQ�EXOXQPDVÕ�GXUXPXQGD� \DUJÕVÕQÕ� NROD\ODúWÕUDELOPHN�
DPDFÕ\OD� GD� GH÷LúLNOLNOHU� \DSÕOPÕúWÕU�� %X� HN� ELOJLOHULQ� DUDVÕQGD� EDúODQJÕo� \DúÕ��
GHSUHV\RQ� HSLVRGX� VD\ÕVÕ�� KLSRPDQL� YH� PDQL�� PDGGH� ED÷ÕPOÕOÕ÷Õ� YH� SVLNR]OD� LOJLOL�
JHoLFL� GX\JXGXUXP� ER]XNOXNODUÕ� YH� DLOH� |\N�V�� |]HWL� JLEL� ELOJLOHU� EXOXQPDNWDGÕU��
7�P� J|VWHUJHOHU� X]PDQ� ELU� NOLQLV\HQ� WDUDIÕQGDQ� �JHQHOOLNOH� SVLNLDWULVW��
GH÷HUOHQGLULOPLúWLU�� %X� V�UHoWH� HOGHNL� W�P� ELOJLOHUH�� KDVWDODUÕQ� VD÷OÕN� ND\ÕWODUÕQD��
J|U�úPH�\DSDQ�NLúLQLQ�J|]OHPOHULQH�YH�',*6�FHYDSODUÕQD�GLNNDW�HGLOPLúWLU�� 
 
3.1.4.  Genotipleme ve Kalite Kontrolü 
 $OÕQDQ�|UQHNOHUOH�JHUoHNOHúWLULOHQ�JHQRWLSOHPH�The Broad Institute Center for 
Genotyping and Analysis E�Q\HVLQGH� JHUoHNOHúWLULOPLúWLU�� �*HQRWLSOHPH�Affymetrix 
Genome-Wide Human SNP Array 6.0 NXOODQÕODUDN� \DSÕOPÕúWÕU�� .DOLWH� NRQWURO�
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VRQXFXQGD� ���¶QÕQ� DOWÕQGD� JHQRWLSOHQGL÷L� J|U�OHQ� |UQHNOHU� WHNUDU� JHQRWLSOHPH�
V�UHFLQH� VRNXOPXúWXU�� %HOOL� EDúOÕ� ED]Õ� NDOLWH� PHWULNOHULQH� X\JXQOXN� J|VWHUPH\HQ�
|UQHNOHU�oDOÕúPD�GÕúÕQGD�WXWXOPXúWXU��%X�PHWULNOHUGHQ�ED]ÕODUÕ�� 

x G�ú�N�oD÷UÕ�RUDQÕ��FDOO�UDWH� �|UQHN�EDúÕQD�oD÷UÕODQ�613�VD\ÕVÕQÕQ�YHUL�
VHWLQGHNL�WRSODP�613�VD\ÕVÕ�LoLQGHNL�\�]GHVL��������¶LQ�DOWÕQGD\VD� 
 

x DúÕUÕ�\�NVHN�\D�GD�G�ú�N�KHWHUR]LJRWOXN��������YH�������DUDVÕ� 
 

x rapor HGLOHQ� FLQVL\HW� LOH� JHQHWLN� DQDOL]OH� EHOLUOHQHQ� FLQVL\HW� DUDVÕ�
uyumsuzluk.  

$\UÕFD�DUDúWÕUPD\D�GkKLO�HGLOHELOPHOHUL� LoLQ�613OHU¶LQ�GH�ED]Õ�NDOLWH�NRQWURO�
|Oo�WOHULQL�VD÷ODPDODUÕ�LVWHQGL��%X�|Oo�WOHU� 

x PLQ|U�DOOHO�IUHNDQVÕQÕQ�����¶GHQ�ID]OD�ROPDVÕ 
 

x oD÷UÕ�RUDQÕQÕQ����¶LQ��VW�QGH�ROPDVÕ 
 

x NRQWURO�|UQHNOHULQGH�613¶LQ�+DUG\�:HLQEHUJ�HúLWOL÷LQL�(p < 1 x 10-6) 
G�]H\LQLQ�DOWÕQGD�NDOPD\DFDN�úHNLOGH�VD÷ODPDVÕ 

 
x HQ�ID]OD���0HQGHO\HQ�KDWDQÕQ�J|U�OPHVL 

 
x WHNUDUODQDQ�|UQHN�|Oo�POHULQGH�ELUGHQ�oRN�X\XúPD]OÕN�J|U�OPHPHVL� 

Bütün bu genotipleme vH� NDOLWH� NRQWURO� DúDPDODUÕQÕQ� DUdÕQGDQ� WRSODPGD�
724.067 DGHW�613�DUDúWÕUPD\D�NDWÕOPÕúWÕU�� 

 
3.2.  øVWDWLVWLNVHO�<|QWHPOHU 
 
3.2.1. *HQRP�dDSÕQGD�øOLúNL�$UDúWÕUPDVÕ� 
 $UDúWÕUPDQÕQ� EX� E|O�P�QGH� ELSRODU� ER]XNOXN� KDVWDVÕ� RODQ� ������ ELUH\� LOH�
NRQWURO� JUXEXQGDNL� ������ ELUH\� DUDVÕQGD� 613� G�]H\LQGHNL� RODVÕ� IDUNOÕOÕNODU�
LQFHOHQPLúWLU��7�P�NDOLWH�NRQWURO�V�UHoOHUL�VRQXFXQGD�DQDOL]H�JLUHQ� WRSODP���������
DGHW�613�LQFHOHQPLúWLU�� 
 
 $QDOL]OHU� 3/,1.� �9HUVLRQ� ������ NXOODQÕODUDN� \�U�W�OP�úW�U�� +HU� 613� LoLQ�
DúD÷ÕGDNL�|]HOOLNOHU�YH�KHVDSODPDODU�HOGH�HGLOPLúWLU�  

x Kromozom 
 

x 613�QXPDUDVÕ��UV�QXPEHU� 
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x $LW�ROGX÷X�JHQLQ�LVPL��ELOLQL\RUVD� 

 
x øON� DOOHOLQ� KDUI� NRGX� (W�P� |UQHNOHP� IUHNDQVODUÕQD� J|UH� belirlenen 

minör allel)  
 

x %X�DOOHOLQ�KDVWDODUGD�J|U�OPH�VÕNOÕ÷Õ 
 

x %X�DOOHOLQ�NRQWUROOHUGH�J|U�OPH�VÕNOÕ÷Õ� 
 

x 'L÷HU�DOOHOLQ�KDUI�NRGX 
 

x Teste ait ki-NDUH�LVWDWLVWL÷L�GH÷HUL��VHUEHVWOLN�GHUHFHVL� ��� 
 

x 7HVWOH� KHVDSODQDQ� DVLPSWRWLN� DQODPOÕOÕN� GH÷HUL� �G�]HOWLOPHPLú� S�
GH÷HUL� 
 

x *HQRPLN� NRQWUROH� J|UH� G�]HOWLOPLú� DQODPOÕOÕN� GH÷HUL�� %X� GH÷HU�
ortanca ki-NDUH�LVWDWLVWL÷L�GH÷HUL�NXOODQÕODUDN�KHVDSODQPDNWDGÕU��� 
 

x 7HVWOH�KHVDSODQDQ�RGGV�RUDQÕ 

7�P�KHVDSODPDODU� VRQXFXQGD� G�]HOWLOPLú� S� GH÷HUOHUL� GLNNDWH� DOÕQDUDN� KDVWD�
ve kontroO�ELUH\OHUL�DUDVÕQGD�DOOHO�IUHNDQVODUÕ�EDNÕPÕQGDQ�LVWDWLVWLNVHO�RODUDN�DQODPOÕ�
ROGX÷X�J|U�OHQ�613OHU�EHOLUOHQPLúWLU�� øVWDWLVWLNVHO�|QHPOLOLN� LoLQ�DOID�GH÷HUL��������
RODUDN�EHOLUOHQPLúWLU���� 

3.2.2. *:$6�6RQXoODUÕQÕQ�613’den *HQ�'�]H\LQH�øOHUOHWLOPHVL 
 *:$6�DQDOL]L�VRQXFXQGD�HOGH�HGLOHQ�W�P�613OHU¶H�DLW�DQODPOÕOÕN�G�]H\OHUL��
oHYULPLoLQ� ELU� X\JXODPD� NXOODQÕODUDN� JHQ� G�]H\LQH� LOHUOHWLOPLúWLU�� /LX� YH�
DUNDGDúODUÕQÕQ� JHOLúWLUHUHN� oHYULPLoL� KL]PHWH� VRNWXNODUÕ� 9(*$6� LVLPOL� X\JXODPD�
DUDFÕ�� *:$6� LOH� HOGH� HGLOPLú� RODQ� 613� S� GH÷HUOHULQL� DODUDN� EX� 613OHU¶L� JHQRP�
�]HULQGHNL�NRQXPODUÕQD�J|UH�UHIHUDQV�JHQ�GL]LVLQL� WHPHO�DODUDN�DLW�ROGXNODUÕ�JHQOHUH�
KDULWDODPDNWDGÕU�� %|\OHFH� YHUL� VHWLQGHNL� 613OHU¶GHQ� KDULWDODPD� VXUHWL\OH� JHQ�
ELOJLVLQH� XODúÕOPDNWDGÕU�� +HU� JHQH� DLW� W�P� 613OHU� GH÷HUOHQGLULOHUHN� 613OHU¶H� DLW�
KHVDSODQPÕú�RODQ�S�GH÷HUOHUL�PDWHPDWLNVHO�PRGHOOHPH�YH�VLP�ODV\RQODU�\ROX\OD�JHQ�
G�]H\LQGH�WHNUDU�KHVDSODQPDNWDGÕU�[138].   
 
 $UDúWÕUPDPÕ]ÕQ� *:$6� EDVDPD÷ÕQGD� NXOODQÕODQ� �������� DGHW� 613¶H� DLW� S 
GH÷HUOHUL� KHVDSODQGÕNWDQ� VRQUD�9(*$6� oHYULPLoL� DUDFÕ� NXOODQÕODUDN� JHQ� G�]H\LQGH�
DQODPOÕOÕNODU� LQFHOHQPLúWLU�� *HQ� G�]H\LQGHNL� S� GH÷HUOHUL� 613OHU¶GHQ� KHVDSODQDQ� S�
GH÷HUOHULQLQ�J�YHQOL�ELU�NHVWLULPL�ROGX÷X�LoLQ�YH�KHU�JHQGH�ELUGHQ�oRN�613�S�GH÷HUL�
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dikkate alÕQGÕ÷Õ� LoLQ� JHQ� G�]H\LQGHNL� S� GH÷HUOHULQLQ� 613� VHYL\HVLQH� J|UH� GDKD�
\�NVHN� ROPDVÕ� EHNOHQPHNWHGLU� [138]�� %X� QHGHQOH� oDOÕúPDPÕ]GD� JHQ� G�]H\LQGH�
GLNNDWH�DOÕQDFDN�DOID�GH÷HULQLQ�������ROPDVÕ�|QJ|U�OP�úW�U��%X�DúDPDGD�KHU�JHQH�DLW�
DúD÷ÕGDNL�|]HOOLNOHU�VXQXOPXúWXU� 

x *HQLQ��]HULQGH�\HU�DOGÕ÷Õ�NURPR]RP 
 

x Genin ismi 
 

x *HQ��]HULQGH�YHUL�VHWLQGH�NXOODQÕOPÕú�RODQ�613�VD\ÕVÕ 
 

x *HQLQ�EDúODQJÕo�SR]LV\RQX 
 

x *HQLQ�VRQODQÕú�SR]LV\RQX 
 

x *HQH�DLW�G�]HOWLOPLú�S�GH÷HUL 

Hem SNP düzeyinde hem de gen düzeyinde HOGH�HGLOHQ�EXOJXODUÕQ�JUDILNVHO�
gösterimleri için Q-4� JUDILNOHUL� YH� 0DQKDWWDQ� JUDILNOHUL� oL]LOPLúWLU�� %X� JUDILNVHO�
J|VWHULPOHU� LoLQ� 5� \D]ÕOÕPÕQÕQ� �9HUVLRQ�� [��� �������� ³JUDSKLFV´� SDNHWL� �9ersion 
2.16.0�� NXOODQÕOPÕúWÕU� [139, 140]�� 6WHSKHQ� 7XUQHU¶ÕQ� SDNHW� LoLQ� |]HOOHúWLUGL÷L�
Manhattan ve Q-Q grafikleri çizim scriptlerinden ID\GDODQÕOPÕúWÕU�[141]. 

 
3.2.3.  dRN�'H÷LúNHQOL�8]DNOÕN�0DWULVL�5HJUHV\RQX  

<�PDWULVLQLQ�1�[�3�ER\XWXQGD�YH�JHQ�HNVSUHV\RQX�GH÷HUOHULQGHQ�ROXúDQ�ELU�
PDWULV�ROGX÷XQX�G�ú�QHOLP��1�NLúL�VD\ÕVÕQÕ�3� LVH�JHQ�VD\ÕVÕQÕ� LIDGH�HWVLQ��;�PDWULVL�
LVH� 1� [� 0� ER\XWXQGD� ROVXQ� YH� 0� GH� JHQOHULQ� HNVSUHV\RQX� LOH� LOLúNLOL� ROGX÷X�
G�ú�Q�OHQ�WDKPLQ�HGLFL�GH÷LúNHQOHULQ�VD\ÕVÕ�ROVXQ��0¶LQ�LON�V�WXQX�W�P�HOHPDQODUÕ���
oODQ�ELU�YHNW|U�ROVXQ��%X�WDKPLQ�HGLFL�GH÷LúNHQOHU��\Dú��NOLQLN�WDQÕ��JUXS��K�FUH�WLSL��
JHQRWLS�ELOJLVL�JLEL�ELUoRN�IDUNOÕ�GH÷LúNHQ�RODELOLU��6WDQGDUW�oRNOX�UHJUHV\RQ�PRGHOL�
EX�GXUXPGD�ú|\OH�\D]ÕODFDNWÕU� 

 
<� �;ȕ���İ 
 
%X� GHQNOHPGH� ȕ� UHJUHV\RQ� NDWVD\ÕODUÕQGDQ� ROXúDQ� 0� [� 3� ER\XWXQGD� ELU�

PDWULVWLU�YH�İ�GD�KDWD�WHULPLGLU��ȕ�LoLQ��UHWLOHQ�HQ�G�ú�N�NDUHOHU�o|]�P�� 
 
 ෡= (X’X)-1 X’Y ߚ
 
RODFDNWÕU��0RGHOLQ�DUWÕN�KDWD�PDWULVL�LVH� 
 
R = Y - ෠ܻ  = Y – Xȕ = (I – H) Y  
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olur. Burada; 
 
H = (X’X)-1 X’ 
 
ROGX÷XQX YH�JHOHQHNVHO�³úDSND´�PDWULVL�ROGX÷XQX�KDWÕUODWDOÕP��0RGHOGH�YHULVL�

RODQ�NLúL�VD\ÕVÕ��PRGHOH�VRNXODQ�GH÷LúNHQ�VD\ÕVÕQGDQ�oRN�GDKD�D]�ROGX÷X�GXUXPODUGD�
�1���3��EX�PRGHOL�o|]PHN�NDUPDúÕNODúÕU��*HQRPLN�DUDúWÕUPDODUGD�WRSODQDQ�YHULOHUGH�
durum genellikle böyleGLU��%X�NDUPDúÕNOÕN�LoLQ�|QHULOHELOHFHN�DOWHUQDWLI�\DNODúÕP�LVH�
0� VD\ÕGD� WDKPLQ� HGLFL� GH÷LúNHQLQ�� oDOÕúPD\D� NDWÕODQ� ROJXODUÕQ� 3� VD\ÕGDNL� JHQ�
HNVSUHV\RQX� GH÷HUOHULQH� J|UH� ELUELUOHUL� LOH� RODQ� EHQ]HUOLN� YH\D� X]DNOÕNODUÕ� LOH�
RODELOHFHN�RODVÕ�LOLúNLOHULQH�EDNPDNWÕU�� 

 
%X� GXUXPGD� '� PDWULVLQLQ� 1� [� 1� ER\XWXQGD� ELU� PDWULV� ROGX÷XQX� YH� Gij 

WHULPLQLQ�GH� L�YH� M�VD\ÕOÕ�ELUH\OHULQ�3�JHQ�HNVSUHV\RQX�GH÷HUOHUL�DoÕVÕQGDQ�ELUELUOHUL�
LOH�RODQ�X]DNOÕNODUÕQÕ��\D�GD�IDUNOÕOÕNODUÕQ��J|VWHUGL÷LQL�G�ú�QHOLP��gUQH÷LQ�Gij terimi 
iki bLUH\� DUDVÕQGDNL� gNOLW� X]DNOÕ÷ÕQÕQ� NHQGLVL� YH\D� NRUHODV\RQ� NDWVD\ÕVÕQÕQ� ELU�
fonksiyonu olarak hesaplanabilir.  

 
A = (aij) = (െଵ

ଶ dij
2) 

 
ROVXQ�� %X� GXUXPGD� $¶\Õ� NXOODQDUDN� *RZHU� PDWULVLQL� úX� úHNLOGH�

hesaplayabiliriz: 
 

G = ቀI െ  ଵ୬  ͳͳԢቁ  A ቀI ଵ୬  ͳͳԢቁ  
 
Burada 1 N ER\XWOX�YH�KHU�HOHPDQÕ���RODQ�ELU�V�WXQ�YHNW|U�G�U��,�LVH�1�[�1�

ELULP� PDWULVWLU�� 0� VD\ÕGDNL� WDKPLQ� GH÷LúNHQL� LOH� 1� ELUH\LQ� 3� GH÷LúNHQH� J|UH�
IDUNOÕOÕNODUÕQÕQ� DUDVÕQGDNL� LOLúNL\L� LQFHOHUNHQ� NXOODQÕODELOHFHN� X\JXQ� )� LVWDWLVWL÷L�
DúD÷ÕGDNL�GHQNOHPOH�KHVDSODQDELlir: 

 

F = ௧௥(ுீு)/(ெିଵ) 
௧௥ [(ூିு)ீ (ூିு)]/(ேିெ) 

 
<XNDUÕGD�GD�YXUJXODQGÕ÷Õ�JLEL�+�úDSND�PDWULVL��*�*RZHU�PDWULVL�YH�,�GD�ELULP�

PDWULVWLU�� 0� ELU� VNDOHUGLU� YH� WDKPLQ� HGLFL� GH÷LúNHQ� VD\ÕVÕQÕ� J|VWHUPHNWHGLU�� 1� GH�
ELUH\� VD\ÕVÕGÕU�� (÷HU� 3�  � �� LVH� YH� X]DNOÕN� PDWULVL� VWDQGDUW� gNOLW� X]DNOÕ÷ÕQD� J|UH�
KHVDSODQPÕúVD�� EX� GXUXPGD� \XNDUÕGDNL� GHQNOHPGH� KHVDSODQDQ� )�� VWDQGDUW� )�
LVWDWLVWL÷LGLU�YH�YDU\DQV�DQDOL]L�ED÷ODPÕQGDNL�)�LVWDWLVWL÷L�LOH�D\QÕ�|]HOOLNOHUL�J|VWHULU��
)DUNOÕ�X]DNOÕN�KHVDSODPD�\|QWHPOHUL�NXOODQÕODUDN�ROXúWXUXODQ�X]DNOÕN�PDWULVOHUL� LoLQ�
\DSÕODFDN�o|]�POHUGH�) LVWDWLVWL÷LQLQ�|]HOOLNOHUL�GH�GH÷LúLP�J|VWHUHFHNWLU�� 
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)�LVWDWLVWL÷LQLQ�GD÷ÕOÕPÕQÕQ�NXOODQÕODQ�X]DNOÕN�PDWULVL�\|QWHPLQH�J|UH�GH÷LúLP�

