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<bdhjbklZggy�fhe_dmeyjgh�[�heh]�qgbo�f_lh^�\�^ey

�\by\e_ggy n�eZ^_evn�ckvdh��ojhfhkhfb�m�o\hjbo�gZ�e_cdhab

=�>�L_e_]_}\
��F�<�>b[dh\��F�<�;h`dh��G�F�Lj_lyd
1,�K�K�FZexlZ

1gklblml�fhe_dmeyjgh��[�heh]���lZ�]_g_lbdb�G:G�MdjZ�gb

252143,Db�\��\me��:dZ^_f�dZ�AZ[hehlgh]h�����

11gklblml�]_fZlheh]���lZ�i_j_eb\Zggy�djh\��FHA�MdjZ�gb

���������Db�\��\me��F�;_jebgkvdh]h����

M� �jh[hl�� ij_^klZ\e_gh� j_amevlZlb� ^hke�^`_ggv� a� \by\e_ggy

n�eZ^_evn�ckvdh��ojhfhkhfb�m�o\hjbo�gZ�ojhg�qgm�f�}eh�^gm�e_cd_f�x��OFE�

lZ� ]hkljbc� e�fnh[eZklgbc� e_cdha� �=EE��� AZklhkh\Zgh� ^\Z� i�^oh^b�

i_jrbc��a� \bdhjbklZggyf� �
� lZ� �
� EFU� ]_ghfgbo� ahg^�\�� sh� ^ha\heyxlv

\by\eylb�iZlheh]�qgm�ojhfhkhfm�m�o\hjbo�gZ�OFE�lZ�^_ydbo�o\hjbo�gZ�=EE�

lZ� ^jm]bc��a� \bdhj�klZggyf� ^\h_lZigh�� ihe�f_jZagh�� eZgpx]h\h�� j_Zdp��

�IEJ�� a� ki_pbn�qgbfb�^ey�^Zgbo�e_cdha�\�ijZcf_jZfb��IEJ�f_lh^� }�[�evr

ijbcgylgbf�^ey�\bdhjbklZggy�\�de�g�qgbo�mfh\Zo��H[]h\hjx}lvky�iblZggy

_lbheh]���3K
�e_cdha�\�

<klmi� Jha\blhd� aehyd�kgbo� imoebg� � p_� [_adhgljhevgbc �� g_h[f_`_gbc� j�kl� h^g�}��
]_g_lbqgh�af�g_gh�� de�lbgb� �dehgZ��� sh� ijba\h^blv� ^h� aZ]b[_e�� hj]Zg�afm�� Ijhl�dZggy

^Zgh]h� ijhp_km� h[mfh\e_gh � ihjmr_ggyf� [ZeZgkm� ^\ho� kbkl_f�� M� i_jr�c� \�^[m\Zxlvky

kljmdlmjg�� af�gb�ghjfZevgbo� ]_g�\� �ijhlhhg]h]_g�\�� a�ml\hj_ggyf �gh\h]h� ]_gZ� �hgdh]_gZ��

_dkij_k�y�ydh]h�ijba\h^blv�^h�ihy\b�imoebggh]h�n_ghlbim >�@��A\bqZcgh�^ey�pvh]h�ijhp_km
aZemqZxlvky� ]_gb��sh� \bagZqZxlv� ^bn_j_gp�Zp�x�� ijhe�n_jZp�x� Z[h� \b`b\Zggy� de�lbg��M

^jm]�c ihjmrm}lvky� nmgdp�y� ]_g�\�� yd�� aZ� ghjfb� ijb]g�qmxlv� imoebggbc� j�kl� �]_gb

kmij_kkhjb �imoebggh]h�jhklm���Zglbhgdh]_gb� [2].
GZ�pblh]_g_lbqghfm � j�\g�� af�gb� ]_g�\� \bagZqZxlv� ih� gZy\ghkl�� ljZgkehdZp�c�� �g\_jk�c�

^_e_p�c� lhsh�� I_jrbf� pblh]_g_lbqgbf � fZjd_jhf� imoebggh]h� jhklm� [meZ� fZe_gvdZ

G�ihnZj[h\ZgZ � ojhfhkhfZ�� sh� hljbfZeZ� gZa\m� 3K� �n�eZ^_evn�ckvdhx�� ojhfhkhfZ� >�@�

Ml\hj_ggy� a]Z^Zgh�� ojhfhkhfb� h[mfh\e_gh � j_pbijhdghx� ljZgkehdZp�}x� f�`� ��lZ

22�ojhfhkhfZfb� W������� �T���T����� Py� ojhfhkhfZ� \by\ey}lvky� m� ���� o\hjbo� gZ� ojhg�qgm

f�}eh�^gm� e_cd_f�x�� ���30�� ^hjhkebo� lZ� ������ ^�l_c� o\hjbo� gZ� =EE� >���@�

GZ�fhe_dmeyjghfm � j�\g�� aZo\hjx\Zggy� amfh\e_gh� ml\hj_ggyf� aeblh]h� %&5�$%/� ]_gZ� ��


^�eygdZ�]_gZ�%&5�ih}^gm}lvky�a��
�^�eygdhx�]_gZ�$%/���Ijb�OFE�ijh^mdlhf�ljZgkeyp���}

%&5�$%/�[�ehd�a�FF�����d>Z��j������sh�gZjZoh\m}� 927  qb�902  Zf�ghdbkehlgbo �aZebrd�\

]_gZ� %&5� lZ� �����Z�a�� ]_gZ� $%/� >��10@�� Obf_jg�� [�edb� oZjZdl_jbamxlvky � af�g_ghx
lbjhabgd�gZaghx �Zdlb\g�klx�>��@��sh���\bagZqZ}�jha\blhd�i_jrh]h�_lZim�OFE��<�lhc�`_�qZk

ijb�=EE�ml\hjx}lvky�aeblbc�[�ehd�a�FF�����d>Z��j������sh�f�klblv�i_jr������Zf�ghdbkehl

]_gZ� %&5� lZ� l�� `� kZf�� �����Zf�ghdbkehl � ]_gZ� $%/�� P_c� [�ehd� �� ijba\h^blv� ^h� jha\bldm

de�g�qgh�� dZjlbgb� =EE� >��@�� GZy\g�klv� n�eZ^_evn�ckvdh� � ojhfhkhfb� agZqgh� ih]�jrm}

ijh]gha� m� o\hjbo� gZ� =EE�� LZd� ydsh� i
ylbj�qg_� \b`b\Zggy� ^�l_c� aZ� \�^kmlghkl� � ^Zgh�

ljZgkehdZp�� �kdeZ^Z}������lh�aZ����gZy\ghkl��^Zgbc�ihdZagbd�kdeZ^Z} 20%.
M�^Zg�c�jh[hl��ij_^klZ\e_gh �j_amevlZlb�Zijh[Zp���j�agbo�f_lh^�\�^_l_dp���3K�ojhfhkhfb�

f_lh^� a� aZklhkm\Zggyf � ]_ghfgbo� ahg^�\�� sh� f�klylv� %&5� ]_g� lZ� f_lh^� ihe�f_jZagh�

eZgpx]h\h��j_Zdp����IEJ��a�\bdhjbklZggyf �ki_pbn�qgbo�gZ[hj�\�ijZcf_j�\�
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FZl_j�Zeb� lZ� f_lh^b� <�jh[hl�� \bdhjbklh\m\Zeb� ajZadb� djh\�� o\hjbo�� sh� ijhoh^beb

e�dm\Zggy�m�]_fZlheh]�qgbo�de�g�dZo�f�Db}\Z��>GD�a�de�lbg�[�eh��djh\��\b^�eyeb�aZ�>��@��JGD

hljbfm\Zeb� aZ� >��@�� ?e_dljhnhj_a� >GD�� JGD�� j_kljbdp�x� >GD�� i_j_g_k_ggy� >GD� gZ

dZijhgh\��n�evljb��f�q_ggy�ahg^�\�lZ�]�[jb^baZp�x�ijh\h^beb�aZ�>�����@�

M�^hke�^`_ggyo��[meb�\bdhjbklZg��gZklmig��he�]hgmde_hlb^g� �ijZcf_jb�>����@�

A1��
��L=:�LL:�L:=�PPL�::=�:PP�P==�: -3'
A2��
��==L�P:L�LLL�P:P�L==�=LP�P:=�P -3'
A3��
��LP:�=:P�PPL�=:=�=PL�P::�:=L�P -3'

yd��dhfie_f_glZjg� �ihke�^h\ghklyf���]h�_dahgZ�ABL�]_gZ���g_h[o�^g� ^ey�hljbfZggy�d>GD�lZ
kem`Zlv��
�ijZcf_jZfb�\�ihe�f_jZag�c�eZgpx]h\�c�j_Zdp���

B1��
��=::�=L=�LLL�P:=�::=�PLL�PLP�P -3'
B2��
��==:�=PL�=P:�=:L�=PL�=:P�P::�P -3',

yd��]hfheh]�qg��ihke�^h\ghkl��^jm]h]h�_dahgZ��E2) M-bcr ehdmkZ�]_gZ BCR ��\bdhjbklh\mxlvky

yd��
�ijZcf_jb�\�IEJ�

BI
1
��
��P=P�:L=�LLP�P==�=:P�:::�:=P -3'

BII
2
��
��:PP�:LP�=L=�==P�=LP�P=P�::=�: -3',

sh�\�^ih\�^Zxlv�ihke�^h\ghkl��,�_dahgZ�%&5�]_gZ���\bdhjbklh\mxlvky ^ey�^_l_dp��
n�eZ^_evn�ckvdh��ojhfhkhfb�ijb�=EE�a�lhqdhx�jhajb\m�\ m-bcr;

2�,,��
��=PL�=::�===�PLL�PLL�PLL�L:L�L=:�L= -3'
3�,,��
��=PL�=::�===�PLL�LL=�::P�LPL�=PL�L: - 3'
I�,,��
��=PL�=::�===�PLL�PL=�P=L�PLP�P:L� -3',

\bdhjbklh\mxlvky�^ey�\by\e_ggy�aeblbo�^�eyghd���]h�_dahgZ��E2) M-bcr�]_gZ����]h
_dahgZ��E3) M-bcr�]_gZ�lZ�,�_dahgZ�]_gZ�%&5�a�,,�_dahghf�$%/�]_gZ�

Ia��
��:LP�L=P�PL=�::=�PL=�=L=�==P�L -3'
Ib��
��=P:�=P:�=PP�L==�:::�:=L�:PL�L -3',

sh�dhfie_f_glZjg� �Zevl_jgZlb\gbf�_dahgZf�,D�lZ�,E�]_gZ�$%/���\bdhjbklh\mxlvky�^ey

\by\e_ggy�ghjfZevgh]h�$%/�]_gZ�

d>GD� hljbfm\Zeb� aZ� ^hihfh]hx� a\hjhlgvh�� ljZgkdbilZab� $09�� sh� [meZ� ex[
yagh

gZ^ZgZ�<�F�DZ\kZghf��1F;�=�G:G�MdjZ�gb��Kbkl_fZ�^ey�ijh\_^_ggy�j_Zdp���kdeZ^ZeZkv�a���

5�fd]� JGD�� ��10�h^� JGZa�gm�� �fF� dh`gh]h� a� G173� ���S0� ijZcf_jZ� :1�� [mn_jZ� ^ey

a\hjhlgvh��ljZgkdbilZab�lZ������h^�n_jf_glZ��AZ]Zevgbc�h[
}f�kmf�r��kdeZ^Z\�����O��J_Zdp�x

ijh\h^beb� ���o\� ijb� ��
h

K��:e�d\hlb� j_Zdp�cgh�� kmf�r�� �������O�� \bdhjbklh\m\Zeb� ^ey

ijh\_^_ggy�Zfie�n�dZp����J_Zdp�x�Zfie�n�dZp���ijh\h^beb�\�klZg^Zjlg�c�j_Zdp�cg�c�kmf�r�

^ey� %LRWDT� ihe�f_jZab� a� \bdhjbklZggyf� \�^ih\�^gbo� ijZcf_j�\� �� ^b\� jbk����� GZ�i_jrhfm

_lZi�� ijh\h^beb� ���pbde�\� aZ� lZdbo� mfh\�� ��
h

K -18�k_d�� ��hK -18�k_d�� ��hK -1�o\�� I�key
i_jrh]h� _lZim� hp�gx\Zeb� ki_pbn�qg�klv� Zfie�n�dZp��� aZ� ^hihfh]hx� ]�[jb^baZp���

i_j_g_k_gbo�gZ� dZijhgh\��f_f[jZgb� Zfie�n�dZl�\�� a�f�q_gbfb
 32
3� �:LN� ahg^Zfb� �-II, 3-II,