J|VWHUPHVL� YH� GROD\ÕVÕ\OD� NDUPDúÕN� ROPDVÕ� VHEHEL\OH�� LVWDWLVWLNVHO� DQODPOÕOÕ÷Õ�
belirleyebilmek için permütasyon testleri uygulanabilir [142, 143]. Permütasyon 
WHVWOHUL� KDP� YHUL\L� SHUP�WH� HGHUHN� GH� JHUoHNOHúWLULOHELOLU�� *� PDWULVLQLQ� VDWÕU� YH�
V�WXQODUÕQÕ� Hú]DPDQOÕ� SHUP�WH� HGHUHN� GH� JHUoHNOHúWLULOHELOLU� [97]�� (N� RODUDN�� H÷HU�
SHUP�WDV\RQ�WHVWOHUL�X\JXODQDFDNVD�)�LVWDWLVWL÷LQ�KHVDSODQGÕ÷Õ�HúLWOL÷LQ�SD\ÕQGDNL��0�
– ��� YH� SD\GDVÕQGDNL� �1� – M) serbestlik derecesi terimlerini kullanmaya gerek 
\RNWXU�� $\UÕFD� WÕSNÕ� VWDQGDUW� oRNOX� UHJUHV\RQ� DQDOL]OHULQGH� ROGX÷X� JLEL� EDVDPDNOÕ�
(step-ZLVH��YH\D�GH÷LúNHQ�VHoPH�SURVHG�UOHUL�GH�EX�\|QWHPGH�X\JXODQDELOLU�[144]. P 
GH÷HUL� KHVDEÕQÕQ� GÕúÕQGD� KHVDSODQDELOHFHN� ELU� GL÷HU� UDNDPVDO� J|VWHUJH� GH� EHOLUOL�
WDKPLQ� HGLFL� GH÷LúNHQOHULQ� X]DNOÕN� PDWULVLQGHNL� YDU\DV\RQXQ� QH� NDGDUÕQÕ�
DoÕNOD\DELOGL÷LGLU�� %X� |Oo�WH� NÕVDFD� YDU\DV\RQ� DoÕNODPD� RUDQÕ� �SURSRUWLRQ� RI�
variation explained – PVE) diyecek olursak; 

 
PVE = tr(HGH) / tr (G) 
 
úHNOLQGH�EXOXQDELOLU�� 
 
=DSDOD� YH� 6FKRUN� \|QWHPL� WHRULN� RODUDN� JHOLúWLULS� RUWD\D� NR\GXNODUÕ�

oDOÕúPDODUÕQGD� KHVDSODPDODUD� LOLúNLQ� \XNDUÕGD� VXQXODQ� D\UÕQWÕODUÕ� GHWD\OÕ� úHNLOGH�
DoÕNODPÕúODUGÕU�� $\UÕFD� \DSWÕNODUÕ� JHUoHN� YHULOL� YH� VLP�OH� X\JXODPDODUOD� \|QWHPLQ�
LVWDWLVWLNVHO�J�F�Q�Q�GH�\�NVHN�ROGX÷XQX�J|VWHUPLúOHUGLU�[14].  

 
dDOÕúPDPÕ]GD� 0'05� \|QWHPL� NXOODQÕODUDN� ELSRODU� ER]XNOXN� KDVWDODUÕQÕQ�

IHQRWLSLN�|]HOOLNOHUL�WHPHO�DOÕQPÕú�YH�ELUH\OHULQ�EX�|]HOOLNOHU�EDNÕPÕQGDQ�ELUELUOHUL�LOH�
X]DNOÕNODUÕ� KHVDSODQDUDN� ELU� X]DNOÕN� PDWULVL� ROXúWXUXOPXúWXU�� 8]PDQ� GRNWRUODUÕQ�
J|U�ú�QH� GD\DQÕODUDN�� WRSODQDQ� IHQRWLS� YHULVL� LoLQGHQ� oDOÕúPD\D� GkKLO� HGLOPHVL�
NRQXVXQGD� NDUDU� DOÕQDQ� WRSODP� ��� DGHW� IDUNOÕ� IHQRWLSLN� |]HOOLN� GH÷LúNHQ�
EHOLUOHQPLúWLU�� %X� ��� GH÷LúNHQGHQ� W�P� KDVWDODUÕQ� ��¶LQGHQ� ID]ODVÕ� LoLQ� HNVLN� YHUL�
LoHUHQ�GH÷LúNHQOHU��X]DNOÕN�PDWULVL�KHVDEÕQD�GkKLO�HGLOPHPLúOHUGLU��%X�NXUDOD�X\DQ�YH�
PDWULV� ROXúXPXQD� NDWÕODQ� IHQRWLSLN� GH÷LúNHQ� VD\ÕVÕ� ��¶GXU�� %X� ��� DGHW� IHQRWLSLN�
|]HOOLN�DúD÷ÕGD�VÕUDODQPÕúWÕU�� 

 

x Migren (DIGS – 7ÕEEL�g\N��– 6RUX����%LU�GRNWRUD�WDUDIÕQGDQ�PLJUHQ�
VHEHSOL�EDú�D÷UÕVÕ�WDQÕVÕ�DOGÕQÕ]�PÕ"�� 
 

x $÷ÕU�PDQLN�NRQXúNDQOÕN (DIGS – Mani / Hipomani – Soru G7: En 
D÷ÕU�PDQLN� HSL]RGXQX]GD QRUPDOGHQ� GDKD� ID]OD� PÕ� NRQXúX\RUGXQX]�
\D�GD�NRQXúPD\D�GHYDP�HWPHQL]�\|Q�QGH�ELU�EDVNÕ�KLVVHWWLQL]�PL"�� 
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x $÷ÕU�PDQLN�G�ú�QH�XoXúPDVÕ (DIGS – Mani / Hipomani – Soru G8: 
(Q� D÷ÕU� PDQLN� HSL]RGXQX]GD G�ú�QFHOHULQL]� XoXúX\RU� PX\GX� \D� GD�
LQVDQODUÕQ� VL]L� WDNLS� HWPHNWH� ]RUODQGÕ÷Õ� NDGDU� KÕ]OÕ� NRQXúX\RU�
muydunuz?) 

 
x $÷ÕU�PDQLN� JUDQGLR]LWH (DIGS – Mani / Hipomani – Soru G9: En 

D÷ÕU�PDQLN�HSL]RGXQX]GD�NHQGLQL]LQ�oRN�|QHPOL�ELU�LQVDQ�ROGX÷XQX�\D�
da özel güçler, yetenekler YH�SODQODUÕQÕ]�ROGX÷XQX�G�ú�QG�Q�]�P�"�  

 
x $÷ÕU�PDQLN� D]� X\XPD (DIGS – Mani / Hipomani – Soru G10: En 

D÷ÕU� PDQLN� HSL]RGXQX]GD uykuya normalden daha az ihtiyaç 
hissettiniz mi?) 

 
x $÷ÕU�PDQLN�GLNNDW�GD÷ÕOPDVÕ (DIGS – Mani / Hipomani – Soru G11: 

(Q�D÷ÕU�PDQLN�HSL]RGXQX]GD GLNNDWLQL]�ELU�NRQXGDQ�EDúND�ELU�NRQX\D�
DWOD\ÕS�GXUGX÷X� LoLQ�NRQVDQWUDV\RQXQX]GD�QRUPDOH�J|UH�D]DOPD�ROGX�
mu?) 

 
x $÷ÕU�PDQLN�VÕNÕQWÕ\D�QHGHQ�ROPD (DIGS – Mani / Hipomani – Soru 

G12: (Q�D÷ÕU�PDQLN�HSL]RGXQX]GD VL]LQ�LoLQ�VÕNÕQWÕ\D�Qeden olabilecek 
ELU� úH\� \DSWÕ÷ÕQÕ]� ROGX� PX�� |UQH÷LQ� JHUHNVL]� VDWÕQ� DOPDODU�� WLFDUL�
\DWÕUÕPODU� \DSPD�� FLQVHOOLNOH� LOJLOL� G�ú�QFHVL]� KDUHNHWOHU� \DSPD��
dikkatsiz araba sürme gibi?) 

 
x $÷ÕU�0DQL� 6HPSWRPODUÕ� 6D\ÕVÕ (DIGS – Mani / Hipomani – Soru 

G1-72) 
 

x Duysal halüsinasyonlar (DIGS - Psikoz – Soru K1a: Hiç sesler 
GX\GX÷XQX]� ROGX� PX"� gUQH÷LQ� ED]Õ� LQVDQODU�� DVOÕQGD� JHUoHNWH�
ROPD\DQ� NLúLOHULQ� NHQGLOHULQH� IÕVÕOGDGÕNODUÕQÕ� YH\D� NHQGLOHUL\OH�
NRQXúWXNODUÕQÕ�WHFU�EH�HWWLNOHULQL�V|\OHUOHU� 

 
x Görsel halüsinasyonlar (DIGS - Psikoz – Soru K1b: Hiç EDúND�

LQVDQODUFD�J|U�OPH\HQ�úH\OHUL�J|UG�÷�Q�]�ROGX�PX"� 
 

x Delüzyonlar (DIGS - Psikoz – Soru K1c: +Lo� EDúNDODUÕQÕQ� VL]LQOH�
KHUKDQJL�ELU�úH\�SD\ODúPDGÕ÷Õ�\|Q�QGH�LQDQo�YH�ILNLUOHUH�NDSÕOGÕ÷ÕQÕ]�
IDNDW� GDKD� VRQUD� EXQXQ� GR÷UX� ROPDGÕ÷ÕQÕ� IDUN� HWWL÷LQL]� ROGX� PX"�
gUQH÷LQ� LQVDQODUÕQ� VL]H� NDUúÕ� ROGXNODUÕQD�� VL]H� ]DUDU� YHUPH\H�
oDOÕúWÕNODUÕQD�� KDNNÕQÕ]GD� NRQXúWXNODUÕQD� \D� GD� VL]H� |]HO� PHVDMODU�
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YHULOGL÷LQL� G�ú�QG�NOHULQH� �WHOHYL]\RQ� YH\D� UDG\R� JLEL� \ROODUOD��
LQDQGÕQÕ]�PÕ"�� 

 
x øQWLKDU�JLULúLPL (DIGS – øQWLKDU�'DYUDQÕúÕ�– Soru O1: Hiç kendinizi 

öldürmeyi denediniz mi?) 
 

x Obsesiflik (DIGS – $QNVL\HWH� %R]XNOXNODUÕ� – Soru P1: +Lo� DVOÕQGD�
DQODPÕ� ROPD\DQ� YH� G�ú�QPHPH\H� oDOÕúWÕ÷ÕQÕ]� KDOGH V�UHNOL� DNOÕQÕ]Õ�
kurcalayan G�ú�QFHOHUOH�ER÷XúWX÷XQX]�ROGX�PX"� 

 
x Kompülsiflik (DIGS – $QNVL\HWH�%R]XNOXNODUÕ�– Soru P2: Hiç daha 

D]� DQNVL\HWH� KLVVHGHELOPHN� DPDFÕ\OD� D\QÕ� KDUHNHWL� GLUHQo�
J|VWHUHPHGHQ�GHIDODUFD� WHNUDUODGÕ÷ÕQÕ]�ROGX�PX"�gUQH÷LQ� HO� \ÕNDPD��
ELU�úH\OHUL�VD\PD�\D�GD�V�UHNOL�NRQWURO�HWPH�JLEL� 

 
x Panik Bozukluk (DIGS – $QNVL\HWH� %R]XNOXNODUÕ�– Soru P11: Hiç 

DVOÕQGD�KHUKDQJL�ELU�WHKGLW�ROPD\DQ�GXUXPODUGD�DQLGHQ�NRUNDUDN�SDQLN�
DWDN�YH\D�DQNVL\HWH�DWD÷Õ�JHoLUGL÷LQ�ROGX�PX"�� 

 
x Agorafobi (DIGS – $QNVL\HWH� %R]XNOXNODUÕ� – Soru P28a: Hiç 

GÕúDUÕ\D�\DOQÕ]�oÕNPDNWDQ��NDODEDOÕN�\HUOHUGH�YH\D�PD÷D]DODUGD�\DOQÕ]�
EXOXQPDNWDQ� \D� GD� NDoDPD\DFD÷ÕQÕ� YH\D� \DUGÕP� EXODPD\DFD÷ÕQÕ�
KLVVHWWL÷LQ� \HUOHUGH� WHN� EDúÕQD� EXOXQPDNWDQ� |W�U�� DúÕUÕ� NRUNPXú�
hissettin mi?) 

 
x Sosyal fobi (DIGS – $QNVL\HWH� %R]XNOXNODUÕ� – Soru P28b: Hiç 

insanlar önünde konXúPDN��\HPHN�\HPHN�YH\D�\D]PDN�JLEL�H\OHPOHUL�
JHUoHNOHúWLUPH�ILNULQGHQ�DúÕUÕ�NRUNPXú�KLVVHWWLQ�PL"� 

 
x Basit fobi (DIGS – $QNVL\HWH�%R]XNOXNODUÕ�– Soru P28c: Hiç oHúLWOL�

KD\YDQODUGDQ�� \�NVHNWHQ� YH\D� NDSDOÕ� NDOPDNWDQ� DúÕUÕ� NRUNPXú�
hissettin mi?) 

 
x Anoreksiya Bulimia (DIGS – <HPH�%R]XNOXNODUÕ�– Soru Q14-18)  

 
x Alkolizm (DIGS – $ONRO�øVWLVPDUÕ�YH�%D÷ÕPOÕOÕ÷Õ�– Soru I1-23) 

 
x 0DGGH� LVWLVPDUÕ (DIGS – 7�W�Q�� 8\XúWXUXFX� 0DGGH� øVWLVPDUÕ� YH�

%D÷ÕPOÕOÕ÷Õ�– Soru J1-53) 
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x $÷ÕU� 'HSUHV\RQ� 6HPSWRPODUÕ� 6D\ÕVÕ (DIGS – Majör Depresyon – 
Soru F1-78) 

 
x +DVWDOÕN� %DúODQJÕo� <DúÕ� (DIGS - Psikiyatrik RahDWVÕ]OÕ÷D� *HQHO�

%DNÕú� – Soru E2b: Duygusal problemleriniz için bir profesyonele 
GDQÕúWÕ÷ÕQÕ]GD�NDo�\DúÕQGD\GÕQÕ]?) 

 
x Tedavi 8\JXODQGÕ÷Õ� 6ÕUDGD�dDOÕúPD�'XUXPX� (DIGS – Psikiyatrik 

5DKDWVÕ]OÕ÷D� *HQHO� %DNÕú – Soru E2c: 5DKDWVÕ]OÕNOD� LOJLOL� GHVWHN�
DOGÕ÷ÕQÕ]�VÕUDGD�oDOÕúÕ\RU�PX\GXQX]?) 

 
x 3VLNL\DWULN� +DVWDQH\H� <DWPD� *HoPLúL (DIGS – Psikiyatrik 

5DKDWVÕ]OÕ÷D�*HQHO�%DNÕú – Soru E4: 5XK�KDOLQL]��GX\JXODUÕQÕ]�\D�GD�
GDYUDQÕú�úHNOLQL]�\�]�QGHQ�ELU�KDVWDQH\H�\DWÕUÕOGÕ÷ÕQÕ]�ROGX�PX") 

 
x *|U�úPH�$QÕQGDNL�<Dú (DIGS – Demografik Bilgiler – Soru 2: ùX�

DQ�NDo�\DúÕQGDVÕQÕ]?) 
 

x Medeni durum (DIGS – Demografik Bilgiler – Soru 7�� ùX� DQki 
medeni durumunuz nedir?) 

 
x Meslek (DIGS – Demografik Bilgiler – Soru ��D�� ùu anNL� LúLQL]�

nedir?) 
 

x 2NXO�<ÕOÕ (DIGS – Demografik Bilgiler – Soru 11: 7RSODP�NDo�\ÕOOÕN�
RNXO�H÷LWLPL�WDPDPODGÕQÕ]?) 
 

%X�GH÷LúNHQOHULQ�G|UW� WDQHVL� �J|U�úPH�DQÕQGDNL� \Dú��PHGHQL�GXUXP��PHVOHN�
YH� RNXO� \ÕOÕ�� KDVWDOÕ÷D� \|QHOLN� ELUHU� IHQRWLSLN� |]HOOLN� ROPDGÕNODUÕQGDQ�� IDNDW�
DUDúWÕUPDQÕQ� KHGHIOHULQGHQ� ELULVL� RODQ� IHQRWLS� [� JHQRWLS� HWNLOHúLPLQL�
HWNLOH\HELOHFHNOHUL� G�ú�Q�OG�÷�QGHQ� NRYDU\DQW� RODUDN� DWDQPÕú� YH� UHJUHV\RQ�
GHQNOHPLQLQ�ED÷ÕPVÕ]�GH÷LúNHQOHUL�RODUDN�GH÷HUOHQGLULOPLúOHUGLU�� 

 
.RYDU\DQW� RODUDN� DWDQDQ� G|UW� GH÷LúNHQ� oÕNDUÕOÕQFD� JHUL\H� NDODQ� WRSODP� ���

DGHW�GH÷LúNHQ��KDVWDODUD�DLW�X]DNOÕN�PDWULVLQL�ROXúWXUPDN�LoLQ�NXOODQÕOPÕúWÕr.  
 
8]DNOÕN� PDWULVLQH� VRNXODQ� ��� GH÷LúNHQ� LoLQ�� X]DNOÕNODUÕQ� KHVDSODQPD�

DúDPDVÕQGDQ� |QFH� VRQ� ELU� EDVDPDN� ILOWUH� GDKD� X\JXODQPÕúWÕU�� %X� EDVDPDNWD��
X]DNOÕNODUÕQ� KHVDSODQPDVÕQGD� HNVLN� YHULVL� RODQ� KDVWDODUÕQ� KHVDSODPDODUD� GkKLO�
HGLOPHPHVL� LoLQ� W�P�GH÷LúNHQOHU LQFHOHQPLú�YH�YHULVL� EXOXQPD\DQ�KDVWDODU� oDOÕúPD�
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GÕúÕ�EÕUDNÕOPÕúWÕU��%X�EDVDPDNWD�HOHQHQ�KDVWDODU�oÕNDUÕOGÕNWDQ�VRQUD�X]DNOÕN�PDWULVL����
GH÷LúNHQ��]HULQGHQ�WRSODP�����KDVWD�LOH�ROXúWXUXOPXúWXU�� 

 
8]DNOÕN� PDWULVLQLQ� ROXúWXUXOPDVÕQGD� 5� \D]ÕOÕPÕ� �9HUVLRQ�� [�4 2.11.1) 

NXOODQÕOPÕúWÕU�� 8]DNOÕN� PDWULVL� KHVDSODPDN� LoLQ� LVH� )'� SDNHWL� �9HUVLRQ� ����-11) 
LoHULVLQGHNL� ³JRZGLV´� IRQNVL\RQX� NXOODQÕOPÕúWÕU� [145, 146]. Bu fonksiyon IDUNOÕ�
WLSOHUGH� GH÷LúNHQOHUL� LoHUHQ� YHULOHUGH� �V�UHNOL�� VÕUDOÕ�� LNLOL�� ELUH\OHU� DUDVÕQGDNL� LNLOL�
IDUNOÕOÕNODUÕ� |OoPHN� LoLQ�*RZHU¶ÕQ� EHQ]HUOLN� KHVDSODPD� \|QWHPLQL� WHPHO� DOÕU� [147].  
)RQNVL\RQ�� 3RGDQL¶QLQ� oDOÕúPDVÕQGD� |]HOOHúWLUGL÷L� *RZHU� EHQ]HUOLN� KHVDSODPDVÕQÕ�
JHUoHNOHúWLULU� YH� KHVDSODQDQ� EHQ]HUOLNOHUL� X]DNOÕ÷D� G|Q�úW�U�U� [148]�� $\UÕFD�
/HJUHQGH�YH�/HJUHQGH¶QLQ�\|QWHPLQH�J|UH�GH÷LúNHQ�D÷ÕUOÕNODUÕQÕ�KHVDSODU�YH�X]DNOÕN�
PDWULVLQL�ROXúWXUXU�[149].  

 
2OXúWXUXODQ�X]DNOÕN�PDWULVLQLQ�ED÷ÕPOÕ�GH÷LúNHQ�ROGX÷X�YH�EX�PDWULV�LoLQGHNL�

YDU\DV\RQXQ� *:$6� DQDOL]LQGH� GH� NXOODQÕODQ� WRSODP� �������� DGHW� 613� LOH�
LQFHOHQGL÷L� 0'05� PRGHOL� oDOÕúWÕUÕOPÕúWÕU�� %HOLUOHQPLú� RODQ� NRYDU\DQWODU� GD�
UHJUHV\RQ�PRGHOLQH�HNOHQPLúWLU��0RGHOLQ�oDOÕúWÕUÕOPDVÕQGD�\LQH�5�\D]ÕOÕPÕ��9HUVLRQ��
[��� �������� � NXOODQÕOPÕúWÕU�� $UDúWÕUPDGD� LúELUOL÷L� \�U�W�OHQ� 7KH� 6FULSSV� 5HVHDUFK�
,QVWLWXWH�DUDúWÕUPD�HQVWLW�V�QH�ED÷OÕ�7UDQVODWLRQDO�6FLHQFH�,QVWLWXWH�E�Q\HVLQGH�3URI��
'U�� 1LFKRODV� 6FKRUN� |QGHUOL÷LQGHNL� DUDúWÕUPD� ODERUDWXYDUÕQGD�'U�� 5DQ\�0�� 6DOHP�
WDUDIÕQGDQ� JHOLúWLULOPLú� RODQ� 0'05� 5� VFULSWL� NXOODQÕODUDN� W�P� DQDOL]OHU� LNL�
EDVDPDNWD� \DSÕOPÕúWÕU�� %X� VFULSW�� WDOHS� HGLOGL÷L� WDNGLUGH� DUDúWÕUPDFÕODUOD� ELOLPVHO�
NXOODQÕP�DPDFÕ\OD�SD\ODúÕOPDNWDGÕU�[102].  

 
%LULQFL� EDVDPDNWD� W�P� �������� 613� LoLQ� )� LVWDWLVWLNOHUL� KHVDSODQPÕúWÕU��

3HUP�WDV\RQ� WHVWOHUL� JHUoHNOHúWLULOPHGHQ� \DSÕODQ� EX� analizde amaç en yüksek F 
LVWDWLVWL÷LQH� VDKLS� 613OHU¶L� WHVSLW� HWPHN� YH� )� LVWDWLVWL÷L� GH÷HULQH� J|UH� 613OHU¶L�
VÕUDOD\DUDN� HQ� WHSHGHNL� ������ 613¶L� VHoHELOPHNWLU�� )� LVWDWLVWL÷L� N�o�OG�NoH� S�
GH÷HULQLQ� �¶H� \DNODúDFD÷Õ� ELOLQGL÷LQGHQ�� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� ROPD� RODVÕOÕ÷Õ�
GDKD� ID]OD� RODQ� \�NVHN� )� LVWDWLVWL÷L� KHVDSODQPÕú� 613OHU¶H� RGDNODQPDN� YH� E|\OHFH�
DQODPOÕ�ROPD\DFD÷Õ�NHVLQ�RODQ�oRN�VD\ÕGD�613¶L�E�\�N�ELOJLVD\DU�ND\QD÷Õ�YH�]DPDQ�
W�NHWLPL�JHUHNWLUHQ�SHUP�WDV\RQ�WHVWOHULQH�VRNPDPDN�HVDV�DOÕQPÕúWÕU� 

 
øNLQFL� EDVDPDNWD� LVH� LON� EDVDPDNWD� )� LVWDWLVWLN� GH÷HUOHULQH� J|UH� EHOLUOHQPLú�

RODQ�������DGHW�613� LOH�SHUP�WDV\RQ� WHVWOHUL� JHUoHNOHúWLULOPLúWLU��%|\OHFH�KHU�613�
LoLQ�S�GH÷HUOHULQL�KHVDSODPDN�DPDoODQPÕúWÕU�� 

 
6DGHFH� �� DGHW� 613� LoLQ� WHN� ELOJLVD\DU� LúOHPFLVL� NXOODQÕODUDk 1.000 

SHUP�WDV\RQOD�oDOÕúWÕUÕODQ�DQDOL]�\DNODúÕN����GDNLND�V�UPHNWHGLU��%XUDGDQ�KDUHNHWOH��
VÕUDOÕ� OLVWHGHQ� ED]Õ� 613OHU� EHOLUOHQHUHN� EX� 613OHU¶H� ������ SHUP�WDV\RQOX� DQDOL]�
X\JXODQPÕúWÕU�� %XUDGD� DPDo� W�P� DQDOL]� LoLQ� VHoLOPHVL� JHUHNHQ� 613� VD\ÕVÕQÕ�
belirleyebilmektir. Böylece 500üncü, 1.000inci, 2.500üncü ve 5.000inci SNP için 
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ROPDN� �]HUH� WRSODP� �� DGHW� 0'05� DQDOL]L� X\JXODQPÕúWÕU�� 6RQXo� RODUDN� ����QF��
613� YH� �����LQFL� 613� DQODPOÕ� EXOXQXUNHQ� ������QF�� 613� YH� �����LQFL� 613¶LQ�
DQODPOÕ� ROPDGÕNODUÕ� J|]OHQPLúWLU�� %|\OHFH� DVÕO� DQDOL]� LoLQ� VÕUDOÕ� OLVWHGHNL� LON� ������
613�VHoLOPLúWLU�YH�KHU�613�LoLQ�������SHUP�WDV\RQ�WHVWL�\DSÕOPÕúWÕU��%X�EDVDPDNWD�
DOID�GH÷HUL�������RODUDN�EHOLUOHQPLúWLU�� 

 
3.2.4.  *:$6�YH�0'05�6RQXoODUÕQÕQ�%LUOLNWH�'H÷HUOHQGLULOPHVL 

$UDúWÕUPDGD� WHPHO� RODUDN� NXOODQÕODQ� LNL� \|QWHP� \XNDUÕGD� DoÕNODQDQ�*:$6�
DQDOL]L� YH� 0'05� PRGHOLGLU�� *:$6� VRQXFXQGD� ELSRODU� ER]XNOXN� KDVWDODUÕQÕQ�
QRUPDO� NRQWURO� ELUH\OHULQH� J|UH� WRSODP� �������� 613� EDNÕPÕQGDQ� DOOHO� IUHNDQVÕ�
IDUNOÕOÕNODUÕ�DUDúWÕUÕOPÕúWÕU��0'05�X\JXODPDVÕQGD� LVH�ELSRODU�ER]XNOXN�KDVWDODUÕ����
DGHW�IHQRWLSLN�|]HOOLN�EDNÕPÕQGDQ�X]DNOÕN�PDWULVL�ROXúWXUXODUDN�LQFHOHQPLú����������
613¶LQ�EX�X]DNOÕN�PDWULVLQGHNL�YDU\DV\RQD�HWNLOHUL�DUDúWÕUÕOPÕúWÕU� 

 
+HU� LNL� \|QWHP� VRQXFXQGD� HOGH� HGLOHQ� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� 613OHU�

yöQWHPOHULQ�DPDFÕQD�X\JXQ�úHNLOGH�D\UÕ�D\UÕ�GH÷HUOHQGLULOPLúWLU��%XQXQ�\DQÕQGD�KHU�
LNL�DUDúWÕUPDGD�GD�DQODPOÕ�EXOXQPDVÕ�RODVÕ�613OHU¶LQ�YDUOÕ÷ÕQD�EDNÕOPÕúWÕU��øNL�WHPHO�
DUDúWÕUPD�VRUXVXQD�GD� LVWDWLVWLNVHO�RODUDN�DQODPOÕ�EXOXQDUDN�FHYDS�YHUHQ�613OHU�ELU�
üçünc��GH÷HUOHQGLUPH\H�WDEL�WXWXOPXúWXU�� 
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BULGULAR 
 

  
4.1. *:$6�%XOJXODUÕ 
 $UDúWÕUPDQÕQ� LON� EDVDPD÷ÕQGD� ELSRODU� ER]XNOX÷X� WDQÕVÕ� DOPÕú� ������ NLúL� LOH�
NRQWURO� ROJXODUÕ� ������� NLúL�� DUDVÕQGD� JHQRP� oDSÕQGD� LOLúNL� oDOÕúPDVÕ� DQDOL]L�
JHUoHNOHúWLULOPLúWLU��%X�DQDOL]GH�LQFHOHQHQ�WRSODP���������DGHW�613�LoLQ�DQODPOÕOÕN�
G�]H\L��������RODUDN�NDEXO�HGLOPLúWLU� 
 
 +HVDSODQDQ� S� GH÷HUOHULQH� LOLúNLQ� 4-4� JUDIL÷L� ùHNLO� ����� LOH� J|VWHULOPLúWLU��
BekleneQ� YH� J|]OHQHQ� S� GH÷HUOHUL� DUDVÕQGDNL� GD÷ÕOÕPÕQ� X\XPX� EX� JUDILNWH�
LQFHOHQPLúWLU�� 
 

 
ùHNLO������7�P�613OHU�LoLQ�*:$6�LOH�(OGH�(GLOHQ�S�'H÷HUOHULQH�DLW�4-4�*UDIL÷L 
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Tablo 4.1 LVH� \DSÕODQ� *:$6� DQDOL]L� VRQXFXQGD� DQODPOÕ� EXOXQDQ� W�P�
613OHU¶H� DLW� |]HOOLNOHUL� J|VWHUPHNWHGLU�� %X� WDEOR� G�]HOWLOPLú� S� GH÷HUOHULQH� J|UH�
VÕUDODQPÕúWÕU�� 613OHU¶LQ� UV� VD\ÕODUÕ�� KDQJL� NURPR]RP� �]HULQGH� ROGXNODUÕ�� H÷HU�
ELOLQL\RUVD� KDQJL� JHQH� DLW� ROGXNODUÕ�� DOOHO� ED]ODUÕ�� ELULQFL� DOOHOLQ� KDVWD� YH�
NRQWUROOHUGHNL�J|U�OPH�VÕNOÕ÷Õ��DQDOL]�VRQXFXQGD�HOGH�HGLOHQ�NL�NDUH�LVWDWLVWL÷L GH÷HUL��
G�]HOWLOPHPLú�YH�G�]HOWLOPLú�S�GH÷HUOHUL�YH�RGGV�RUDQODUÕ�WDEORGD�J|U�OHELOLU� 

 
gUQH÷LQ� LON� VÕUDGD� J|VWHULOHQ� UV�������� QXPDUDOÕ� SNP 3. kromozom 

�]HULQGHGLU� YH� KDQJL� JHQ� �]HULQGH� NRQXPODQGÕ÷Õ� EHOLUOHQPHPLúWLU�� %LULQFL� DOOHO�
VLWR]LQ� LNLQFL�DOOHO� LVH� WLPLQGLU��6LWR]LQ�DOOHOL�YHUL�JUXEXQGD�KDVWDODUGD�����VÕNOÕNWD�
J|U�OP�úW�U�� .RQWUROOHUGH� J|U�OPH� VÕNOÕ÷Õ� LVH� ������� RODUDN� EXOXQPXúWXU�� Bu 
GXUXPGD� DOOHOLQ� RGGV� RUDQÕQÕQ� ����� ROGX÷X� J|]OHQPHNWHGLU�� .L� NDUH� GH÷HUL� ������
RODUDN�KHVDSODQPÕúWÕU��'�]HOWLOPLú�S�GH÷HULQH�J|UH�*:$6�DQDOL]LQLQ�VRQXQGD�KDVWD�
YH� NRQWURO� JUXSODUÕ� DUDVÕQGD� J|U�OPH� VÕNOÕ÷Õ� EDNÕPÕQGDQ� LVWDWLVWLNVHO� DQODPOÕOÕ÷Õ� HQ�
G�ú�N�EXOXQDQ�613�UV��������ROPXúWXU��S ������������� 

 
2GGV�RUDQODUÕQD�EDNÕODUDN�7DEOR�����EXOJXODUÕ�LQFHOHQGL÷LQGH��HQ�\�NVHN�RGGV�

RUDQÕQD� VDKLS�613¶LQ� UV��������ROGX÷X�J|U�OPHNWHGLU� �RGGV�RUDQÕ �������%X�613�
LoLQ�LON�DOOHO�RODQ�JXDQLQ�KDVWDODUGD�������VÕNOÕNWD�Jörülürken kontrollerde görülme 
VÕNOÕ÷Õ�������EXOXQPXúWXU�� 

 
<LQH�RGGV�RUDQODUÕQD�EDNÕODUDN�7DEOR����¶GH�J|U�OHQ�HQ�G�ú�N�RGGV�RUDQOÕ�LNL�

613¶LQ� UV�������� YH� UV�������� ROGXNODUÕ� J|U�OHELOLU�� +HU� LNL� 613� LoLQ� GH� ELULQFL�
DOOHOLQ�KDVWDODUGD�J|U�OPH�VÕNOÕ÷Õ�NRQWUROOHUGH�J|U�OPH�VÕNOÕ÷ÕQD�J|UH�GDKD�G�ú�NW�U���
UV��������QXPDUDOÕ�613�KDVWDODUGD������� VÕNOÕNOD�J|U�O�UNHQ�NRQWURO�ELUH\OHULQGH�
J|U�OPH� VÕNOÕ÷Õ� ������ EXOXQPXúWXU�� � UV�������� QXPDUDOÕ� 613� LoLQ� LVH� KDVWDODUGD�
J|U�OPH�VÕNOÕ÷Õ�������YH�NRQWUROOHUGH�J|U�OPH�VÕNOÕ÷Õ�LVH�������RODUDN�EXOXQPXúWXU� 

 
$QODPOÕ� EXOXQDQ� W�P� ��� 613¶GHQ� ��¶Õ� LoLQ� RGGV� RUDQÕ� �¶GHQ� G�ú�NW�U�

�PLQLPXP ����YH�PDNVLPXP �������*HUL\H�NDODQ����613�LoLQ�LVH�RGGV�RUDQÕ��¶GHQ�
E�\�N�EXOXQPXúWXU��PLQLPXP ����YH�PDNVLPXP ������� 

 
Tablo 4.1 ile gösteriOHQ� NURPR]RP� ELOJLVL� GLNNDWH� DOÕQGÕ÷ÕQGD� DQODPOÕ�

EXOXQPXú� RODQ� ��� DGHW� 613¶LQ� ��¶VLQLQ� ��������� �� QXPDUDOÕ� NURPR]RP� �]HULQGH�
oOGX÷X�J|U�OPHNWHGLU��$\UÕFD�613ler’LQ�ELOLQHQ�JHQOHUH�J|UH�GD÷ÕOÕPÕQD�EDNÕOGÕ÷ÕQGD�
GD����DGHW�613¶LQ�1$3��JHQL��]HULQGH�ROGX÷X�J|Uülmektedir (%10,99).  

 
ùHNLO���� LVH�DQDOL]H�NDWÕOPÕú�RODQ�W�P�613OHU�LoLQ�KHVDSODQDQ�S�GH÷HUOHULQLQ�

ORJDULWPLN� G|Q�ú�POH� J|VWHULOGL÷L� JUDILNWLU�� $QDOL]� LoLQ� NDEXO� HGLOHQ� S� GH÷HULQH�
��������� DLW� UHIHUDQV� oL]JLVL� LúDUHWOHQPLúWLU��7�P�613OHU� JHQRP��]HULQGHNL� IL]LNVHO�
NRQXPODUÕQD� J|UH� NRQXPODQGÕUÕOPÕúWÕU�� %|\OHFH� KHU� NURPR]RP� LoLQ� 613OHU�
LúDUHWOHQPLú�YH�UHIHUDQV�oL]JLVLQLQ��]HULQGH�NDODQ�DQODPOÕ�613OHU�J|VWHULOPLúWLU� 
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Kromozom SNP Gen Allel 
1 

Hastalarda Allel 
��)UHNDQVÕ���� 

Kontrollerde Allel 
��)UHNDQVÕ���� 

Allel 
2 

Ki Kare p '�]HOWLOPLú�
p 

Odds 
2UDQÕ 

3 rs1825828 - C 22 29,24 T 27,05 0,000000198 0,000000288 0,68 
11 rs4936819 - T 3,873 7,415 G 23,66 0,00000115 0,000001597 0,50 
23 rs5907577 - T 34,62 26,83 C 21,6 0,00000336 0,000004549 1,44 
12 rs4964010 ITPR2 G 31,03 38,15 T 21,27 0,00000398 0,000005364 0,73 
9 rs11789399 DBC1 G 51,35 44,14 A 21,15 0,00000424 0,000005704 1,34 
2 rs10193871 NAP5 G 10,43 15,16 A 20,31 0,0000066 0,00000877 0,65 
4 rs7690204 GYPA A 45,11 52,19 T 20,27 0,00000673 0,00000894 0,75 
3 rs620918 UBE2E2 G 47,37 40,33 A 20,17 0,00000709 0,000009399 1,33 

11 rs7931512 - C 21,23 27,2 T 19,74 0,00000886 0,00001168 0,72 
2 rs13430905 NAP5 A 10,64 15,3 G 19,48 0,0000102 0,00001334 0,66 

23 rs613278 - G 52,6 44,59 A 19,48 0,0000102 0,00001336 1,38 
2 rs1016771 VRK2 G 45,04 38,22 A 19,41 0,0000105 0,00001384 1,33 
2 rs13431418 NAP5 T 10,24 14,81 C 19,35 0,0000109 0,00001431 0,66 

12 rs4765864 CACNA2D4 G 24,93 19,22 A 19,3 0,0000112 0,00001467 1,40 
2 rs10496702 NAP5 A 10,29 14,86 G 19,27 0,0000114 0,00001489 0,66 
2 rs7600871 NAP5 A 10,29 14,86 G 19,27 0,0000114 0,00001489 0,66 
6 rs9475671 - T 47,47 40,62 C 19,15 0,0000121 0,00001584 1,32 

12 rs11532502 - A 16,35 21,75 G 19,14 0,0000121 0,00001588 0,70 
6 rs12523857 TIAM2 A 48,25 41,43 T 19,12 0,0000123 0,00001607 1,32 
6 rs12528887 TIAM2 T 48,25 41,43 C 19,12 0,0000123 0,00001607 1,32 
2 rs13399558 NAP5 A 12,26 17,12 T 19,06 0,0000127 0,00001655 0,68 
3 rs14380 VIPR1 A 19,59 14,41 T 19,03 0,0000129 0,00001679 1,45 
2 rs2043890 VRK2 C 30,06 36,55 T 18,89 0,0000138 0,00001801 0,75 

18 rs537962 KCNG2 C 37,86 31,41 G 18,69 0,0000154 0,00002001 1,33 
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Kromozom SNP Gen Allel 
1 

Hastalarda Allel 
��)UHNDQVÕ���� 

Kontrollerde Allel 
��)UHNDQVÕ���� 

Allel 
2 

Ki Kare p '�]HOWLOPLú�
p 

Odds 
2UDQÕ 

7 rs10949808 C7orf13 T 42,06 35,48 G 18,55 0,0000166 0,00002152 1,32 
9 rs11789407 ADAM19 G 50,3 43,56 T 18,53 0,0000167 0,00002167 1,31 
5 rs11740562 DBC1 C 7,792 4,55 T 18,53 0,0000167 0,00002168 1,77 
2 rs41523444 CENPO G 3,719 1,556 C 18,53 0,0000167 0,0000217 2,44 

10 rs7068008 FGFR2 A 42,08 48,83 G 18,4 0,0000179 0,00002318 0,76 
2 rs17800749 NAP5 T 10,64 15,15 C 18,37 0,0000181 0,00002349 0,67 
2 rs12469282 NAP5 T 12,37 17,17 A 18,37 0,0000182 0,0000236 0,68 

12 rs10784460 MSRB3 T 47,94 41,17 C 18,34 0,0000185 0,00002395 1,32 
7 rs4724977 C1GALT1 T 25,47 19,86 C 18,27 0,0000192 0,00002478 1,38 

23 rs677033 - G 52,53 44,78 A 18,24 0,0000194 0,00002512 1,37 
23 rs4825220 - T 52,26 44,52 C 18,2 0,0000199 0,00002565 1,36 
3 rs6775777 RYBP A 15,21 10,71 G 18,19 0,00002 0,00002577 1,50 
5 rs6891243 LOC442132 T 49,1 42,45 A 18,13 0,0000207 0,00002667 1,31 
1 rs11580589 PTPRU C 24,69 30,77 T 18,12 0,0000208 0,0000268 0,74 