I�,,�� >Ze�� ijh\h^beb� ^jm]bc� _lZi� IEJ� ��hK -24�k_d�� ��hK -18�k_d�� ��hK -1�o\�� Ijh^mdlb
Zfie�n�dZp���ZgZe�am\Zeb�\�����ihe�ZdjbeZf�^ghfm �]_e��

J_amevlZlb�lZ�h[]h\hj_ggy� >_l_dp�y�3K
�ojhfhkhfb�aZ�^hihfh]hx�]_ghfgbo�ahg^�\� Ijb
ml\hj_gg��n�eZ^_evn�ckvdh��ojhfhkhfb�\�^[m\Z}lvky�jhajb\�m�^\ho�^�eygdZo�]_gZ�%&5�

M�EFU���PDMRU�EUHDNSRLQW�UHJLRQ��jhaf�jhf�����l�i�g���jbk����lZ�P-bcr (minor breakpoint claster
UHJLRQ���^�eygdZ�i_jrh]h��glhjgZ�]_gZ�%&5��ijb[ebagh����l�i�g���>�������@��Jhajb\b�m�^�eygp�

M�EFU�\by\eyxlvky�m�\k�o�\biZ^dZo�\bgbdg_ggy�OFE��Z�lZdh`�m�����\biZ^d�\�=EE��<�lhc

`_�qZk�jhajb\b�m�^�eygp��P�EFU�ijba\h^ylv�i_j_\Z`gh�^h�jha\bldm�=EE��Ijbqbgb�ih^�[gbo

jha[�`ghkl_c�gZ�kvh]h^g��g_�\�^hf���Jhajb\b�]_gZ�$EO�\�^[m\Zxlvky�gZ�^�eygp��^h\`bghx

[ebavdh�����l�i�g���f�`�,�lZ�,,�_dahgZfb���GZy\g�klv�jhajb\�\�\�^�eygp��0�EFU�jh[blv

fh`eb\bf��ijb�\bdhjbklZgg��\�^ih\�^gbo�ahg^�\��^_l_dlm\Zlb�af�gb�\�kljmdlmj��^Zgh]h

j_]�hgm��Fb�\bdhjbklh\m\Zeb �^\Z�]_ghfgbo�ahg^b���
�%&5�ahg^��sh�y\ey}�kh[hx�dehgh\Zgbc

BglII/HindIII �njZ]f_gl�0�EFU��jhaf�jhf���l�i�g���lZ��
�%&5�ahg^��BglII/HindIII �njZ]f_gl�
jhaf�jhf�����l�i�g����sh�[m\�dehgh\Zgbc�\�S69���>�@��Ahg^b�[meb�ex[
yagh

gZ^Zg��D�;ZjljZfhf��8OP�NJG���GZ�jbk���ij_^klZ\e_gh�j_amevlZlb�]�[jb^baZp��
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j_kljbdh\Zgh��BglII�]_ghfgh��>GD�a��
�%&5�ahg^hf��GZy\g�klv�ghjfZevgh�����ojhfhkhfb
amfh\ex}�ihy\m�h^gh]h�njZ]f_glZ�jhaf�jhf�����l�i�g���^hj�`dZ�����\�lhc�`_�qZk�gZy\g�klv

n�eZ^_evn�ckvdh��ojhfhkhfb� �jhajb\�\�^�eygp��0�EFU��amfh\ex}�ihy\m�^h^Zldh\h]h

njZ]f_glm��\�^Zghfm�\biZ^dm�����l�i�g���^hj�`dZ�����Ajh[b\rb�^h^Zldh\m�j_kljbdp�x�>GD

n_jf_glhf�%DP�+,�lZ�ijh\�\rb�]�[jb^baZp�x�a��
EFU�ahg^hf�fh`gZ�ehdZe�am\Zlb�^�eygdm

jhajb\Z�\�0�EFU�>��@��IblZggy�ijh�l_��gZkd�evdb�ijh]ghklbqgh�\Z`eb\bf�}�lZdZ�ehdZe�aZp�y�

gZ�kvh]h^g��aZebrZ}lvky�\�^djblbf�>����@�

H^gZd�� ^_l_dp�y� 0�EFU� i_j_[m^h\� aZ� ^hihfh]hx� ]_ghfgbo� ahg^�\� i_\gh� g_� agZc^_

de�g�qgh]h� aZklhkm\Zggy��P_�h[mfh\e_gh� g_� l�evdb� l_og�qghx� kdeZ^g�klx�   (\bdhjbklZggy
jZ^�h�ahlhi�\�� ijh\_^g_ggy� [Z]ZlhjZah\bo� ]�[jb^baZp�c� lhsh��� Z� �� lbf��sh� ^Zgbf�f_lh^hf

g_fh`eb\h� ^_l_dlm\Zlb� 3K�e_cdhab� a� lhqdhx� jhajb\m� \� j_]�hg�� P�EFU�� P_�kihgmdZ}� ^h

aZklhkm\Zggy��grbo�f_lh^�\����ahdj_fZ�ihe�f_jZagh��eZgpx]h\h��j_Zdp���

>_l_dp�y�n�eZ^_evnbckvdh��ojhfhkhfb�aZ�^hihfh]hx�IEJ� Yd�a]Z^m\Zehkv�\bs_��jhajb\b

\�%&5�lZ�$%/�]_gZo�fh`mlv�\�^[m\Zlbky�gZ�agZqgbo�aZ�jhaf�jhf�^�eygdZo��sh�jh[blv

ijh[e_fZlbqgbf �aZklhkm\Zggy�>GD�IEJ�l_ogheh]����<�lhc�`_�qZk��a�\jZom\Zggyf�lh]h��sh

%&5�$%/�fJGD�fZxlv�jhaf�j�����lZ���l�i�g�>���������@�lZ�\dexqZxlv�aebl��_dahgb�,�]_gZ

%&5�lZ�,,�]_gZ�$%/���ijb�=EE��lZ��������_dahgb�]_gZ�%&5�lZ�,,�_dahghf�$%/�]_gZ��ijb�HEE

lZ�OFE���fh`gh�\bdhjbklh\m\Zlb�IEJ�^ey�\klZgh\e_ggy�pbo�af�g��>ey�h^_j`Zggy�d>GD

aZklhkh\m\Zeb�ijZcf_jb�:1��:2��jbk��[���I_jrbc�_lZi�Zfie�n�dZp�������pbde�\���sh

ijh\h^blvky�a�\bdhjbklZggyf�ijZcf_j�\�:1�lZ�<1��a\bqZcgh�g_�^Z}�lZdh��d�evdhkl��ijh^mdlm�

ydZ�g_h[o�^gZ�^ey�\�amZevgh]h�\by\e_ggy�\�Z]Zjhaghfm�]_e���>Zgbc�Zfie�n�dZl�fh`gh

\by\blb�aZ�^hihfh]hx�]�[jb^�aZp���a�f�q_gbfb�
32Pg�:LN�ahg^Zfb��-II, 3-II, I �,,��sh

\by\eyxlv�^�eygdb�aeblly�%&5�lZ�$%/�_dahg�\��jbk��[��

Ijh\_^_ggy�^jm]h]h�_lZim�IEJ��a�\bdhjbklZggyf�ijZcf_j�\�:2��:3 lZ�<2��^ha\hey}�\by\blb

Zfi�n�dZlb�[_a�ijh\_^_ggy� ]�[jb^baZp��� lZ�ehdZe�am\Zlb� lhqdm�jhajb\m� ]_gZ�%&5��GZ�jbk��

ij_^klZ\e_gh� j_amevlZlb� lZdh�� Zfie�n�dZp���� <�^Zghfm� \biZ^dm� [meh� \by\e_gh� njZ]f_gl

jhaf�jhf� ��� �i�g��� lhfm� a� \jZom\Zggyf� jhaf�s_ggy� ijZcf_j�\�fh`gZ� kl\_j^`m\Zlb��sh� \

^Zghfm� \biZ^dm� jhajb\� \� ]_g�� 0�EFU� fZ}� f�kp_� f�` 3�lZ� ��_dahgZfb�� lh[lh� fZ}� f�kp_
b3/a2�ljZgkehdZp�y�

Jbk�� �Ko_fZ�hj]Zg�aZp���%&5�lZ�$%/
]_g�\�ex^bgb��Z��lZ�bcr/abl fJGD��sh

ml\hjxxlvky�ijb�OFE�lZ�=EE ([��
Z��m-bcr -minor breakpoint cluster
region; M-bcr -major breakpoint
FOXVWHU�UHJLRQ��,D�lZ�,E��Zevl_jgZlb\g�

_dahgb�]_gZ�$%/��,��i_jrbc�_dahg

]_gZ�%&5��������� (b1 -b4���\�^ih\�^gh

12-�_dahgb�]_gZ�%&5� �klj�edhx
ihagZq_g��f�kpy�jhajb\m�]_g�\�

[��:1��:2��:3��<1��<2��<I
1��<I

2 -
ijZcf_jb��sh�aZklhkh\mxlvky�\�IEJ

^�Z]ghklbp�� 2 -II, 3 -II, I -II -
he�]hgmde_hlb^b��^ey�^_l_dp���aeblgbo

^�eyghd�bcr/Abl�]_g�\�
AZrljboh\Zgh�EFU�^�eygdm�bcr/Abl
fJGD��^�eygdZ Abl g_aZrljboh\ZgZ.
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Ijh\_^_ggy�IEJ� a� \bdhjbklZggyf� ijZcf_j�\� <I
1
�� <I

2
�lZ� :3�^ha\hey}� \by\eylb� njZ]f_gl

jhaf�jhf� ����i�g��� lh[lh� ^_l_dlm\Zlb� oZjZdl_jgm� ^ey�=EE� %&5�$%/� i_j_[m^h\m� a� lhqdhx

jhajb\m�\�P-bcr.
LZdbf�qbghf�ij_^klZ\e_g��^Zg��aZdeZ^Zxlv�f_lh^bqgm�hkgh\m�^ey�^_l_dp���g_hieZklbqgbo

dehg�\�� ^ha\heyxlv� \bagZqZlb� d�evd�klv� aZebrdh\bo� iZlheh]�qgbo� de�lbg�� ijh\h^blb

_n_dlb\gbc� dhgljhev� aZ� ijhp_khf� e�dm\Zggy�� GZy\g�klv� aeblbo� ]_g�\� ^Z}� afh]m� jhajh[db

gh\bo� i�^oh^�\� ^h� l_jZi��� aZo\hjx\Zggv� a� \bdhjbklZggyf� ]_ggh��g`_g_jgbo� dhgkljmdp�c� �

Zglbk_gk�\� lZ� jb[habf�\�� >���21@��H^_j`Zgh� i_jr�� ^Zg���sh� k\�^qZlv� ijh� i_jki_dlb\g�klv

ih^�[gbo� jh[�l�� P�� jhajh[db� [Zamxlvky� gZ� kvh]h^_gg�c� �gnhjfZp��� ijh� jha\blhd

iZlheh]�qgh]h�ijhp_km��\�lhc�qZk�yd�\�^l\hj_ggy�ih\gh��dZjlbgb�^ey�jha\bldm�lZ�ijhl�dZggy

^Zgh]h�aZo\hjx\Zggy�^Ze_d_�^h�aZ\_jr_ggy��KmqZkg��^hke�^`_ggy�gZijZ\e_gg��gZ�\b\q_ggy

nmgdp�hgZevgbo� \eZklb\hkl_c� j�agbo� ^hf_g�\� ]_g�\� %&5� lZ� $%/� >���24@�� Z� lZdh`� ]_g�\
�Zglbhgdh]_g�\�� ]_g�\�� sh� h[mfh\exxlv� Zihilha� lhsh��� sh� \ieb\Zxlv� gZ� ijhp_k

e_cdh]_g_am�>���26].
I_jki_dlb\gbfb � \[ZqZxlvky� jhajh[db� ih� \b\q_ggx� ijbjh^b� [eZklgbo� djba�� GZ�gZrm

^mfdm� \Z`eb\bf� }� \b\q_ggy� ^�eygdb� GEO� %&5� ]_gZ� >��@�� sh� fh`eb\h� amfh\ex}� j�agbc

i_j_[�]�aZo\hjx\Zggy�ijb�=EE�lZ�OFE��\by\e_ggy�af�g�\�dZjlbg��_dkij_k���]_g�\��\by\e_ggy