18 rs4799092 KCNG2 G 37,86 31,52 C 18 0,0000221 0,00002844 1,32 
14 rs1092015 - T 3,38 1,361 C 17,94 0,0000228 0,00002936 2,54 
15 rs6603020 LOC648809 G 30,31 24,39 A 17,86 0,0000238 0,00003064 1,35 
2 rs13412008 NAP5 T 12,45 17,15 G 17,77 0,000025 0,00003209 0,69 
7 rs7800159 FLJ20323 A 24,38 18,94 C 17,7 0,0000259 0,00003327 1,38 

23 rs5909027 - T 52,28 44,64 C 17,64 0,0000266 0,00003415 1,36 
10 rs17153882 FANK1 G 1,236 3,202 C 17,52 0,0000285 0,00003648 0,38 
2 rs848291 FANCL T 44,01 37,56 C 17,5 0,0000288 0,00003682 1,31 

16 rs4786850 LOC440337 C 32,12 26,17 A 17,44 0,0000297 0,00003795 1,34 
21 rs11701130 SLC19A1 A 20,23 25,75 C 17,4 0,0000302 0,00003863 0,73 
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Kromozom SNP Gen Allel 
1 

Hastalarda Allel 
��)UHNDQVÕ���� 

Kontrollerde Allel 
��)UHNDQVÕ���� 

Allel 
2 

Ki Kare p '�]HOWLOPLú�
p 

Odds 
2UDQÕ 

1 rs577483 CLSPN A 10,56 14,92 G 17,33 0,0000314 0,00004007 0,67 
2 rs1158219 EIF2AK2 T 35,41 41,76 A 17,28 0,0000323 0,0000412 0,76 
2 rs6749561 NAP5 C 16,48 21,59 T 17,16 0,0000344 0,0000438 0,72 
7 rs10486158 FLJ20323 C 24,27 18,94 T 17,05 0,0000363 0,00004622 1,37 
1 rs535638 CLSPN C 10,59 14,91 T 17,01 0,0000372 0,0000473 0,68 
2 rs2717055 FANCL G 34,17 40,41 A 16,92 0,000039 0,00004951 0,77 
7 rs13233490 - G 2,198 0,6776 C 16,72 0,0000434 0,00005492 3,29 
2 rs12692245 ASB1 C 48,02 41,62 T 16,69 0,000044 0,0000557 1,30 

13 rs2129554 - A 0,7136 2,303 G 16,67 0,0000446 0,0000564 0,30 
9 rs10984107 DBC1 C 42,36 36,11 T 16,66 0,0000447 0,00005651 1,30 
1 rs10922013 KCNT2 A 19,84 25,33 C 16,6 0,0000462 0,00005846 0,73 
7 rs4726211 ACTR3B G 44,21 50,58 A 16,57 0,0000468 0,0000592 0,77 

20 rs6046396 RIN2 G 31,52 25,75 A 16,55 0,0000475 0,00006002 1,33 
9 rs7858079 DIRAS2 A 30,92 36,93 G 16,38 0,0000517 0,0000652 0,76 
7 rs2881814 - T 24,37 19,14 C 16,36 0,0000525 0,00006616 1,36 
9 rs10821402 DIRAS2 A 31,02 37,03 C 16,34 0,0000528 0,00006654 0,76 
7 rs6955140 RORA A 24,02 18,8 G 16,32 0,0000534 0,00006725 1,37 

15 rs3934516 - G 4,45 7,454 C 16,32 0,0000535 0,00006739 0,58 
11 rs11219172 - T 3,846 6,68 G 16,31 0,0000539 0,00006786 0,56 
22 rs9604779 BCL2L13 G 10,85 7,226 A 16,26 0,0000551 0,00006936 1,56 
21 rs2839020 PCBP3 A 24,51 30,23 G 16,23 0,0000562 0,00007067 0,75 
1 rs6688464 TFAP2E G 10,94 15,2 A 16,2 0,000057 0,00007163 0,69 
7 rs2159710 COL28A1 A 24,14 18,95 C 16,14 0,0000589 0,00007396 1,36 

14 rs8013833 LOC283551 A 0,6494 2,13 G 16,13 0,0000592 0,00007437 0,30 
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Kromozom SNP Gen Allel 
1 

Hastalarda Allel 
��)UHNDQVÕ���� 

Kontrollerde Allel 
��)UHNDQVÕ���� 

Allel 
2 

Ki Kare p '�]HOWLOPLú�
p 

Odds 
2UDQÕ 

16 rs7188257 A2BP1 C 32,92 27,15 T 16,08 0,0000606 0,00007608 1,32 
20 rs6023059 - C 44,51 50,77 T 16,02 0,0000628 0,00007874 0,78 
16 rs13336322 A2BP1 C 15,25 11,01 G 15,99 0,0000635 0,00007966 1,45 
1 rs2275313 SMYD3 G 7,9 11,62 C 15,9 0,0000669 0,00008377 0,65 

14 rs1956817 - G 1,82 0,4869 A 15,88 0,0000675 0,00008456 3,79 
15 rs7178655 - A 35,01 29,19 C 15,86 0,0000683 0,00008552 1,31 
20 rs6022716 FLJ35695 G 44,55 50,78 A 15,78 0,0000712 0,00008905 0,78 
2 rs35213472 CENPO G 3,497 1,549 A 15,78 0,0000713 0,00008911 2,30 

15 rs2643217 C20orf77 T 24,25 19,12 C 15,78 0,0000713 0,00008917 1,35 
2 rs2969363 MTX2 C 39,75 33,71 T 15,72 0,0000735 0,00009189 1,30 
7 rs2969637 - G 38,46 44,58 T 15,66 0,0000756 0,00009441 0,78 

17 rs2193055 ATP6V0E2 C 21,33 16,47 A 15,66 0,000076 0,00009484 1,38 
5 rs952037 C2orf34 A 32,22 26,57 G 15,62 0,0000773 0,00009647 1,31 
2 rs17498753 ADRA1B C 12,97 17,48 T 15,62 0,0000776 0,00009685 0,70 

13 rs7336303 - A 3,378 1,45 C 15,6 0,0000784 0,00009781 2,38 
7 rs17158578 - G 2,585 0,9406 C 15,59 0,0000788 0,00009823 2,80 

23 rs1244670 - C 47,8 40,68 T 15,57 0,0000793 0,00009892 1,34 
5 rs2673925 TRPC7 T 32,67 27,01 C 15,56 0,0000797 0,00009943 1,31 

12 rs328764 TBC1D15 A 20,08 15,36 G 15,56 0,0000798 0,0000995 1,39 
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ùHNLO����� 7�P�613OHU�LoLQ�.URPR]RPODUD�*|UH�*:$6�6RQXoODUÕQD�DLW�$QODPOÕOÕN�*UDIL÷L
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+DVWD� YH� NRQWURO� JUXSODUÕ� 613� VHYL\HVLQGH� NDUúÕODúWÕUÕOGÕNWDQ� VRQUD�� W�P�
613OHU¶LQ� IL]LNVHO� RODUDN� JHQRP� �]HULQGH� EXOXQGXNODUÕ� SR]LV\RQODU� HVDV� DOÕQGÕ� YH�
E|\OHFH�VRQXoODUÕQ�JHQ�G�]H\LQGH�GH�DQODPOÕOÕNODUÕ�LQFHOHQGL��$úD÷ÕGD�VXQXODQ�7DEOR�
4.2’de gen düzeyinGH� \DSÕODQ� DQDOL]� VRQXFXQGD� DOID ������ G�]H\LQGH� DQODPOÕ�
EXOXQDQ�JHQOHUH������JHQ��DLW�EXOJXODU�J|VWHULOPLúWLU�� 

 
Tablo 4.2. *:$6�LOH�+HVDSODQDQ�613�S�'H÷HUOHULQLQ�*HQ�'�]H\LQGH�'H÷HUOHQGLULOPHVL 
 

Kromozom Gen 613�6D\ÕVÕ %DúODQJÕo %LWLú p 
20 STK4 46 43028533 43142007 0,000117 
20 KCNS1 23 43154363 43163167 0,000118 
12 OR10AD1 28 46882388 46883342 0,000143 
20 WFDC5 23 43171506 43177217 0,000275 
17 RPL38 21 69711389 69717614 0,000291 
12 LOC387856 28 46863665 46865976 0,0004 
12 PIP4K2C 19 56271323 56283298 0,0005 
12 SLC26A10 19 56299959 56306201 0,000557 
12 GEFT 17 56290229 56297293 0,000595 
1 EIF2C1 10 36121396 36162486 0,000611 
12 DTX3 16 56284870 56289850 0,000663 
12 B4GALNT1 17 56305817 56313252 0,000833 
18 CDH19 30 62322300 62422196 0,000916 
17 C17orf55 12 76891218 76897643 0,000926 
1 OR2C3 20 245760056 245763764 0,000934 
2 COPS8 22 237658822 237672228 0,001028 
17 TMEM105 15 76899668 76919069 0,001083 
16 CREBBP 29 3715056 3870122 0,001203 
1 EIF2C3 11 36169358 36294650 0,001221 
6 SYNE1 235 152484514 153000227 0,001221 
12 ASB8 31 46827838 46837644 0,00139 
1 EIF2C4 6 36046414 36093775 0,001444 
7 SLC26A4 26 107088315 107145488 0,001499 
12 KIF5A 19 56230113 56264821 0,00151 
7 WNT2 39 116704517 116750579 0,00153 
2 QPCT 40 37425256 37453969 0,00161 
7 ASZ1 25 116790511 116854813 0,00165 
20 WFDC12 22 43185480 43186520 0,001719 
17 SLC38A10 17 76833393 76883691 0,001751 
19 NCLN 22 3136874 3160573 0,001876 
15 ZNF592 19 83092821 83150667 0,001882 
2 PRKD3 45 37331149 37397726 0,001957 
12 ZNF641 20 47022178 47030268 0,001979 
19 BRUNOL5 24 3175700 3248073 0,00199 
2 MBOAT2 33 8914151 9061327 0,00201 
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20 CABLES2 29 60397080 60415734 0,002082 
1 OLFML2B 84 160219605 160260268 0,002138 
7 CFTR 45 116907252 117095954 0,00216 
12 H1FNT 20 47009029 47010329 0,00217 
22 TCF20 21 40885962 40941389 0,00217 
12 TBC1D15 45 70519805 70604362 0,00218 
1 NEK7 43 196468304 196555392 0,0022 
1 C1orf216 8 35952063 35957377 0,002267 
1 CLSPN 8 35974404 36008138 0,002275 
20 KIAA0406 25 36044836 36095247 0,00229 
12 RAB21 16 70434924 70467417 0,00236 
15 CDAN1 19 40803051 40816709 0,002529 
13 CCDC122 39 43308488 43351826 0,002707 
17 C17orf89 14 76827705 76829693 0,00285 
13 C13orf31 30 43351419 43366068 0,00289 
11 C11orf10 17 61313177 61316661 0,002941 
11 C11orf9 18 61276696 61312565 0,00296 
11 POLD3 37 73981276 74031413 0,003 
17 KRTAP9-4 12 36659464 36660431 0,003 
11 FEN1 17 61316725 61321286 0,00304 
20 C20orf151 28 60418687 60435984 0,00307 
12 TMEM19 16 70366144 70384106 0,00308 
17 KRTAP9-8 14 36647795 36648782 0,00308 
12 BHLHB3 40 26164225 26169113 0,00312 
20 C20orf77 27 36095361 36154180 0,00314 
1 OR2W5 31 245721052 245722015 0,00316 
7 CTTNBP2 44 117137941 117300797 0,003171 
1 JMJD4 23 225985557 225989735 0,00324 
17 C17orf56 15 76816673 76827450 0,00327 
22 PHF21B 114 43655705 43784245 0,00331 
1 SEMA4A 21 154390011 154414159 0,00333 
7 MAD1L1 109 1821953 2239109 0,00334 
12 MSRB3 38 63958754 64146954 0,00334 
1 PDZK1IP1 26 47421847 47428358 0,00337 
20 RPS21 19 60395515 60396971 0,00341 
1 C1orf142 27 225989319 226035550 0,003457 
6 HIST1H1A 15 26125238 26126019 0,00352 
10 ABLIM1 130 116180858 116434404 0,00352 
17 KRTAP9-9 19 36642277 36666142 0,00359 
21 ZNF295 53 42280008 42303565 0,003638 
15 CTDSPL2 8 42506870 42606721 0,00365 
15 EIF3J 6 42616557 42642293 0,00374 
6 RPP40 49 4940278 4949270 0,00386 
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3 THOC7 13 63794585 63824637 0,00391 
19 DIRAS1 11 2665564 2672369 0,00396 
7 TNRC18 37 5312948 5429703 0,00404 
1 TMEM51 81 15352815 15419459 0,00412 
17 CCT6B 16 30279050 30312619 0,00418 
22 SEPT3 21 40702876 40724171 0,00422 
6 GLULD1 14 64047518 64087841 0,00435 
6 HIST1H3A 16 26128696 26129165 0,00437 
22 WBP2NL 20 40724737 40754423 0,00438 
11 FADS1 19 61323676 61340886 0,0044 
5 TRPC7 65 135577021 135720972 0,00441 
6 PHF3 13 64414389 64482364 0,00441 
19 VMAC 13 5855851 5861263 0,00445 
8 ARC 18 143689411 143692835 0,00451 
22 MKL1 31 39136237 39362636 0,004519 
6 HIST1H4A 16 26129885 26130257 0,00452 
2 SULT6B1 22 37248466 37269194 0,0046 
14 PPM1A 36 59782222 59835559 0,00461 
8 GPR20 18 142435768 142446547 0,00467 
20 LAMA5 24 60317515 60375763 0,00467 
11 NLRX1 14 118544649 118559936 0,00494 
1 CYP4A22 20 47375693 47387113 0,00497 
17 KRTAP17-1 27 36724694 36725473 0,00498 
 
Tablo 4.2’de J|U�OHQ� DQODPOÕ� ���� JHQ� LoLQ� NURPR]RP� WHPHOOL� EDNÕOGÕ÷ÕQGD��

���� NURPR]RPXQ� WRSODP� ��� DGHW� DQODPOÕ� JHQ� LOH� HQ� VÕN� DQODPOÕ� JHQ� EXOXQDQ�
NURPR]RP� ROGX÷X� J|U�OPHNWHGLU� ��������� $\UÕFD� �� QXPDUDOÕ� NURPR]RP� ��� JHQ�
�������YH����QXPDUDOÕ�NURPR]RP�GD�����JHQ�YH��������DQODPOÕ�EXOXQDQ�JHQ�VD\ÕVÕ�
EDNÕPÕQGDQ�LNLQFL�YH��o�QF��VÕUDGDGÕUODU� 

 
%X� DQDOL]� VRQXFXQGD� HOGH� HGLOHQ� S� GH÷HUOHULQLQ� \DQOÕOÕN� YH� GD÷ÕOÕPODUÕQÕ�

LQFHOHPHN�DPDFÕ\OD�ùHNLO����¶GH�VXQXODQ�4-4�JUDIL÷L�oL]LOPLúWLU�� 
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ùHNLO������Tüm Genler için GWAS ile Elde (GLOHQ�S�'H÷HUOHULQH�DLW�4-4�*UDIL÷L 
 
6RQ� RODUDN�� W�P� �������� 613¶LQ� WRSODP� ������� DGHW� JHQH� KDULWDODQGÕ÷Õ� YH�

W�P� JHQOHU� LoLQ� S� GH÷HULQLQ� KHVDSODQGÕ÷Õ� DQDOL]� VRQXFXQGD� HOGH� HGLOHQ� DQODPOÕOÕN�
G�]H\OHUL� ùHNLO� ���� LOH� J|VWHULOPLúWLU�� %XUDGD� PHYFXW� DQDOL]� LoLn belirlenen 0,005 
DQODPOÕOÕN�G�]H\L� UHIHUDQV�oL]JLVL� LOH� LúDUHWOHQPLú�ROXS�EX�UHIHUDQVÕQ��]HULQGH�NDODQ�
QRNWDODU�LOH�DQODPOÕ�EXOXQDQ�JHQOHULQ�W�P��LúDUHWOHQPLúWLU��*HQRP��]HULQGHNL�IL]LNVHO�
NRQXPODUÕQD� J|UH� \HUOHúWLULOHQ� JHQOHU� LoLQ� NURPR]RP� ELOJLOHUL� GH� grafikte 
görülebilmektedir.  
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ùHNLO����� Tüm Genler için Kromozomlara Göre GWAS 6RQXoODUÕQD�DLW�$QODPOÕOÕN�*UDIL÷L

44 
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 ùHNLO����� $QODPOÕ�%XOXQDQ�*HQOHULQ�.URPR]RPGDNL�3R]LV\RQODUÕQD�*|UH�*|VWHULPL 
 

ùHNLO� ���¶GH� J|U�OG�÷���]HUH�� ��� ���� ���� ���YH� ���QXPDUDOÕ� NURPR]RPODUGD�
JHQ�G�]H\LQGH�DQODPOÕOÕN�WHVSLW�HGLOHPHPLúWLU��'DKD�NR\X�LúDUHWOHPHOHULQ�J|U�OG�÷��
ED]Õ�E|OJHOHUGH�LVH�IL]LNVHO�NRQXP�RODUDN�ELUELULQH�\DNÕQ�JHQOHULQ�LVWDWLVWLNVHO�DQODPOÕ�
ROGX÷X�J|U�OPHNWHGLU��gUQH÷LQ����������������YH����QXPDUDOÕ�NURPR]RPODU��]HULQGH�
E|\OHVL�DQODPOÕ�YH�ELUELULQH�\DNÕQ�JHQ�ORNDV\RQODUÕ�ROGX÷X�J|]OHQPHNWHGLU�� 

 
4.2. MDMR %XOJXODUÕ 

$UDúWÕUPDQÕQ� LNLQFL YH� WHPHO�EDVDPD÷Õ�RODQ�0'05�X\JXODPDVÕ� LVH�ELSRODU�
ER]XNOXN� WDQÕVÕ� DOPÕú� KDVWDODUÕQ� IHQRWLSLN� |]HOOLNOHUL� EDNÕPÕQGDQ� ELUELUOHUL� LOH� LNLOL�
IDUNOÕOÕNODUÕQD�GD\DQDQ�ELU�X]DNOÕN�PDWULVL�WHPHOOL�UHJUHV\RQ�PRGHOL�LOH�LQFHOHQPLúWLU��� 

 
8]DNOÕN�PDWULVL� KHVDSODPDVÕ� LoLQ� KDVWDOÕN� VH\UL� LOH� LOLúNLOL� ROGX÷X� G�ú�Q�OHQ�

WRSODP���� DGHW� IHQRWLS� NXOODQÕOPÕúWÕU��.D\ÕS� YHULOHUOH� LOJLOL� ILOWUHOHPH�YH� oDOÕúPD\D�
GkKLO�HGLOPH�|Oo�WOHULQLQ�X\JXODQPDVÕ�VRQXFXQGD�WRSODP�����DGHW�KDVWD\D�DLW�YHULOHU�
NXOODQÕOPÕúWÕU�� 

 
ùHNLO����� LOH�KHVDSODQPÕú�RODQ�����[�����ER\XWXQGDNL�X]DNOÕN�PDWULVLQLQ� ÕVÕ�

JUDIL÷L� ELoLPLQGHNL� J|VWHULPL� VXQXOPXúWXU�� .ÕUPÕ]Õ� WDP� EHQ]HUOLN� PDYL� LVH� WDP�
IDUNOÕOÕN�LIDGH�HGHQ�UHQN�NRGXGXU. 
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ùHNLO����� +DVWDODUD�DLW�8]DNOÕN�Matrisinin Grafiksel Gösterimi  
 