^h^Zldh\bo�]_ghfgbo�af�g�

:\lhjb�\bkeh\exxlv�ih^ydm�<�F�DZ\kZgm��1F;�=�G:G�MdjZ�gb��aZ�gZ^Zgbc�n_jf_gl -
a\hjhlgx�ljZgkdjbilZam AMV.
Jh[hlZ�\bdhgm\ZeZkv�aZ\^ydb�n�gZgkh\�c�i�^ljbfp��F�g_kl_jkl\Z�hohjhgb�a^hjh\
y

MdjZ�gb�

Jbk���>_l_dp�y�]_ghfgh��i_j_[m^h\b�aZ

^hihfh]hx�]�[jb^baZp���a��
�EFU�ahg^hf��>GD

jhas_iex\Zeb�n_jf_glhf�%JO II.
1��>GD��\b^�e_gZ�a�djh\��o\hjh]h�gZ�OFE�

2��>GD�a^hjh\h]h�^hghjZ��Klj�edhx�\dZaZgh
njZ]f_gl��sh�\�^ih\�^Z}�n�eZ^_evn�ckvd�c

ojhfhkhf���Gb`g�c�njZ]f_gl�\�^ih\�^Z}�%JO�

%JO�j_kljbdlm�0�EFU�ehdmkZ������l�i�g���

Jbk�� >_l_dp�y� aeblgbo� EFU�DEO� ]_g�\� aZ� ^hihfh]hx

^\h_lZigh�� IEJ�� GZ\_^_gh� j_amevlZl� _e_dljhnhj_am� \

���ZdjbeZf�^ghfm�]_e��

1��Zfie�n�dZl� d>GD� o\hjh]h� ���>GD� ieZaf�^b� S%5����
jhas_ie_gZ�n_jf_glhf�$OX I.
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=��>��L_e_]__\��F��<��>u[dh\��F��<��;h`dh��G��G��Lj_lvyd��K��K��FZexlZ

Bkihevah\Zgb_�fhe_dmeyjgh�[bheh]bq_kdbo�f_lh^h\�^ey�\uy\e_gby�nbeZ^_evnbckdhc�ojhfhkhfu�m

[hevguo�e_cdhaZfb

J_axf_

<� jZ[hl_� ij_^klZ\e_gu� ^Zggu_� ih� \uy\e_gbx� nbeZ^_evnbckdhc� ojhfhkhfu� m� [hevguo

ojhgbq_kdhc�fb_ehb^ghc�e_cd_fb_c��OFE��b�hkljuf�ebfnh[eZklguf�e_cdhahf��HEE���Bkihevah\Zgu

^\Z�ih^oh^Z��i_j\uc�²�k�ijbf_g_gb_f��
��b�A
�Vkr�]_ghfgv�o�ahg^h\��iha\heyxsbo�mklZgh\blv�gZebqb_

iZlheh]bq_kdhc�ojhfhkhfu�m�[hevguo�k�OFE�b�m�qZklb�[hevguo�k�HEE��\lhjhc�²�k�bkihevah\Zgb_f

^\mowlZighc�ihebf_jZaghc�p_ighc�j_Zdpbb� �IPJ��kh�ki_pbnbq_kdbfb�^ey�HEE�b�OFE�ijZcf_jZfb�

IPJ�f_lh^� hdZaZeky� [he__� ijb_fe_fuf� ^ey� debgbq_kdbo� mkeh\bc��H[km`^Z_lky� \hijhk� wlbheh]bb

3K
�e_cdhah\�

G. D. Telegeev,�F��9� Dybkov,�F��9� Bozhko,�1��F� Tretiak, S. S. Matiuta

Molecular-biology approaches to detection of Philadelphia chromosome in patients with leukemia

Summary

7KH� GDWD� RQ� 3KLODGHOSKLD� FKURPRVRPH� GHWHFWLRQ� LQ� SDWLHQWV� ZLWK� K0/� DQG� $//� DUH� SUHVHQWHG�� 7ZR

approaches were applied: 5' and 3' her genomic probes were used; two steps PCR with specific primers was
employed. The latter is more preferable for clinic use. Some issues of Ph ' leukemias etiology are also dis-
cussed.
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