ùHNLO� ���¶GD JUDILNVHO� J|VWHULPL� VXQXOPXú� RODQ� X]DNOÕN� PDWULVLQLQ� ED÷ÕPOÕ�

GH÷LúNHQ� ROGX÷X� YH� YHUL� VHWLQGHNL� W�P� 613OHU¶LQ� GH� ED÷ÕPVÕ]� GH÷LúNHQOHU� RODUDN�
X]DNOÕN�PDWULVLQGHNL�YDU\DV\RQX�DoÕNODPDN��]HUH�G�ú�Q�OG�÷��0'05�DQDOL]LQLQ�LON�
WHPHO� EDVDPD÷ÕQGD� SHUP�WDV\RQ� WHVWOHUL� NXOODQÕOPDGDQ� W�P� �������� 613� LoLQ� )�
LVWDWLVWL÷L�KHVDSODQPÕúWÕU�� 

 
+Lo�SHUP�WDV\RQ�WHVWL�X\JXODPDGDQ�WHN�ELU�613�LoLQ�WHN�ELOJLVD\DU�LúOHPFLVL�

D\UÕODUDN�\�U�W�OHQ�DQDOL]LQ�V�UHVL�\DNODúÕN���VDQL\H�V�UPHNWHGLU��7�P�613OHU¶LQ�)�
LVWDWLVWL÷LQLQ�KHVDSODQPD�V�UHVL��WHN�LúOHPFL�NXOODQDUDN�\DNODúÕN�����VDDWWLU� 

 
613OHU¶LQ�)� LVWDWLVWL÷L�GH÷HUOHUL�KHVDSODQGÕNWDQ�VRQUD�SHUP�WDV\RQ� WHVWOHULQH�

JHoLOHUHN� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� 613OHU¶L� WHVSLW� HWPHN� LoLQ� ILOWUHOHPH�
X\JXODQPÕúWÕU��)�LVWDWLVWL÷L�G�ú�N�RODQ�oRN�VD\ÕGD�613¶LQ�LVWDWLVWLNVHO�RODUDN�DQODPOÕ�
RODPD\DFD÷Õ��\DQL�S�GH÷HUL�EHOLUOHQPLú�DOID�GH÷HUL�RODQ������¶LQ�DOWÕQGD�RODFD÷Õ�LoLQ��
G�ú�N� )� LVWDWLVWL÷L� KHVDSODQDQ� 613OHU¶H� SHUP�WDV\RQ� WHVWL� \DSÕOPDPÕúWÕU�� %|\OHFH�
oRN� ID]OD� ]DPDQ� YH� ELOJLVD\DU� ND\QD÷Õ� JHUHNWLUHQ ve istatistiksel olarak önemli 
ROPD\DFD÷Õ�NHVWLULOHQ�613OHU�GÕúDUÕGD�EÕUDNÕOPÕúWÕU� 

 
%X�DúDPDGD�)�LVWDWLVWL÷LQH�J|UH�VÕUDODQDQ�613OHU¶GHQ�HQ�\�NVHN�)�LVWDWLVWL÷LQH�

VDKLS� EHOLUOL� VD\ÕGD� 613� SHUP�WDV\RQ� WHVWOHULQH� dâhil HGLOPLúWLU�� � %X� VD\Õ\Õ�
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EHOLUOH\HELOPHN�DPDFÕ\OD��VÕUDOÕ�OLVWHGHQ�ED]Õ�613OHU�VHoLOPLú�YH�bu SNPler’e 1.000 
permütasyonlu MDMR analizi X\JXODQPÕúWÕU��6HoLOHQ�613OHU��)�LVWDWLVWL÷L�HQ�\�NVHN�
olan 500üncü, 1.000inci, 2.500üncü ve 5.000inci SNPler’dir. Bu analizlerin sonunda 
elde edLOHQ� S� GH÷HUOHULQH� EDNÕOGÕ÷ÕQGD� ����QF�� 613� YH� �����LQFL� 613� DQODPOÕ�
EXOXQXUNHQ� ������QF�� 613� YH� �����LQFL� 613¶LQ� DQODPOÕ� ROPDGÕNODUÕ� J|]OHQPLúWLU��
%|\OHFH�DVÕO�DQDOL]�LoLQ�VÕUDOÕ�OLVWHGHNL�LON�������613¶LQ�VHoLOPHVLQH�NDUDU�YHULOPLúWLU��
Seçilen bu 2.500 SNP 1.000’er permütasyon testi LOH�DQDOL]�HGLOPLúWLU. Bu basamakta 
DOID�GH÷HUL�������RODUDN�EHOLUOHQPLúWLU� 

 
ùHNLO� ���¶GH� �������� 613¶H� DLW� )� LVWDWLVWL÷L� GD÷ÕOÕPÕ� JUDIL÷L� oL]LOPLúWLU��

+HVDSODQDQ� )� LVWDWLVWLNOHULQLQ� RUWDODPDVÕ� ����� YH� VWDQGDUW� VDSPDVÕ� GD� ��79 olarak 
EXOXQPXúWXU��(Q�G�ú�N�)�LVWDWLVWL÷L���YH�HQ�\�NVHN�)�LVWDWLVWL÷L�GH������¶GLU��� 

 

 
ùHNLO����� 0'05�$QDOL]L�6RQXFXQGD�7�P�613OHU¶H�DLW�)�øVWDWLVWL÷L�'H÷HUOHULQLQ�+LVWRJUDPÕ 
 
<XNDUÕGD� DoÕNODQGÕ÷Õ� JLEL�� HQ� \�NVHN� )� LVWDWLVWL÷LQH� VDKLS� ������ 613�

seçLOPLúWLU�� ������QF�� 613¶LQ� )� LVWDWLVWL÷L� ����¶GÕU� �ùHNLO� ������ 'ROD\ÕVÕ\OD� )�
LVWDWLVWL÷L� ����� LOH� ������ DUDVÕQGD� KHVDSODQDQ� WRSODP� ������ DGHW� 613� SHUP�WDV\RQ�
WHVWOHULQH�WDEL�WXWXOPXúWXU� 

 
%LU� DGHW� 613� LoLQ� ������ SHUP�WDV\RQOX� WHN� ELOJLVD\DU� LúOHPFLVL� D\UÕOan 

0'05� DQDOL]L� LoLQ� JHoHQ� V�UH� \DNODúÕN� ��� GDNLNDGÕU�� 7RSODP� ������ 613� LoLQ�
DQDOL]LQ� WDPDPODQPDVÕ� \DNODúÕN� ������ VDDW� �a���� J�Q�� V�UPHNWHGLU�� %X� VHEHSOH�
DQDOL]OHU����DGHW�SDUDOHO�LúOHPFL�LOH�\�U�W�OP�ú�YH�NHVLQWLVL]�\DNODúÕN���KDIWD�]DPDQ�
DOPÕúWÕU� 

 
BelirOHQPLú� RODQ� ������ G�]H\LQGHNL� LVWDWLVWLN� DQODPOÕOÕ÷Õ� ������ 613¶GHQ�

������WDQHVL�VD÷ODPÕúWÕU��7DEOR����¶GH�EX�613OHU¶GHQ�LON�����WDQHVL�J|VWHULOPLúWLU�� 
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Tablo 4.3. 0'05�6RQXoODUÕQD�*|UH�øVWDWLVWLNVHO�2ODUDN�$QODPOÕ�%XOXQDQ�øON�����613 
 

SNP N F 
øVWDWLVWL÷L 

p $oÕNODQDQ�9DU\DV\RQ�
Yüzdesi 

rs9352737 865 12,775 0 0,0145 
rs12035324 867 12,201 0 0,0139 
rs12332357 862 11,259 0 0,0129 
rs1351959 873 10,113 0 0,0114 
rs9375754 873 9,492 0 0,0213 
rs4664525 871 9,051 0 0,0204 
rs9946845 861 9,543 0 0,0109 
rs9361538 864 9,663 0 0,0110 
rs4706789 873 9,676 0 0,0109 
rs7278456 867 9,008 0 0,0204 
rs871436 872 8,961 0 0,0201 
rs9964530 873 9,173 0 0,0206 
rs1440752 873 9,056 0 0,0203 
rs16844893 870 8,998 0 0,0102 
rs17211228 873 8,790 0 0,0100 
rs9577730 853 8,519 0 0,0099 
rs10104788 873 8,179 0 0,0184 
rs10506556 873 8,394 0 0,0189 
rs2469354 871 8,061 0 0,0182 
rs1994069 873 8,447 0 0,0096 
rs6828388 872 8,435 0 0,0096 
rs6027005 873 8,195 0 0,0184 
rs2028945 865 8,147 0 0,0185 
rs3783124 825 8,645 0 0,0104 
rs6791443 870 8,278 0 0,0187 
rs6462731 871 7,872 0 0,0178 
rs11074925 871 8,381 0 0,0095 
rs16932028 872 7,910 0 0,0178 
rs10914351 865 8,801 0 0,0101 
rs12370025 870 8,257 0 0,0186 
rs7485934 873 7,793 0 0,0175 
rs1525299 867 8,049 0 0,0182 
rs17251516 873 8,041 0 0,0181 
rs678262 873 7,830 0 0,0176 
rs7159893 873 7,949 0 0,0179 
rs11116610 872 7,846 0 0,0177 
rs1782938 870 7,652 0 0,0173 
rs1735318 873 7,483 0 0,0168 
rs16982391 872 7,667 0 0,0173 
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rs6562214 863 7,808 0 0,0178 
rs16855571 869 7,729 0 0,0088 
rs6739985 869 7,520 0 0,0170 
rs17345849 873 7,395 0 0,0167 
rs2888810 873 7,284 0 0,0164 
rs7242702 873 7,746 0 0,0174 
rs628299 869 7,342 0 0,0166 
rs9955571 871 7,735 0 0,0174 
rs4752594 873 7,453 0 0,0085 
rs10788208 873 7,453 0 0,0085 
rs10861139 873 7,265 0 0,0164 
rs8058644 857 7,039 0 0,0162 
rs7091811 872 7,422 0 0,0084 
rs10749429 872 7,433 0 0,0084 
rs10861137 873 7,220 0 0,0163 
rs7298655 873 7,230 0 0,0163 
rs1659132 857 7,314 0 0,0168 
rs3850016 873 7,239 0 0,0163 
rs7295499 873 7,239 0 0,0163 
rs7314790 873 7,239 0 0,0163 
rs7964654 873 7,239 0 0,0163 
rs7465143 866 7,293 0 0,0166 
rs6715405 858 7,467 0 0,0171 
rs9289348 867 6,977 0 0,0158 
rs7008053 873 7,551 0 0,0170 
rs16869462 873 7,186 0 0,0162 
rs17059290 873 7,061 0 0,0159 
rs12329322 872 7,275 0 0,0164 
rs12570407 873 8,091 0 0,0092 
rs10958627 873 7,395 0 0,0084 
rs6558795 865 7,235 0 0,0164 
rs9576468 842 7,073 0 0,0165 
rs7301439 864 7,065 0 0,0161 
rs10197160 871 7,460 0 0,0085 
rs17113474 873 7,593 0 0,0086 
rs9491951 854 7,046 0 0,0082 
rs9976065 861 7,314 0 0,0084 
rs472730 865 7,260 0 0,0165 
rs9372972 873 6,981 0 0,0157 
rs995322 872 7,141 0 0,0161 
rs9352744 872 7,776 0 0,0088 
rs6790032 859 6,850 0 0,0157 
rs10829631 872 7,133 0 0,0161 
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rs12680875 873 7,017 0 0,0158 
rs17099529 858 7,594 0 0,0088 
rs4943561 863 6,866 0 0,0157 
rs727389 867 6,732 0 0,0153 
rs528765 865 6,965 0 0,0158 
rs9682236 873 6,727 0 0,0152 
rs17127810 873 7,029 0 0,0158 
rs9321245 870 6,743 0 0,0153 
rs13358776 849 7,008 0 0,0162 
rs3850017 872 6,745 0 0,0152 
rs11250936 847 6,633 0 0,0154 
rs17071652 805 6,900 0 0,0169 
rs11263754 872 6,521 0 0,0147 
rs17781327 873 6,791 0 0,0153 
rs16992856 870 6,567 0 0,0149 
rs1516555 873 6,772 0 0,0153 
rs2162075 872 7,197 0 0,0162 
rs12424244 871 6,804 0 0,0154 

  
Tablo 4.3’de J|U�OG�÷��JLEL�ED]Õ�613OHU�LoLQ�DQDOL]H�JLUHQ�NLúL�VD\ÕVÕ����¶GH�

GDKD� D]GÕU�� %XQXQ� QHGHQL�� YHULQLQ� JHQRWLS� NÕVPÕQGDNL� HNVLNOLNOHUGLU�� %LUH\OHUGHQ�
DOÕQDQ�GRNX�YH\D�NDQ�|UQHNOHULQLQ�VHNDQVODPD�VÕUDVÕQGD�oHúLWOL�IDNW|UOHUH�ED÷OÕ�RODUDN�
oDOÕúÕODQ�W�P�JHQRP�E|OJHOHUL�LoLQ�JHQRWLSOHQHPHPHVLQGHQ�ND\QDNODQPDNWDGÕU� 

 
7DEOR����¶GH�D\UÕFD�³$oÕNODQDQ�9DU\DV\RQ�<�]GHVL´�V�WXQX�VXQXOPXúWXU��%X�

V�WXQGDNL� GH÷HUOHU�� KHU� ELU� 613¶LQ� X]DNOÕN� PDWULVLQGH� DUDúWÕUÕODQ� YDU\DV\RQXQ� QH�
NDGDUOÕN�ELU�NÕVPÕQÕ�DoÕNOD\DELOGL÷LQL�J|VWHUPHNWHGLU��gUQH÷LQ�)�LVWDWLVWL÷L�HQ�\�NVHN�
bulunan rs9352737 QXPDUDOÕ� 613�� X]DNOÕN� PDWULVLQGH� J|]OHQHQ� YDU\DV\RQXQ�
%0,0145 NDGDUÕQÕ�DoÕNODPDNWDGÕU�� 

 
$QDOL]�VRQXFXQGD�������G�]H\LQGH�DQODPOÕ�EXOXQDQ�������613�LoLQ�DoÕNODQDQ�

YDU\DV\RQ�\�]GHVL�NÕVPÕ�WRSODQGÕ÷ÕQGD��������EXOXQPDNWDGÕU��<DQL�0'05�DQDOL]L�
LOH�KDVWDODUÕQ�IHQRWLSLN�|]HOOLNOHULQL� WHPHO�DODQ ELU�X]DNOÕN�PDWULVL�ROXúWXUXOXS 0,005 
G�]H\LQGH� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� RODQ� W�P� 613OHU� LQFHOHQGL÷LQGH�� EX� ������
SNP’in toplam varyasyonun toplamsal olarak %1����� NDGDUÕQÕ� DoÕNODGÕ÷Õ�
gözlenmektedir. 

 
4.3. GWAS ve MDMR %XOJXODUÕQÕQ�%LUOHúWLULOPHVL 

*:$6�YH�0'05�EDVDPDNODUÕQGDQ�ROXúDQ� W�P�o|]�POHPHOHULQ� VRQXFXQGD�
HOGH� HGLOHQ� �� N�PH� 613� YDUGÕU�� EX� N�PHOHUGHQ� ELULQFLVL� *:$6� LOH� WHVSLW� HGLOHQ�
SNPler, ikincisi ise MDMR ile tespit edilen SNPler’dir. 

 
+HU� LNL�DQDOL]� VRQXFXQGD�HOGH�HGLOHQ�VÕUDOÕ� OLVWHOHUGHNL� LON�������613� LoLQGH�

KHUKDQJL�ELU�NHVLúLP�ROXS�ROPDGÕ÷Õ� LQFHOHQGL÷LQGH�LVH��KHU� LNL�DQDOL]GH�RUWDN�RODUDN�
HQ�WHSHGHNL�������613�OLVWHVLQH�JLUHQ����DGHW�613�ROGX÷X�J|U�OP�úW�U��%X�613OHU�
7DEOR�����LOH�J|VWHULOPLúWLU� 
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Tablo 4.4. *:$6�YH�0'05�$QDOL]OHULQGH�(Q�hVW�������613�$UDVÕQGD�2UWDN�613OHU 
 

SNP GWAS 
6ÕUDODPDVÕ 

GWAS p 
'H÷HUL 

MDMR 
6ÕUDODPDVÕ 

MDMR p 
'H÷HUL 

rs620918 8 0,000009399 397 0 
rs8044639 161 0,0002019 2.489 0,029 
rs13338967 223 0,0002667 2.485 0,024 
rs41343045 464 0,0005569 2.245 0,009 
rs17087294 958 0,001148 2.175 0,009 
rs9392129 1.523 0,001876 2.085 0,008 
rs11243875 1.588 0,001952 1.002 0,002 
rs7863484 1.873 0,002294 1.621 0,004 
rs11814078 1.922 0,002369 2.293 0,010 
rs9649850 1.967 0,002424 1.414 0,003 
rs11838644 2.236 0,002768 2.474 0,020 
rs17295058 2.344 0,002924 2.384 0,014 
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7$57,ù0$ 
 
 

*HQHWLN� LOLúNL� DUDúWÕUPDODUÕ�� NRPSOHNV KDVWDOÕNODUÕQ� YH� IHQRWLSOHULQ� RUWD\D�
oÕNPDVÕQD� HWNL� HGHQ� NDOÕWVDO� IDNW|UOHULQ� QHOHU� ROGX÷XQX� DQOD\DELOPHN� LoLQ� |]HOOLNOH�
����\�]\ÕOÕQ�LNLQFL�\DUÕVÕQGDQ�LWLEDUHQ�oRN�VD\ÕGD�ELOLPVHO�oDOÕúPDGD�X\JXODQPÕúWÕU�� 

 '1$¶QÕQ� \DSÕVDO� RODUDN� NHúIL� ����� VHQHVLQGH� James D. Watson ve Francis 
Crick WDUDIÕQGDQ� JHUoHNOHúWLULOPLúWLU�� %X� oDOÕúPD� LOH� ELUOLNWH� ELOLP� G�Q\DVÕQGD�
\HS\HQL� ELU� GHYLU� DoÕOPÕú�� EL\RORMLN� ELOLPOHU� YH� WÕS� DODQÕQGD� ELUELULQL� WDNLS� HGHQ�
ELUoRN� \HQL� EXOXú� J|U�OP�úW�U�� &DQOÕODUÕQ� JHQHWL÷LQH� LOLúNLQ� ELOLQHQOHU� DUWWÕNoD��
\�]\ÕOODUGÕU� QHVLOGHQ� QHVOH� LOHWLOGL÷L� J|]OHQHQ� |]HOOLNOHULQ� KDQJL� PHNDQL]PDODUOD�
DNWDUÕOGÕ÷ÕQD� LOLúNLQ� VRUXODUÕQ� GD� FHYDEÕQÕ� DUD\DQ� DUDúWÕUPDODU� WDVDUODQDUDN�
X\JXODQPD\D�EDúODQPÕúWÕU�� 

 gWH� \DQGDQ�� WHNQRORML� DODQÕQGD� ND\GHGLOHQ� \�NVHN� LYPHOL� JHOLúPHOHU�� W�P�
ELOLP� DODQODUÕQGD� ROGX÷X� JLEL�� PROHN�OHU� EL\RORML� YH� JHQHWLN� DODQÕQGD� GD� NHQGLQL�
J|VWHUPH\H� EDúODPÕúWÕU�� gQFHOHUL� ODERUDWXYDU� RUWDPÕQGD� HPHN-\R÷XQ�� \�NVHN�
NRQVDQWUDV\RQ� LVWH\HQ�� ]DPDQ� DOÕFÕ� YH� J|UHFH� G�ú�N� J�YHQLOLUOLNOL� VRQXoODU� YHUHQ�
yöntHPOHU� LOH� \�U�W�OHQ� DUDúWÕUPDODU� \DSÕOPDNWD\GÕ�� )DNDW� \�NVHN� PLNURGL]L�
WHNQRORMLOHUL�� '1$� VHNDQVODPD� WHNQLNOHUL� YH� PLNURoLSOHU� NXOODQÕOPD\D� EDúODQGÕNoD�
EHQ]HU�DUDúWÕUPDODUÕQ�VD\ÕVÕ�YH�NDOLWHVL�GH�DUWPD\D�EDúODGÕ�� 

 Yeni milenyum ile birlikte Human Genome Project ve International HapMap 
Project JLEL� LNL� E�\�N� DUDúWÕUPDQÕQ� úHNLOOHQPHVL�� JHQHWLN� oDOÕúPDODUÕQ� ELOLPVHO�
DUDúWÕUPDODUÕQ� HQ� |QHPOL� RGDNODUÕQGDQ� ELUL� KDOLQH� G|Q�úPHVLQL� VD÷ODPÕúWÕU��*HQHWLN�
DUDúWÕUPDODU� VDGHFH� NOLQLN� WÕEEÕ� LOJLOHQGLUHQ� DODQODUGD� GH÷LO� EL\RORML�� JÕGD�
P�KHQGLVOL÷L��YLURORML��]LUDDW�YH�GDKD�ELUoRN�GDOD�GD�GDPJD�YXUPD\D�EDúODPÕúWÕU� 

 7�P� EX� JHOLúPHOHULQ� QHWLFHVLQGH� RUWD\D� oÕNDQ� HQ� E�\�N� VRQXoODUGDQ� ELULVL�
GHYDVD� ER\XWODUGD� YHULQLQ� �UHWLOPHVL� ROPXúWXU��9HULOHULQ� LúOHQPHVL�� NDOLWH� NRQWURO���
GHSRODQPDVÕ� YH� DQDOL]� HGLOPHVL� EDúOÕ� EDúÕQD� \HQL� ELU� GLVLSOLQLQ� HYULOPHVLQH� \RO�
DoPÕúWÕU�� 

 Temelleri matematik, istatistik, biyolojik bilimler ve enformasyon 
WHNQRORMLOHUL� �]HULQH� NXUXOX� RODQ� EL\RLQIRUPDWLN� DODQÕ�� YDUROXú� VHEHEL� JHUH÷L� oRN�
disiplinli bir DODQ� RODUDN� RUWD\D� oÕNÕS� J�Q� JHoWLNoH� GDKD� GD� ID]OD� |QHP� ND]DQPD\D�
EDúODPÕúWÕU�� � )DNDW� E|\OH� DUDúWÕUPDODUGDQ� HOGH� HGLOHFHN� YHULOHUL� LúOH\HUHN� ELOJL\H�
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G|Q�úW�UHFHN� úHNLOGH� DQDOL]� HGHELOPHN� LoLQ� \HQL� YH� HWNLQ� VWUDWHMLOHUH� LKWL\Do�
GX\XOPDNWDGÕU� 

 *:$6� DUDúWÕUPDODUÕ�� JHQHWLN� YHULOHULQ� HWNLQ� NXOODQÕOGÕ÷Õ� WHPHO� \|QWHPOHULQ�
EDúÕQGD�JHOPHNWHGLU��øONL������\ÕOÕQGD�\D\ÕQODQDQ�EX�DUDúWÕUPDODU��ELUoRN�KDVWDOÕN�YH�
IHQRWLSLQ� NDOÕWVDOOÕ÷ÕQD� LOLúNLQ� |QHPOL� EXOJXODUD� HULúPHPL]H� RODQDN� WDQÕPÕúWÕU� [53]. 
%XQXQOD� ELUOLNWH�� ]DPDQ� LoHULVLQGH� *:$6� oDOÕúPDODUÕQÕQ� NÕVÕWOÕOÕNODUÕ� GDKD� GD�
QHWOHúPLú�YH�\HQL�DOWHUQDWLI�\DNODúÕPODUD�JHUHNVLQLP�GX\XOGX÷X�J|U�OP�úW�U�[79].  

 *HOHQHNVHO� LVWDWLVWLNVHO� \DNODúÕPODU� YH� \D\JÕQ� NXOODQÕODQ� oRN� GH÷LúNHQOL�
\|QWHPOHULQ� JHQRPLN� YHULOHUH� X\JXODQPDVÕ� LVH� ED]Õ� DoÕODUGDQ� VRUJXODQPDNWDGÕU��
gUQH÷LQ� WHN� GH÷LúNHQOL� JHOHQHNVHO� LVWDWLVWLNVHO� o|]�POHPH� \|QWHPOHULQLQ�� ELUoRN�
faktörden etkilenen ve bu IDNW|UOHULQ� WRSODPVDO� HWNLVL� VRQXFXQGD� RUWD\D� oÕNWÕ÷Õ�
G�ú�Q�OHQ� SUREOHPOHUH� \DNODúÕPÕ� \HWHUVL]� NDODELOPHNWHGLU�� <DSÕODQ� oDOÕúPDODU�
J|VWHUPLúWLU� NL� 0HQGHOL\HQ� |]HOOLN� J|VWHUHQ� VÕQÕUOÕ� VD\ÕGDNL� KDVWDOÕN� YH� IHQRWLSOHU�
GÕúÕQGD�ELUoRN�NDOÕWVDO�|]HOOLN�NRPSOHNV \DSÕGDGÕU��*HQHWLN�ELOJLQLQ�oHYUH�IDNW|UOHUL�
YH�GDYUDQÕúVDO�|]HOOLNOHUOH�HWNLOHúLPL�EHOLUOH\LFL�RODELOPHNWHGLU�[59, 101]��%X�DoÕGDQ�
WHN�GH÷LúNHQOL�\|QWHPOHULQ�o|]�POHPHOHUL�ELUoRN�JHQHWLN�SUREOHPL�DoÕVÕQGDQ�WDWPLQ�
HGLFL�ROPDPDNWDGÕr. 

 6WDQGDUW�oRN�GH÷LúNHQOL�LVWDWLVWLNVHO�DQDOL]OHUGH�LVH�JHQHWLN�DUDúWÕUPDODUD�|]J��
ED]Õ� ]RUOXNODU� J|U�OHELOPHNWHGLU��%X� ]RUOXNODUGDQ� ELUL�� oRN� ID]OD� VD\ÕGD� GH÷LúNHQOH�
\�U�W�OHQ� IDNDW� |UQHNOHP� E�\�NO�÷�� J|UHFH� D]� RODQ� DUDúWÕUPD� WDVDUÕPODUÕGÕU��
Günümüzde bLUoRN� JHQHWLN� DUDúWÕUPDGD� ������ – ������ FLYDUÕQGD� ELUH\H�
XODúÕODELOPHNWHGLU�� 0DOL\HWOHULQ� oRN� ID]OD� VD\ÕGD� ROJX� LOH� oDOÕúÕODELOPHVLQL�
NÕVÕWODPDVÕ��E�\�N�|UQHNOHPOHUH�HULúPHQLQ�GR÷DO�]RUOXNODUÕ��DUDúWÕUÕODQ�ED]Õ�KDVWDOÕN�
ve fenotiplerin toplumda nadir görülPHVL�JLEL�VHEHSOHUOH�NLúL�VD\ÕVÕ�JHQHOOLNOH�EHOLUOL�
G�]H\OHULQ� �VW�QH� oÕNDPDPDNWDGÕU�� %XQXQOD� ELUOLNWH� KHPHQ� KHPHQ� KHU� JHQHWLN�
DUDúWÕUPDGD�oRN�ID]OD�VD\ÕGD�IDNW|U�Q�HWNLVL�DUDúWÕUÕOPDN�LVWHQPHNWHGLU��gUQH÷LQ�JHQ�
HNVSUHV\RQX� WHPHOOL� DUDúWÕUPDODUGD� \DNODúÕN� ������� FLYDUÕ� JHQH� DLW� YHUL�
WRSODQPDNWDGÕU�� <LQH� VWDQGDUW� ELU� *:$6� LoLQ� ELU� PLO\RQ� FLYDUÕQGD� 613¶LQ� HWNLVL�
LQFHOHQPHNWHGLU��gUQHNOHP�VD\ÕVÕQÕQ�NÕVÕWOÕ��LQFHOHQHQ�ED÷ÕPVÕ]�GH÷LúNHQ�VD\ÕVÕQÕQVD�
|UQHNOHP� VD\ÕVÕQD� J|UH� oRN� ID]OD� ROPDVÕ�� JHOHQHNVHO� oRN� GH÷LúNHQli analiz 
\|QWHPOHULQLQ� X\JXODQPD� ]RUOXNODUÕQÕQ� EDúOÕFDODUÕQGDQGÕU� [14]. Böylesi durumlarda 
oDOÕúPDQÕQ�LVWDWLVWLNVHO�J�F�Q�Q�G�ú�N�ROPDVÕ�LVWHQPH\HQ�ELU�GXUXPGXU� 

 %LU� GL÷HU� |QHPOL� NRQX� GD� LVWDWLVWLNVHO� KDWDQÕQ� oRNOX� WHVWOHU� QHWLFHVLQGH�
E�\�PHVLGLU�� dRN� VD\ÕGD� GH÷LúNHQLQ� LQFHOHQGL÷L� DUDúWÕUPDODUGD� KHVDSODQDQ�
istatistiksel hataODUÕQ� oRNOX� WHVWOHUH� J|UH� G�]HOWLOPHVL�� ELUoRN� DUDúWÕUPDQÕQ�
RGDNODQGÕ÷Õ�ELU�NRQXGXU�[150]��gUQH÷LQ�\DQOÕú�EXOXQXúOXN�RUDQÕ��IDOVH�GLVFRYHU\�UDWH�
– )'5�� \DNODúÕPÕ� LOH� oRNOX�NDUúÕODúWÕUPDODUGD�G�]HOWPHOHU� \DSÕODELOPHNWHGLU��)'5��
hata sonucunda reddedilen yokluk hipotezlerinin (tip I hata) toplam reddedilen 
KLSRWH]OHU� LoLQGHNL� EHNOHQHQ� RUDQÕQÕ� HVDV� DODUDN� G�]HOWPH� X\JXODU�� 6WDQGDUW�
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LVWDWLVWLNVHO� o|]�POHPHOHUGHQ� VÕN� NXOODQÕODQ� KDWD� G�]HOWPH� \DNODúÕPODUÕQGDQ� ELULVL�
RODQ� %RQIHUURQL� G�]HOWPHVLQH� NÕ\DVOD� GDKa esnektir. Bu nedenle genetik 
DUDúWÕUPDODUGD� NXOODQÕOPD� RUDQÕ� GD� ID]ODGÕU�� dRN� VD\ÕGD� )'5� G�]HOWPHVL� \DNODúÕPÕ�
|QH� V�U�OP�úW�U�� *HQHWLN� DUDúWÕUPDODUGD� HQ� VÕN� NXOODQÕODQ� \|QWHPOHULQ� EDúÕQGD�
Benjamini-Hochberg yöntemi gelmektedir [151]. 

 dRN� GH÷LúNHQOL� LVWDWLVWLNVHO� \|QWHPOHU�� \R÷XQ� KHVDSODPD� JHUHNWLUHQ�
PDWHPDWLNVHO� X\JXODPDODUGÕU�� +HU� QH� NDGDU� ELOJLVD\DU� GRQDQÕP� YH� \D]ÕOÕP�
WHNQRORMLOHULQGH� E�\�N� LOHUOHPHOHU� JHUoHNOHúPLú� GH� ROVD�� oRN� ER\XWOX� YHULOHULQ�
DQDOL]LQGH� EX� \|QWHPOHULQ� NXOODQÕOPDVÕ E�\�N�PLNWDUODUGD� ELOJLVD\DU� ND\QD÷ÕQD� YH�
X]XQ� ]DPDQODUD� JHUHNVLQLP� GX\PDNWDGÕU�� %X� VRUXQGDQ� NDoÕQDELOPHN� LoLQ� YHUL�
LQGLUJHPH�\DNODúÕPODUÕ�|QHULOHELOLU��)DNDW�ELUoRN�NRPSOHNV�IHQRWLSLQ�RUWD\D�oÕNÕúÕQGD�
popülasyonda nadir görülen fakat etkilenen bireyin geQRPXQGD�oRN�VD\ÕGD�EXOXQPDVÕ�
PXKWHPHO� YDU\DQWODUÕQ� WRSODPVDO� HWNLVL� ROGX÷X� G�ú�Q�OG�÷�QGH�� LQGLUJHPH�
\DNODúÕPODUÕQÕQ� GD� \HWHUVL]� RODFD÷Õ� J|U�OHELOLU� [33, 35, 36]. Bu nedenle genomik 
DUDúWÕUPDODU� LoLQ�� HOGH� HGLOPLú� YHULOHUL� KHU� GHWD\Õ� LOH� GH÷HUOHQGLUHELOHFHN�
o|]�POHPHOHULQ�NXOODQÕOPDVÕ�JHUHNPHNWHGLU�� 

 %�W�Q� EX� VÕUDODQDQ� VHEHSOHULQ� HWNLVL\OH�� JHQRPLN� DUDúWÕUPDODUOD� HOGH� HGLOHQ�
verileULQ�DQDOL]L� LoLQ�\HQL�\DNODúÕPODUD�JHUHNVLQLP�GX\XOPDNWDGÕU��%X�\DNODúÕPODUÕQ�
KHP� LVWDWLVWLNVHO� RODUDN� J�oO�� WHVWOHU� ROPDVÕ� KHP� GH� ND\QDN� NXOODQÕPÕ� EDNÕPÕQGDQ�
HWNLQ�ROPDVÕ�JHUHNPHNWHGLU�� 

 0'05�\|QWHPL�GH�EHQ]HU�SUREOHPOHU�LoLQ�úHNLOOHQGLULOPLú�oRN�GH÷LúNHnli bir 
o|]�POHPH�DUDFÕGÕU��<|QWHPLQ�ELUH\OHU�DUDVÕQGD�|Oo�OHQ�EHQ]HUOLN� ��X]DNOÕN� WHPHOOL�
ELU�ED÷ÕPOÕ�GH÷LúNHQ�PDWULVLQL�WHPHO�DODUDN�oRN�VD\ÕGD�JHQHWLN�GH÷LúNHQL�NXOODQÕS�EX�
PDWULV� LoLQGHNL� YDU\DV\RQX� DoÕNODPDVÕ� KHGHIOHQPHNWHGLU�� øON� WHRULN� WHPHOOHUL�
McAUGOH� YH� DUNDGDúODUÕ� WDUDIÕQGDQ� DWÕODQ� [97] YH� DUGÕQGDQ� 6FKRUN� YH� DUNDGDúODUÕ�
WDUDIÕQGDQ� JHQRPLN� DUDúWÕUPDODUGD� GD� NXOODQÕODELOPHN� �]HUH� úHNLOOHQGLULOHQ� [14] bu 
\|QWHP� úX� DQD� NDGDU� oHúLWOL� oDOÕúPDODUGD� X\JXODQPÕúWÕU� [15-18, 98]. Yöntemin 
D÷ÕUOÕNOÕ� RODUDN� X\JXODQGÕ÷Õ� JHQHWLN� DUDúWÕUPDODUÕQ� RUWDN� |]HOOL÷L�� JHQ� HNVSUHV\RQX�
WHPHOOL� DUDúWÕUPDODU� ROPDODUÕGÕU�� %LUH\OHU� DUDVÕQGDNL� EHQ]HUOLN� YH\D� IDUNOÕOÕNODU��
JHQOHULQ�HNVSUHV\RQ�GH÷HUOHULQH�J|UH�KHVDSODQPÕú�YH�ED÷ÕPOÕ�GH÷LúNHQ�PDWULVL�E|\OH�
ROXúWXUXOPXúWur [14]�� 0DWULVLQ� JUDILNVHO� J|VWHULPL�� ELUH\OHU� DUDVÕQGDNL� N�PH� YH�
örünt�OHUL�GH�úHNLOVHO�RODUDN�RUWD\D�NR\DELOPHNWHGLU��ùHNLO������� 

 )DNDW� \|QWHPLQ� HVQHNOL÷L� YH� LVWDWLVWLNVHO� J�o� DoÕVÕQGDQ� GL÷HU� ELUoRN� oRN�
GH÷LúNHQOL�o|]�POHPH�\|QWHPLQH�J|UH�E�\�N�VD\ÕODUGD�GH÷LúNHQ�LoHUHQ�DUDúWÕUPDODUD�
X\JXQ�ROGX÷XQXQ�J|VWHULOPLú�ROPDVÕ�[14]���\|QWHPLQ�613�WHPHOOL�DUDúWÕUPDODU�LoLQ�GH�
X\JXQ� RODELOHFH÷LQL� G�ú�QG�UPHNWHGLU�� <XNDUÕGD� GD� YXUJXODQGÕ÷Õ� JLEL� VWDQGDUW� ELU�
613�WHPHOOL�DUDúWÕUPDGD��613�VD\ÕVÕ�ELU�PLO\RQD�NDGDU�XODúDELOPHNWHGLU�� 

 $\UÕFD�ELUoRN�DUDúWÕUPDFÕ�VDGHFH�EHOLUOL�ELU�IHQRWLSLQ���KDVWDOÕ÷ÕQ�YDUOÕ÷Õ�YH\D�
\RNOX÷XQXQ� QHGHQVHOOL÷LQL� GH÷LO�� KDVWDOÕNODUÕQ� VH\ULQL� EHOLUOH\HQ� NDOÕWVDO� IDNW|UOHUL�
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incelemektedir. Geleneksel vaka – NRQWURO�oDOÕúPDODUÕQÕQ�|WHVLQGH��ELUH\OHUGHQ�DOÕQDQ�
fenRWLSLN�ELOJLOHULQ�|QHPOL�ROGX÷X�EHQ]HU�DUDúWÕUPDODUGD�WRSODQDQ�EX�ELOJLOHULQ�DQDOL]L�
LoLQ�0'05�\|QWHPLQLQ�X\JXQ�ROGX÷X�G�ú�Q�OHELOLU�� 

 %X� DUDúWÕUPDGD� 0'05� \|QWHPL� LON� NH]� IHQRWLS� ;� JHQRWLS� HWNLOHúLPLQL�
LQFHOH\HELOPHN� DPDFÕ\OD� NXOODQÕOPÕúWÕU�� %LSRODU� ER]XNOXN� KDVWDODUÕQGDQ� WRSODQPÕú�
RODQ�YH�KHU�ELUL�NOLQLN�RODUDN�KDVWDOÕN�VH\UL\OH�\DNÕQ�LOLúNLOL�NDEXO�HGLOHQ�oRN�VD\ÕGD�
IDUNOÕ� IHQRWLS� WHPHO� DOÕQPÕú� YH� ELUH\OHULQ� ELUELUOHUL� LOH� J|VWHUGLNOHUL� IDUNOÕOÕNODU�
LQFHOHQPLúWLU��%X�DPDoOD�IHQRWLS�WHPHOOL�ELU�X]DNOÕN�PDWULVL�ROXúWXUXOPXú�YH�*:$6�
DUDúWÕUPDVÕ�LoLQ�WRSODQPÕú�RODQ���������FLYDUÕ�613�ELOJLVL�EX�PDWULVWHNL�YDU\DV\RQX�
DoÕNODPDGD�NXOODQÕOPÕúWÕU�� 

 +HSVL� D\QÕ� WDQÕ\Õ� DOPÕú� ELUH\OHULQ� E�W�Q�\OH� EHQ]HU� KDVWDOÕN� VH\UL�
J|VWHUPH\HELOHFH÷L� ELOLQPHNWHGLU�� %LUoRN� NRPSOHNV KDVWDOÕN� LoLQ� IDUNOÕ� KDVWDOÕN�
HYUHOHUL� YH� NDUDNWHULVWLNOHUL� YDUGÕU�� 1|URSVLNL\DWULN� ER]XNOXNODU� GD� EX� DQODPGD�
oldukça heterojen seyre VDKLSWLUOHU��%LU�KDVWDOÕ÷ÕQ�SDWRIL]\RORMLVL�ELOLQL\RUVD��|UQH÷LQ�
ELU�HQ]LP�HNVLNOL÷L���EX�GXUXPGD�DGD\�JHQOHUL�EHOLUOHPHN YH�'1$�VHNDQVÕQÕQ�KDQJL�
E|OJHVLQLQ� KDVWDOÕ÷D� QHGHQ� ROGX÷XQX� WHVSLW� HWPHN� J|UHFH� NROD\GÕU�� 3VLNL\DWULN�
bozukluklar içinse patofizyoloji genellikle bilinmemektedir [123]��$\UÕFD�NRPSOHNV�
KDVWDOÕNODUÕQ�QDGLU�J|U�OHQ�DPD�ELUH\GH�ID]OD�VD\ÕGD�EXOXQDELOHQ�JHQHWLN�YDU\DQWODUÕQ�
WRSODPVDO� HWNLVLQGHQ� ND\QDNODQDELOHFH÷L� GH� G�ú�Q�OG�÷�QGH�� KDVWD� bireylerin 
WDúÕGÕNODUÕ� JHQHWLN� YDU\DV\RQ� PLNWDUÕQD� J|UH� KDVWDOÕN� VH\LUOHULQLQ� GH÷LúLNOLN�
J|VWHUHELOHFH÷L�YDUVD\ÕODELOLU� 

 %XUDGDQ� KDUHNHWOH� DUDúWÕUPDPÕ]� KDVWD� ELUH\OHULQ� IHQRWLSLN� YHULOHULQL�
JHQRPODUÕQGDQ� HOGH� HGLOPLú� 613� YHULOHUL� LOH� DoÕNOD\DELOPH� DPDFÕQD� RGDNODQPÕúWÕU��
MDMR yöntemLQLQ� EDVDPDNODQGÕUÕOPDVÕ� YH� SHUP�WDV\RQ� WHVWOHUL� LoLQ� EHOLUOL� ELU�
strateji izlenmesi sonucunda toplam 1.728 adet SNP’in 0,005 seviyesinde istatistiksel 
RODUDN� DQODPOÕ� ROGX÷X� J|U�OP�úW�U�� 7DEOR� ���¶GH� )� LVWDWLVWL÷LQH� J|UH� VÕUDODQPÕú�
úHNOL\OH� HQ� DQODPOÕ� EXOXQDQ� ���� 613� J|VWHULOPLúWLU�� $\UÕFD� 0'05� DQDOL]L�
VRQXFXQGD� DQODPOÕ� EXOXQDQ� EX� ������ 613¶LQ�� IHQRWLS� ELOJLOHUL� LOH� ROXúWXUXOPXú�
X]DNOÕN� matrisindeki YDU\DV\RQXQ� WRSODP� ������¶LQL� DoÕNODGÕ÷Õ� EXOXQPXúWXU�� %X�
EXOJX�� JHQHWLN� YDU\DV\RQODUÕQÕQ� HWNLVLQLQ� WRSODPVDOOÕ÷Õ� EDNÕPÕQGDQ� |QHmlidir. 
øQFHOHQHQ� 613OHU¶GHQ� \DNODúÕN� �����¶�� LVWDWLVWLNVHO� RODUDN� |QHPOL� EXOXQXUNHQ� EX�
613OHU�WRSODPGD�IHQRWLSLN�YDU\DV\RQXQ�\DNODúÕN����¶VLQL�DoÕNOD\DELOPHNWHGLU� 

 ùHNLO����¶GD�KDVWDODUÕQ�IHQRWLSLN�ELOJLOHUL�LOH�ROXúWXUXODQ�X]DNOÕN�PDWULVLQLQ�ÕVÕ�
JUDIL÷L�LOH�J|VWHULPL�VXQXOPXúWXU��%X�JUDILNWHQ�KDVWDODUÕQ�ELUELUOHUL�LOH�ROXúWXUGXNODUÕ�
GR÷DO� N�PHOHU� YH� |U�QW�OHU� GH� J|U�OPHNWHGLU�� %X� J|VWHULP�� 0'05� DQDOL]LQLQ�
J|UVHOOLN�EDNÕPÕQGDQ�VD÷ODGÕ÷Õ�|QHPOL�ELU�DYDQWDMGÕU��� 

 dDOÕúPDPÕ]ÕQ� ELU� GL÷HU� DPDFÕ� GD� KHP� KDVWD�– NRQWURO� DUDVÕQGD� DQODPOÕ� HWNL�
J|VWHUHQ� KHP� GH� VDGHFH� KDVWD� JUXEX� LoHULVLQGHNL� IHQRWLSLN� YDU\DV\RQX� DoÕNOD\DQ�
613OHU¶LQ� YDU� ROXS� ROPDGÕ÷ÕQÕ� LQFHOH\HELOPHNWLU�� 7DEOR� ���¶GH� EX� NRúXOX� \HULQH�
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JHWLUHQ� ��� DGHW� 613¶H� LOLúNLQ� ELOJLOHU� VXQXOPXúWXU�� %X� ��� 613¶LQ� KHP� KDVWDOÕ÷ÕQ�
RUWD\D� oÕNPDVÕQGD� KHP� GH� VH\ULQGH� |QHPOL� ROGX÷X� J|U�OPHNWHGLU�� dDOÕúPDPÕ]� EX�
|]HOOL÷L\OH�GH�ELSRODU�ER]XNOXN�JHQHWL÷L�DODQÕQGD�\DSÕOPÕú�WHN�DUDúWÕUPDGÕU�� 

 $UDúWÕUPDPÕ]OD� LOJLOL� HQ� |QHPOL� NÕVÕWOÕOÕN�� 0'05� \|QWHPLQLQ� oRN� \R÷XQ 
ND\QDN� NXOODQÕPÕ� JHUHNWLUPHVLGLU�� 7RSODP� ������ DGHW� SHUP�WDV\RQ� WHVWLQH� WDEL�
WXWXODQ� WHN� ELU� 613� LoLQ� KDUFDQDQ� V�UHQLQ� ��� GDNLND\Õ� EXOPDVÕ�� E�W�Q� JHQRPGDQ�
DOÕQPÕú�RODQ�\DNODúÕN���������613¶LQ�KHSVL�LoLQ�SHUP�WDV\RQ�WHVWOHULQLQ�\DSÕOPDVÕQÕ�
RODQDNVÕ]� NÕOPDNWDGÕU�� <LQH� GH� )� LVWDWLVWL÷L� WHPHO� DOÕQDUDN� X\JXODPÕú� ROGX÷XPX]�
ILOWUH� EDVDPD÷Õ� LOH� J|]� DUGÕ� HGLOHELOLU� HWNLVL� RODQ� 613OHU¶L� HOHPH� \|Q�QGHNL�
VWUDWHMLPL]LQ�YHULPOL�ROGX÷X�VDYXQXODELOLU��$QODPOÕ�EXOXQDQ�613�RUDQÕQÕQ�DoÕNODGÕ÷Õ�
yüksek miktardaki fenotipik var\DV\RQ�GD�EX�J|U�ú�P�]��GHVWHNOHPHNWHGLU�� 

 %XQXQOD� ELUOLNWH�� JHQRP� oDSÕQGDNL� DQODPOÕOÕN� LoLQ� �����¶GHQ� ID]OD�
SHUP�WDV\RQ� WHVWLQH� LKWL\Do� GX\XODELOLU��*HQRP� oDSÕQGD� LVWDWLVWLNVHO� RODUDN� DQODPOÕ�
NDEXO� HGLOHELOHFHN� S� GH÷HULQLQ� ��-6 VHYL\HVLQGH� KHVDSODQPDVÕ� Slanlanacak olursa 
SHUP�WDV\RQ� VD\ÕVÕQÕ� ELQ� NDWÕQD� oÕNDUPDN� JHUHNHFHNWLU�� %X� GXUXPGD� EHQ]HU� ELU�
oDOÕúPDQÕQ�WDPDPODQPDVÕ� LoLQ�������SDUDOHO� LúOHPFL�NXOODQÕOGÕ÷Õ�YDUVD\ÕOÕUVD�NDEDFD�
���� J�QH� LKWL\Do� GX\XODFDNWÕU�� 3DUDOHO� LúOHPFL� NXOODQÕPÕ� YH� DQDOL]H� LOLúNLQ� Eir 
SODQODPD� VWUDWHMLVL� úDUWWÕU�� %X� DoÕGDQ� \|QWHPLQ� GL÷HU� EHQ]HU� oRN� GH÷LúNHQOL�
\DNODúÕPODUD�NÕ\DVOD�ELU�DYDQWDM�VD÷ODPDGÕ÷Õ�V|\OHQHELOLU� 

 Tüm genomdan SNP düzeyinde toplanan veriler genellikle GWAS 
DUDúWÕUPDODUÕQÕQ� WHPHOLQL� ROXúWXUPDNWDGÕU�� *HQ� HNVSUHV\RQX� |Oo�OHUHN� \DSÕODQ�
DUDúWÕUPDODUGD� LVH� HWNLOHU� JHQ� VHYL\HVLQGH� |]HWOHQPHNWHGLU�� $UDúWÕUPDPÕ]GD�
X\JXODGÕ÷ÕPÕ]�*:$6�\DNODúÕPÕQGD�LVH�KHP�613�KHP�GH�JHQ�G�]H\LQGH�LVWDWLVWLNVHO�
HWNLOHU� LQFHOHQPLúWLU�� 7DEOR� ���¶GH� DQODPOÕ� EXOXQDQ� 613¶OHU� J|U�OPHNWHGLU�� (N�
olarDN�� W�P� 613OHUH� DLW� *:$6� VRQXoODUÕ� LOH� \DSÕODQ� \HQL� KHVDSODPDODU� LOH� JHQ�
G�]H\LQGH� LVWDWLVWLNVHO� DQODPOÕOÕN� LQFHOHQPLúWLU�� %X� HN� DQDOL]H� LOLúNLQ� EXOJXODU� LVH�
7DEOR�����LOH�VXQXOPXúWXU��+HU�LNL�G�]H\GH�HWNLQLQ�ELUOLNWH�VXQXOGX÷X�DUDúWÕUPDODUÕQ�
GDKD� DoÕNOD\ÕFÕ� RODFD÷Õ� YH� JHOHFHN� DUDúWÕUPDODUGD� GD� EXQD� EHQ]HU� ELU� VWUDWHMLQLQ�
EHQLPVHQHFH÷L�G�ú�Q�OPHNWHGLU��%X�EDNÕPGDQ�DUDúWÕUPDPÕ]�E�\�N�ELU�*:$6�YHULVL�
LOH�KHP�613�KHP�GH�JHQ�ED]ÕQGD�DQDOL]�JHUoHNOHúWLULOHQ�LON�X\JXODPDODUGDQGÕU� 

 ùHNLO�����YH�ùHNLO����¶GH�*:$6�DUDúWÕUPDVÕQÕQ�KHP�613�WHPHOOL�KHP�GH�JHQ�
WHPHOOL�EDVDPDNODUÕ�LoLQ�4-4�JUDILNOHUL�VXQXOPXúWXU��%X�JUDILNOHU�KHU�LNL�EDVDPDNWD�
GD� HOGH� HGLOHQ� S� GH÷HUOHULQLQ� \DQOÕOÕNWDQ� X]DN� ROGX÷XQX� J|VWHUPHNWHGLU�� g]HOOLNOH�
ùHNLO� ���¶GH� J|VWHULOHQ� JHQ� WHPHOOL� EDVDPD÷D� DLW VRQXoODU� EX� EDNÕPGDQ� GDKD� GD�
|QHPOLGLU�� %XQXQ� QHGHQL�� JHQ� WHPHOOL� JHQHWLN� DUDúWÕUPDODUÕQ� HVDV� RODUDN� JHQOHULQ�
HNVSUHV\RQ� G�]H\OHUL� |Oo�OHUHN� JHUoHNOHúWLULOPHVL� IDNDW� EL]LP� DUDúWÕUPDPÕ]GD� EXQX�
613OHU� ED]ÕQGD� KHVDSODQDQ� S� GH÷HUOHULQGHQ� \ROD� oÕNÕODUDN� \DSÕOPDVÕGÕU�� %X�
EDVDPDNWD� NXOODQGÕ÷ÕPÕ]� LVWDWLVWLNVHO� \|QWHPLQ�� JHUoHN� YHULOHU� LOH� E|\OHVLQH�
\DQOÕOÕNWDQ�X]DN�EXOJXODU�VD÷ODPDVÕ�GLNNDW�oHNLFLGLU� 
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 %L\RLQIRUPDWLN� DODQÕQÕQ� oRN� GLVLSOLQOL� GR÷DVÕ� JHUH÷L�� HOH� DOÕQDQ� DUDúWÕUPD�
VRUXVXQXQ� DLW� ROGX÷X� ELULQFLO� GLVLSOLQOH� LúELUOL÷L� |QHPOLGLU�� %X� DQODPGD 
EXOJXODUÕPÕ]ÕQ�� DUDúWÕUPDPÕ]GD� NDOÕWVDO� IDNW|UOHULQ� HWNLVLQLQ� LQFHOHQGL÷L� |QHPOL� ELU�
Q|URSVLNL\DWULN� KDVWDOÕN� RODQ� ELSRODU� ER]XNOXN� WDQÕVÕQÕQ� NOLQLN� G�]H\GH� \HWNLQ�
X]PDQODUÕQFD� GH÷HUOHQGLULOPHVL� |QHPOLGLU�� %L\RLQIRUPDWLN� \DNODúÕPODU� EHQ]HU�
SUREOHPOHU�LoLQ�J�YHQLOLU�YH�HWNLQ�o|]�P�VWUDWHMLOHUL��UHWPHN�YH�X\JXODPDN�DPDFÕ\OD�
úHNLOOHQGLULOPHNWHGLU�� %X� VWUDWHMLOHULQ� ELOLPVHO� LúELUOL÷L� GkKLOLQGH� LOJLOL� GLVLSOLQOHUOH�
EHUDEHU� X\JXODQPDVÕ� HVDVWÕU�� %X� EDNÕPGDQ� DUDúWÕUPDPÕ]ÕQ� EXOJXODUÕQÕQ� NOLQLN�
|QHPOLOL÷L� YH� \RUXPODQPDVÕ� WHPHO� RODUDN� X]PDQ� SVLNL\DWULVWOHUFH�
GH÷HUOHQGLULOPHOLGLU� 

%XQXQOD�ELUOLNWH��EDúWD�ELSRODU�ER]XNOXN�ROPDN��]HUH�ELUoRN�Q|URSVLNL\DWULN�
UDKDWVÕ]OÕNOD� LOJLOL� úX� DQD� NDGDU� \D\ÕQODQPÕú� JHQHWLN� DUDúWÕUPD� EXOXQPDNWDGÕU�� %X 
DUDúWÕUPDODU� VRQXFXQGD� EX� NRPSOHNV� KDVWDOÕ÷ÕQ� NDOÕWÕPÕQÕ� GR÷UXGDQ� DoÕNOD\DQ� 613�
YH\D� JHQOHULQ� ROPDGÕ÷Õ� J|U�OPHNWHGLU�� )DNDW� ED]Õ� DUDúWÕUPDODUGD� LVWDWLVWLNVHO� RODUDN�
|QHPOL� ROGX÷X� J|VWHULOHQ� ED]Õ� JHQRP� E|OJHOHULQLQ� WHNUDUOÕ� RODUDN� UDSRU� HGLOGL÷L�
görülebiliU�� %X� JHQOHUGHQ� EDúOÕFDODUÕ� '*.+�� &$&1$�&� YH� $1.�� JHQOHUL� ROXS�
oHúLWOL� DUDúWÕUPDODUGD�EX�JHQOHULQ� JHQRP�oDSÕQGD� DQODPOÕ�ROGXNODUÕ� WHNUDUOÕ� ELoLPGH�
J|VWHULOHELOPLúWLU�[5-12]. 

%L]LP� DUDúWÕUPDPÕ]GD� XODúWÕ÷ÕPÕ]� EXOJXODU� GD� HVNL� EHQ]HU� oDOÕúPDODUD�
EDNÕODUDN�GH÷HUOHQGLULOHELOLU��%X�GH÷HUOHQGLUPH�KHU�QH�NDGDU�DODQÕQ�NOLQLN�X]PDQODUÕ�
WDUDIÕQGDQ� \RUXPODQPDN�GXUXPXQGD� GD� ROVD�� EXOJXODUÕQ� NDUúÕODúWÕUPDOÕ� LQFHOHQPHVL�
DUDúWÕUPDPÕ]�EDNÕPÕQGDQ�GH÷HUOLGLU� 

*:$6�EDVDPD÷ÕQGD�DQODPOÕ�EXOXQDQ�UV����������rs10496702, rs10949808,  
rs11740562 ve rs6046396 QXPDUDOÕ�613OHU�GDKD�|QFH�JHUoHNOHúWLULOHQ�ELU�PHWD�DQDOL]�
oDOÕúPDVÕQGD� GD� ELSRODU� ER]XNOXN� LOH� LOLúNLOHQGLULOPLúWLU� [152]. Smith ve 
DUNDGDúODUÕQÕQ� ELSRODU� ER]XNOX÷X� IDUNOÕ� ÕUNODUGD� LQFHOHGLNOHUL� ELU� GL÷HU� DUDúWÕUPDGD�
yine rs10193871 ve rs5907577 QXPDUDOÕ� 613OHU� UDSRUODQPÕúODUGÕU� [5]. Graae ve 
DUNDGDúODUÕQÕQ�ELSRODU�JHQHWL÷LQH� LOLúNLQ�DUDúWÕUPDVÕQGD�GD� rs6023059 SNP’i önemli 
EXOXQPXúWXU�[153]. 

dRN�VD\ÕGD�613¶LQLQ�*:$6�VRQXFXQGD�LVWDWLVWLNVHO�RODUDN�DQODPOÕ�ROGX÷XQX�
J|VWHUPLú� ROGX÷XPX]� 1$3�� JHQLQLQ� ELUGHQ� oRN� ELSRODU� oDOÕúPDVÕQGD� KDVWDOÕNOD�
LOLúNLOHQGLULOPLú�ROGX÷X�J|U�OPHNWHGLU� [5, 152]��$\UÕFD�EX�JHQ�ELU�EDúND�SVLNL\DWULN�
UDKDWVÕ]OÕN� RODQ� GLNNDW� HNVLNOL÷L� KLSHUDNWLYLWH� ER]XNOX÷X LOH� GH� LOLúNLOHQGLULOPLúWLU�
[154]�� &ULVDIXOOL� YH� DUNDGDúODUÕQÕQ� \DNÕQ� ]DPDQGD� \DSWÕNODUÕ� DUDúWÕrmada, bizim 
oDOÕúPDPÕ]Õ� GHVWHNOHU� úHNLOGH� CREBBP geninin bipolar bozukluk ve depresif 
ER]XNOXN�JLEL�Q|URSVLNL\DWULN�KDVWDOÕNODUOD�LOLúNLOL�ROGX÷X�J|VWHULOPLúWLU�[155].  

*:$6�EXOJXODUÕPÕ]D�J|UH�613�ED]ÕQGD�DQODPOÕOÕ÷D�EDNÕOGÕ÷ÕQGD�������YH����
QXPDUDOÕ� NURPR]RPODU� �]HULQGH� \HU� DODQ� 613OHU¶GH� LVWDWLVWLNVHO� DQODPOÕOÕN�
J|U�OPHGL÷L� J|]OHQPHNWHGLU� �ùHNLO� ������ 6RQXoODU� JHQ� VHYL\HVLQGH�
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GH÷HUOHQGLULOGL÷LQGH� LVH� ��� ��� ��� ���� ���� �� YH� ��� QXPDUDOÕ� NURPR]RPODUGD�
LVWDWLVWLNVHO� DQODPOÕOÕN� J|VWHUHQ� JHQ� VD\ÕVÕQÕQ� KLo� ROPDGÕ÷Õ� \D� GD� oRN� D]� ROGX÷X�
J|]OHPOHQPLúWLU��ùHNLO������� 

$UDúWÕUPDPÕ]ÕQ� NOLQLN� DQODPGD� HQ� |QHPOL� EDVDPDNODUÕQGDQ� ELUL� *:$6�
X\JXODPDVÕ� LOH�0'05�X\JXODPDVÕQÕQ�EXOJXODUÕQÕ� ELUOLNWH�GH÷HUOHQGLUPHNWLU��7DEOR�
���� LOH� VXQXOPXú� RODQ� ��� DGHW� 613�� KHP� KDVWD� – NRQWURO� IDUNOÕOÕNODUÕQÕ� LQFHOH\HQ�
*:$6�DUDúWÕUPDVÕQGD�KHP�GH�VDGHFH�KDVWD�ROJXODU�DUDVÕQGDNL�YDU\DV\RQD�RGDNODQDQ�
0'05� DQDOL]LQGH� LVWDWLVWLNVHO� DQODPOÕOÕ÷Õ� HQ� \�NVHN� RODQ� LON� ������ 613� DUDVÕQGD�
RUWDN� EXOXQPDNWDGÕUODU�� %X� 613OHU¶GHQ� HQ� DQODPOÕVÕ� RODQ� rs620918, 3’üncü 
NURPR]RP��]HULQGH�\HU�DOPDNWDGÕU��%X�613��*:$6�VRQXFXQGD�S�GH÷HUL�HQ�G�ú�N�
EXOXQDQ����613¶GLU��0'05�DQDOL]LQGH�GH�)� LVWDWLVWL÷L� EDNÕPÕQGDQ�HQ� \�NVHN������
613�ROGX÷X�J|U�OP�úW�U��rs620918 QXPDUDOÕ�613�GDKD�|QFH�6PLWK�YH�DUNDGDúODUÕQÕQ�
\DSPÕú�ROGX÷X�*:$6�DUDúWÕUPDVÕQGD�GD�ELSRODU�ER]XNOXN�LOH�LOLúNLOHQGLULOPLúWLU�[5]. 
7DEOR� ���¶GH� VXQXOPXú� RODQ� GL÷HU� ��� 613� LoLQ� OLWHUDW�UGH� Q|URSVLNL\DWULN�
ER]XNOXNODUOD�LOLúNL�UDSRU�HGHQ�KHUKDQJL�ELU�oDOÕúPD\D�UDVWODQPDPÕú�ROPDNOD�ELUOLNWH��
EL]LP�DUDúWÕUPDPÕ]GD�EX�613OHU¶LQ�KHP�KDVWDOÕ÷ÕQ�RUWD\D�oÕNÕúÕ\OD�KHP�GH�VH\UL\OH�
ilgili isWDWLVWLNVHO�|QHPOLOLN�J|VWHUPHVLQLQ�GH÷HUOL�ELU�EXOJX�RODELOHFH÷L�G�ú�Q�OHELOLU�� 

$UDúWÕUPDPÕ]�� JHQRPLN� oDOÕúPDODUGD� X\JXODQDQ� \|QWHPOHULQ� JHUoHN� YHULOHU�
LOH� WHVW� HGLOPHVL� DoÕVÕQGDQ� |QHPOLGLU�� g]HOOLNOH� 0'05� X\JXODPDVÕQÕQ� IHQRWLS� ;�
JHQRWLS�HWNLOHúLPL�DoÕVÕQGDQ�\HQL�ELU�\DNODúÕP�VXQGX÷X�JHUoHNWLU��+DVWDOÕNODUÕQ�YH\D�
LQVDQ� WRSOXOXNODUÕQÕQ� IHQRWLSLN� DoÕGDQ� EHQ]HUOLNOHUL� YH\D� IDUNOÕOÕNODUÕQÕQ� 613�
VHYL\HVLQGH� LQFHOHQPHVL� |QHPOLGLU�� g]HOOLNOH� JHOHFHN� \ÕOODUGD� GDKD� GD� ID]OD� |QHP�
ND]DQDFDN� RODQ� NLúLVHOOHúWLULOPLú� WÕS� X\JXODPDODUÕ� EDNÕPÕQGDQ� ELUH\OHULQ� WDúÕGÕNODUÕ�
IHQRWLSLN� |]HOOLNOHU� GDKD� GH÷HUOHQHFHNWLU��*HQHWLN� DUDúWÕUPDODUÕQGD� ELUH\H� YH� DLOH\H�
DLW� IHQRWLS� YHULOHULQLQ� GDKD� ID]OD� WRSODQÕS� GH÷HUOHQGLULOHFH÷L� |QJ|U�OHELOLU��0'05�
yöntemi, bu veriler için istatistiksel RODUDN� J�oO�� YH� HVQHN� ELU� o|]�P� VXQPDNWDGÕU��
<|QWHPLQ�ND\QDN�KDUFDPDVÕ�EDNÕPÕQGDQ�RSWLPL]H�HGLOPHVL�YH�E|\OHOLNOH�GDKD�NÕVD�
V�UHGH� EXOJX� YHUPHVL� \|Q�QGH� oDOÕúPDODUD� LKWL\Do� YDUGÕU�� <D]ÕOÕP� DoÕVÕQGDQ� GD�
J|UHFH� GDKD� D÷ÕU� oDOÕúDQ� 5� VFULSWL� J|]GHQ� JHoLULOHELOir veya C++ gibi temel 
SURJUDPODPD�GLOOHUL�LOH�\HQL�ELU�NRG�JHOLúWLULOHELOLU��%L]LP�oDOÕúPDPÕ]GD�NXOODQÕODQ�5�
VFULSWL� 613� YHULOHULQGHNL� HNVLNOLNOHUH� L]LQ� YHUPHNWHGLU�� %X� DoÕGDQ� PHYFXW�
alternatiflerin en uygunudur.  

g]HWOH��EL\RLQIRUPDWLN�DODQÕQÕQ�JLGHUHN�JHOLúWL÷L�YH�DUWDQ� LKWL\DFD�J|UH�HWNLQ�
o|]�POHPH� WHNQLNOHULQH� J�Q� JHoWLNoH� GDKD� ID]OD� LKWL\Do� GX\GX÷X� G�ú�Q�O�UVH��
oDOÕúPDPÕ]ÕQ�0'05� X\JXODPDVÕ� EDNÕPÕQGDQ� GH÷HUOL� YH� JHOHFHNWHNL� DUDúWÕUPDODUD�
ÕúÕN� WXWXFX� ROGX÷X� J|U�OHELOLU�� .DQÕWD� GD\DOÕ� YH� NLúLVHOOHúWLULOPLú� WÕS� DODQODUÕQGD�
JHQRPLN�ELOJLQLQ�GDKD� ID]OD�NXOODQÕPÕQD�RODQDN� WDQÕ\DFD÷Õ�G�ú�Q�OHQ�EX� \|QWHPLQ�
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JHOHFHNWHNL� RSWLPL]DV\RQX� G�ú�Q�O�UVH�� ELUoRN� NOLQLN� SUREOHPGH� YHULPOL� úHNLOGH�
NXOODQÕODELOHFH÷L�J|]OHQPLúWLU�� 
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Introduction

The modern obesity pandemic is likely to increase the prevalence of obstructive sleep
apnea syndrome (OSAS), the most common form of sleep-disordered breathing (Taheri
2004; Taheri and Mignot 2002). OSAS is associated with snoring, apnea, daytime
sleepiness, and significant mortality due to accidents and cardiovascular events
(Ursavas et al. 2007). Therefore, understanding the pathophysiologic basis of OSAS is
essential for the development of prevention, screening, and therapeutic strategies.

First-degree relatives of patients with OSAS have been shown to be at high risk
for development of this disorder. Familial aggregation studies indicate that most of
the OSAS risk factors were obesity, ventilatory control abnormalities, and
craniofacial dysmorphism (Taheri and Mignot 2002; Kaparianos et al. 2006). The
study of Palmer et al. suggests the involvement of multiple genetic factors
associated with development of OSAS (Palmer et al. 2004). Although several genes
may increase the risk of OSAS, the molecular basis of OSAS development has not
been clearly elucidated (Taheri 2004; Riha et al. 2005; Tafti et al. 2007; Bayazit
et al. 2006a, b, 2007; Hanaoka et al. 2008; Pierola et al. 2007; Barcelo et al. 2002).

Circulating angiotensin-converting enzyme (ACE) activity shows extensive
interindividual variability, and ACE insertion (I)/deletion (D) polymorphism
accounts for 47% of the total variance of serum ACE levels (Rigat et al. 1990).
Plasma and tissue levels of ACE activity are higher in patients with the DD
genotype than in those with the II genotype, and patients with the ID genotype have
intermediate ACE levels (Seckin et al. 2006; Ozen et al. 1997). Experimental and
anthropological studies indicate that I polymorphism in the ACE gene, which
produces reduced serum and tissue ACE activity, is more frequent in individuals
with greater endurance and better adaptation to high altitude (Palmer and Redline
2003). Of the few studies investigating the relationship between ACE I/D
polymorphism and OSAS, Barcelo et al. (2001) did not find any difference in
frequency distribution of the DD, II, and ID genotypes between OSAS patients and
healthy subjects. Rubinsztajn et al. (2004) also reported no association between
ACE polymorphisms and OSAS. Xiao et al. (1999), however, described the I allele
as a risk factor for OSAS in a Chinese population. In addition, a high frequency of
the I allele and the II genotype has been closely associated with hypertensive
patients who show more severe forms of OSAS (Zhang et al. 2000). In our study, we
determined the allelic frequency, genotypic distribution, and serum levels of ACE
activity in Turkish patients who presented with OSAS.

Materials and Methods

The study included 97 unrelated Turkish patients (nine women, 88 men) with
OSAS, who were diagnosed with polysomnography between 2001 and 2004. The
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study was conducted at the Sleep Unit of the Department of Chest Diseases of
the Akdeniz University Medical Faculty. Polysomnography was performed with
16-channel EMBLA SX Proxy 3.0 (Medcare, Iceland) with continuous sleep-
technician monitoring, consisting of four channels of EEG, two channels of EOG,
submental EMG, oronasal air flow, thoracic and abdominal movements, pulse
oximeter saturation, tibial EMG, body position detector, electrocardiogram, and
tracheal sound. Records were scored at intervals of 30 s. Apnea was defined as
complete cessation of airflow lasting C10 s. Hypopnea was defined as 70% or more
reduction in respiratory airflow lasting C10 s and accompanied by a decrease of
C4% in oxygen saturation. An apnea–hypopnea index (AHI; average number of
episodes of apnea and hypopnea per hour of sleep) was used to determine the degree
of OSAS. An index of 5–15 was considered mild, 15–30 moderate, and more than
30 severe OSAS. Sleep data were staged according to the system described by
Rechtschaffen and Kales (1968).

All the subjects underwent a physical examination, including body mass index
(kg/m2), sex, AHI, age, neck circumference, and sleep parameters. We evaluated the
healthy control groups in the study of Berdeli and Cam (2009), and 79 age-matched
healthy Turkish volunteers (mean age 60.1 ± 10 years) without OSAS from the
study group of Tuncer et al. (2006) were adopted as a control group for our study.
Patients with sarcoidosis, chronic obstructive pulmonary disease, diabetes mellitus,
liver cirrhosis, thyroid dysfunction, or renal failure were excluded. Patients who
used ACE inhibitors, AT receptor blockers, and continuous positive airway pressure
were also excluded from the study. All participants signed an informed consent
form, and this study was approved by the local ethics committee of the Medical
Faculty of Akdeniz University.

Genotyping for ACE I/D Polymorphism

Genomic DNA was extracted from 10 ml peripheral blood samples with K3-EDTA
by a salting-out method (Miller et al. 1988). The D and I alleles were identified by
polymerase chain reaction (PCR) performed in a final volume of 50 ll containing
10 pmol of each primer (Forward 50-CTGGAGACCACTCCCATCCTTTCT-30 and
Reverse 50-GATGTGGCCATCACATTCGTCAGAT-30), 20 mM dNTP, 1.5 mM
MgCl2, 0.5 lg DNA, 5 ll 10 9 PCR buffer, and 1 U Taq DNA polymerase. The
thermal cycling procedure consisted of initial denaturation at 95!C for 5 min,
denaturation at 94!C for 1 min, annealing at 63!C for 1 min, and extension at 72!C
for 2 min, repeated for 35 cycles (Jeng et al. 1998). The DNA products were
visualized in 2% agarose gel stained with ethidium bromide. A fragment of 190 bp
represented the D allele, and a fragment of 490 bp represented the presence of the I
allele. To prevent mistyping of ID genotypes as DD genotypes, because of the
selective amplification of the short fragment, each sample that had the DD genotype
was reamplified with insertion-specific primers (Forward 50-TGGGACCAC
AGCGCCCGCCACTAC-30 and Reverse 50-TCGCCAGCCCTCCCATGCCCA
TAA-30), which recognizes the inserted DNA sequence in 25 ml of the reaction
mixture, with 1 min at 94!C, followed by 30 cycles of 30 s at 94!C, 45 s at 67!C,
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and 2 min at 72!C. The 335-bp product was observed in the presence of the I allele
(Shanmugam et al. 1993).

Serum ACE Activity

Blood samples were collected, and serum was prepared, and stored at -80!C until
analysis. Serum ACE activity was determined with an ACE colorimetric assay kit
(KK-ACE, Bühlmann Laboratories AG, Switzerland). One unit of ACE activity was
defined as the amount of enzyme required to release 1 lmol of hippuric acid/min/
liter of serum at 37!C.

Statistical Analysis

The distribution of I/D polymorphisms of the ACE gene in OSAS patients and in the
control groups was compared by a chi-square test. The association between the
distribution of I and D alleles and OSAS severity subgroups, as well as case and
control groups, was assessed by a chi-square test. The ACE plasma activity for three
OSAS severity subgroups and three genotypic subgroups was assessed by Kruskal–
Wallis variance analysis. A Mann–Whitney U-test was used to determine the
multiple comparisons in these subgroups. Pearson correlation analysis was used to
determine the possible relationship between the study variables and ACE plasma
activity. All the statistical analyses were carried out with MedCalc software (version
10.2.0.0). P-values lower than 0.05 were considered statistically significant.

Results

Angiotensin-converting enzyme (ACE) genotype distribution was consistent with
Hardy–Weinberg equilibrium in both the patient and control groups (Table 1). The I
allele was observed more frequently in OSAS patients than in the control group
[P = 0.02; OR = 1.68 (1.08–2.57)]. Carrying the I allele (genotype II or ID)
increases the OSAS risk 2.41 times in the Turkish population [P = 0.006;
OR = 2.41 (91.28–4.52)].

Table 1 Frequency of ACE I/D genotypes and alleles in OSAS patients and control subjects without
OSAS

Group (n) Genotype %* Allele*

II ID DD I D

OSAS patients (97) 19.6 53.6** 26.8** 0.46 0.54

Control subjects (79) 15 38 47 0.34 0.66

* Difference between groups significant at P \ 0.05. Allele frequency, OR = 1.68 (1.08–2.57)

** Significant at P \ 0.01. Difference between ID or DD genotype, OR = 2.47 (1.26–4.84). Difference
between carrying I allele or not, OR = 2.41 (1.28–4.52)
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There were no significant differences in the mean value of neck circumference,
body mass index, age, sex, mean duration apnea, and minimum SpO2 between the I
and D genotypes of OSAS patients (P [ 0.05). Also, we found no statistically
significant differences related to degree of severity of OSAS and ACE gene
polymorphism (Table 2, P = 0.831).

Although ACE genotype distribution was determined in all of the patients, serum
ACE activity was determined in only 73 patients. We found a statistically significant
difference among the ACE genotype subgroups in terms of the mean ACE activity
(P = 0.043), and the mean ACE activity was lower in the II genotype than in the
DD genotype (Table 3, P = 0.011). When we compared ACE activity with
the severity of OSAS (P = 0.019), the ACE activity was significantly lower in the
severe OSAS group than in the mild OSAS group (Table 4, P = 0.006).

Our investigation of possible relationships between ACE activity and demo-
graphic and/or polysomnography variables found significant correlations for both
minimum SpO2 and AHI (Table 5). The level of minimum SpO2 was high and AHI
tended to be low for patients who had higher ACE activity (minimum SpO2:
r = 0.30, P = 0.01; AHI: r = -0.31, P = 0.007).

Discussion

Our study showed that the genotypic distribution of ACE gene polymorphism was
significantly different in the OSAS patients, and the ACE II genotype increased

Table 2 Relationship between
ACE gene polymorphism and
OSAS severity

OSAS (n) Genotype n (%)

II ID DD

Mild (44) 10 (22.7) 21 (47.7) 13 (29.5)

Moderate (22) 3 (13.6) 13 (59.1) 6 (27.3)

Severe (31) 6 (19.4) 18 (58.1) 7 (22.6)

Table 3 ACE activity level in
three ACE genotypes of OSAS
patients

* Difference between II and DD
genotypes significant at
P \ 0.05

Genotype ACE activity, mean IU/l ± SD

II 33.53 ± 9.31*

ID 38.25 ± 10.80

DD 41.81 ± 9.62

Table 4 Relationship between
mean ACE activity and OSAS
severity

* Difference between mild and
severe OSAS patients significant
at P \ 0.05

OSAS (n) ACE activity, mean IU/l ± SD

Mild (36) 41.41 ± 10.16*

Moderate (18) 36.96 ± 10.44

Severe (19) 33.31 ± 9.34
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OSAS risk 2.4 times in the Turkish population (Table 1). Even though the II
genotype was shown to be a high risk factor for OSAS in a Chinese population, no
association was found between ACE polymorphism and OSAS in Spanish and
Polish populations (Barcelo et al. 2001; Rubinsztajn et al. 2004; Xiao et al. 1999).

Barley et al. (1994) studied ACE gene polymorphism in different populations,
including white Europeans, black Nigerians, Samoan Polynesians, and Yanomami
Indians. They found that I allele frequency was higher in the latter two populations,
and they concluded that ACE gene polymorphism was associated with ethnic origin.
In the control group adopted for our study, the frequency of the I allele was found to
be 0.34 (Tuncer et al. 2006).

A correlation between homozygote gene deletion (DD genotype) and high
ACE activity has been reported in many studies (Seckin et al. 2006; Ozen et al.
1997). Accordingly, we found the highest ACE activity in the DD genotype and
the lowest in the II genotype (Table 3). Barcelo et al. (2001) compared ACE
activity in patients with OSAS and control subjects and showed that ACE activity
is increased in patients with OSAS regardless of the presence or absence of
arterial hypertension. We did not evaluate ACE activity in control subjects, which
might be a limitation of our study. When we compared ACE activity with the
severity of OSAS, the ACE activity was significantly lower in the severe OSAS
group than in the mild OSAS group, although genotype differences do not exist
between the two groups (Table 4). We found that the level of minimum SpO2

was significantly higher and AHI was significantly lower in patients with high
ACE activity (Table 5).

Several possible mechanisms may contribute to our results. First, different ACE
genotype distributions can result in different ACE activity levels. We found no
significant correlations, however, between OSAS severity and ACE gene polymor-
phism. Second, morbid obesity can negatively influence ACE activity. Previous
results have shown the involvement of ACE in adipocyte growth, function, and
inhibition of adipocyte differentiation by ACE-processed angiotensin II, but Bell
et al. (2007) reported no correlation between ACE gene variations and development
of severe obesity. To our knowledge, no study has defined ACE serum activity in

Table 5 Correlation analysis of ACE plasma activity and patient variables

Variable OSAS study populationa

Mean ± SD
ACE plasma
activity, r (P)

Age in years 51.27 ± 9.97 0.80 (0.50)

Body mass index in kg/m2 30.58 ± 5.79 -0.03 (0.80)

Neck circumference in cm 41.82 ± 3.31 -0.17 (0.16)

Apnea-hypopnea index 24.24 ± 18.34 -0.31 (0.01)*

Minimum SpO2 percentage 76.52 ± 11.40 0.30 (0.01)*

Epworth score 11.34 ± 4.7 -0.11 (0.35)

Mean duration apnea in seconds 21.55 ± 5.89 0.02 (0.88)

a Of the 97 unrelated Turkish patients, 9 (9.3%) were women, 88 (90.7%) were men

* Statistically significant correlation at 0.05 level
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obese individuals. Third, decreased serum activity of ACE depends on intermittent
hypoxemia related to high frequency apnea/hypopnea episodes in severe OSAS. In
our study, we found that SpO2 was higher and AHI was lower in patients with high
ACE activity (Table 5). The ACE enzyme activity can change in pulmonary
diseases due to vascular endothelial damage. Mean serum ACE activity has been
reported for a wide variety of chronic airway diseases such as asthma, chronic
bronchitis, emphysema, and cystic fibrosis. Rohatgi (1982) reported lower ACE
activity in OSAS patients than in healthy controls. Ashutosh and Keighley (1976)
and Kanazawa et al. (2000), however, reported higher ACE activity in chronic
hypoxia. Further studies are needed to clarify these discrepancies.

In conclusion, our data demonstrate that the frequency of the II genotype of the
ACE gene is significantly higher in OSAS patients than in healthy subjects, and the
II genotype increases the risk of development of OSAS by 2.4 fold in this Turkish
population.
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