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RESUMO 

Introdução:�8PD�JUDQGH�SDUWH�GDV�SHVTXLVDV�UHDOL]DGDV�HP�WRGR�R�PXQGR�GHSHQGH�GDV�DPRVWUDV�DUPD]H-
QDGDV��TXH�HP�VXD�PDLRULD��VHUmR�VXEPHWLGDV�DR�SURFHVVR�GH�H[WUDomR�GR�PDWHULDO�JHQpWLFR�SDUD�DQiOLVHV�HP�
ELRORJLD�PROHFXODU��(VVDV�VmR� IRQWHV�H[WUHPDPHQWH�YDOLRVD�SDUD�PXLWRV�HVWXGRV��(VWHV� LQFOXHP�D�SHVTXLVD�
GH�PXWDo}HV� HP�JHQHV� FUtWLFRV� SDUD� R� FkQFHU�� EHP� FRPR� D� GHWHFomR� GH� SDWyJHQRV��Objetivo:�2� REMHWLYR�
GHVVH�HVWXGR�IRL�DYDOLDU�R�LPSDFWR�GH�GLIHUHQWHV�PpWRGRV�GH�H[WUDomR�GH�'1$�GH�WHFLGR�SDUD¿QDGR��FRQJH-
ODGR�H�DPRVWUDV�GH�VDQJXH��Resultado: 1yV�FRPSDUDPRV����PpWRGRV�GLIHUHQWHV�SDUD�D�H[WUDomR�GH�'1$��
7RGDV����DPRVWUDV����� WHFLGRV�SDUD¿QDGRV����� WHFLGRV�FRQJHODGRV�IUR]HQ�H����DPRVWUDV�GH�VDQJXH��IRUDP�
REWLGDV�GH�PXOKHUHV�TXH�UHDOL]DYDP�WUDWDPHQWR�GH�FkQFHU�GH�PDPD�QR�+RVSLWDO�GH�&kQFHU�GH�%DUUHWRV��$�
SXUH]D� H� UHQGLPHQWR� GR�'1$�H[WUDtGR� IRL� DYDOLDGR� SHOR�1DQR'URS��6SHFWRSKRWRPHWHU��2� IUDJPHQWR� GH�
'1$�DPSOL¿FiYHO�IRL�DYDOLDGR�SRU�DPSOL¿FDomR�SRU�3&5�GR�JHQH�$3&�H�WRGDV�DV�H[WUDo}HV�XWLOL]DGDV�LQ-
GHSHQGHQWHPHQWH�GD�DPRVWUD�IRUDP�FRQVLGHUDGDV�DGHTXDGDV�SDUD�D�DPSOL¿FDomR�GH�IUDJPHQWRV�GH�DWp�����
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DPRVWUDV�GH�))3(�H�WDPEpP�yWLPR�UHQGLPHQWR��(P�UHODomR�DV�DPRVWUDV�GH�WHFLGR�IUHVFR��IRL�YLVWR�yWLPRV�
YDORUHV�GH�SXUH]D�H�UHQGLPHQWR�SDUD�R�4,$DPS�'1$�0LQL�DQG�%ORRG�0LQL�.LW��$V�DPRVWUDV�GH�EXII\�FRDW�
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ABSTRACT

Introduction:�$�ODUJH�SRUWLRQ�RI�UHVHDUFKHV�FRQGXFWHG�ZRUOGZLGH�GHSHQG�RQ�VWRUHG�VDPSOHV�WKDW�ZLOO�PRVW�
RIWHQ�EH�VXEMHFWHG�WR�WKH�SURFHVV�RI�H[WUDFWLQJ�JHQHWLF�PDWHULDO�IRU�PROHFXODU�ELRORJ\�DQDO\VLV��7KHVH�VDPSOHV�
DUFKLYHG�DUH�DQ�H[WUHPHO\�YDOXDEOH�VRXUFH�IRU�UHWURVSHFWLYH�JHQHWLF�VWXGLHV��7KHVH�LQFOXGH�PXWDWLRQ�VFUHHQLQJ�
LQ�FDQFHU�FULWLFDO�JHQHV�DV�ZHOO�DV�SDWKRJHQ�GHWHFWLRQ��Aim:�7KH�DLPHG�RI�WKLV�VWXG\�ZHUH�WR�HYDOXDWH�GLIIH-
UHQW�PHWKRGV�RI�'1$�H[WUDFWLRQ�LQ�IUR]HQ�WLVVXH��))3(�DQG�EORRG���Results:�:H�FRPSDUHG����GLIIHUHQW�'1$�
H[WUDFWLRQ�PHWKRGV��$OO����VDPSOHV�����))3(�WLVVXHV�����IUR]HQ�WLVVXHV�DQG����EORRG��ZHUH�REWDLQHG�IURP�
ZRPHQ�XQGHUJRLQJ�EUHDVW�FDQFHU�WUHDWPHQW�DW�%DUUHWRV�&DQFHU�+RVSLWDO��7KH�SXULW\�DQG�\LHOG�RI�WKH�H[WUDFWHG�
'1$�ZHUH� HYDOXDWHG� E\�1DQR'URS��6SHFWRSKRWRPHWHU��$OO� H[WUDFWLRQV� LQGHSHQGHQWO\� VDPSOH� XVHG�ZHUH�
IRXQG�VXLWDEOH�IRU�DPSOL¿FDWLRQ�RI�IUDJPHQWV�XS�����ES�DPSOL¿FDWLRQ�ZDV�PDUJLQDOO\�VXFFHVVIXO��Conclusion: 
4,$DPS�'1$�))3(�7LVVXH�NLW�ZDV�IRXQG�WR�KDYH�EHWWHU�TXDOLW\�IRU�))3(�VDPSOHV�DQG�DOVR�H[FHOOHQW�\LHOG��
)RU�IUR]HQ�WLVVXH�VDPSOHV��H[FHOOHQW�SXULW\�DQG�\LHOG�YDOXHV�ZHUH�VHHQ�IRU�4,$DPS�'1$�0LQL�DQG�%ORRG�0LQL�
.LW��%XII\�FRDW�VDPSOHV�VKRZHG�EHWWHU�UHVXOWV�ZLWK�4,$DPS�'1$�0LQL�%ORRG�DQG�0LQL�.LW��:H�FRQFOXGH�WKDW�
WKH�H[WUDFWLRQ�PHWKRG�SOD\V�DQ�LPSRUWDQW�UROH�UHJDUGLQJ�SHUIRUPDQFH�LQ�PROHFXODU�DSSOLFDWLRQV�
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INTRODUCTION

 +XPDQ� FDQFHU� UHVHDUFK� LV� JHQHUDOO\� FRQ�
GXFWHG� RQ� D� ODUJH� VFDOH� WR� ÀQG� PROHFXODU� DEHUUD�
WLRQV� DW� YDULRXV� OHYHOV�� VXFK� DV� K\EULGL]DWLRQ��'1$�
VHTXHQFLQJ�� WUDQVFULSWRPLFV� DQG� SURWHRPLFV� DQDO\�
ses1�� 7KH� LQLWLDO� FRQGLWLRQ� WR� GHYHORSPHQW� PROH�
FXODU� DQDO\VLV� LV� TXDOLW\� FRQWURO� RI� DFLG� QXFOHLF��
+RZHYHU�� VHYHUDO� IDFWRUV� LQFOXGLQJ� H[WUDFWLRQ� DQG�
VWRUDJH�PHWKRGV�� W\SH� RI� VDPSOH� DV�ZHOO� DV� W\SH� RI�
WKH� H[WUDFWHG� QXFOHLF� DFLG� �'1$� RU� 51$�� KDYH� D�
GLUHFW� LPSDFW� RQ� WKH� VXFFHVV� RI� WKH� SXULÀFDWLRQ2��
� 6DPSOH�VWRUDJH�URXWLQHO\�GRQH�ELREDQNV�ZLWK�
UHVHDUFK�SXUSRVHV��(YHQ�HYHQ�WKRXJK�H[WUDFWHG�'1$�
LV� UHFRJQL]HG� IRU� UHPDLQLQJ� VWDEOHV� XQGHU� ORQJ� VWR�
UDJHV�DW�ORZ�WHPSHUDWXUHV��VRPH�VWXGLHV�KDYH�VKRZQ�
WKDW�'1$� LVRODWHG� IURP� GLIIHUHQW� VDPSOHV� FDQ� KDYH�
LVVXHV�FRQFHUQLQJ�TXDOLW\�DQG�LQWHJULW\�����7KH�LQLWLDO�
VWHS� VWDUW� UHVHDUFK� SURMHFWV� LQ� PROHFXODU� ELRORJ\� LV�
WKH�TXDOLW\�RI�ELRORJLFDO�PDWHULDO��DQG� WKHUH�DUH�GLI�
IHUHQW� W\SHV�RI�PHWKRGV� WKDW� FDQ�EH�XVHG� WR�QXFOHLF�
DFLGV� LVRODWLRQ� LQFOXGLQJ� '1$�� DQG� WKH� H[WUDFWLRQ�
RI�ELRORJLFDO�PDWHULDO�PD\�DIIHFW��SRVWHULRU�HIÀFDF\5�
� &XUUHQWO\��HIÀFLHQW�PHWKRGV�IRU�'1$�H[WUDF�
WLRQ�KDYH�EHHQ�XVHG�DQG�UHSRUWHG�LQ� WKH� OLWHUDWXUH�²���
7HFKQRORJ\� DGYDQFHPHQW� KDV� EHFRPH� SRVVLEOH� WR�
H[WUDFW� '1$� DQG� 51$� VHYHUDO� FRPPHUFLDO� NLWV�� LW�
LV�QHFHVVDU\� WR�NQRZ�ZKLFK�PHWKRG�VKRXOG�EH�XVHG�
IRU� FHUWDLQ� VDPSOHV� W\SHV�� 'LHWULFK� HW� DO��� ����� GH�
PRQVWUDWH� WKDW� � )RUPDOLQ�À[HG�� 3DUDIÀQ�HPEHG�
GHG� �))3(�� WLVVXH� LV� WKH�PRVW�ZLGHO\� XVHG� IRU�PR�
OHFXODU� WHVWLQJ��� +RZHYHU�� WKH� H[WUDFWLRQ� RI� QXFOHLF�
DFLG� IURP�))3(�PD\�EH�D�KLQGUDQFH� WR� VRPH�H[SH�
ULPHQWV� SHUIRUPHG� ODWHU�� EHFDXVH� PRVW� WKHVH� VDP�
SOHV� KDYH� KLJK� OHYHOV� RI� GHJUDGDWLRQ� DQG� UHSUHVHQWV�
D� SRRU� VXEVWUDWH� IRU�PROHFXODU� ELRORJ\�PHWKRGV�������
� 6HYHUDO� VWXGLHV���� KDYH� FRPSDUHG� GLIIHUHQW�
PHWKRGV�IRU�JHQRPLF�'1$�H[WUDFWLRQ�� WKURXJK�ERWK�
PDQXDO�DQG�DXWRPDWHG�WHFKQLTXHV��1HYHUWKHOHVV��WKH�
LQWHJULW\�RI�'1$�H[WUDFWHG�E\�HDFK�PHWKRG�KDV�QRW�
EHHQ� HYDOXDWHG�� ZKLFK�PRVWO\� EHHQ� EDVHG� RQ� VPDOO�
VDPSOH� VL]HV��$GGLWLRQDOO\�� VRPH� PHWKRGV� XVHG� IRU�
'1$� LVRODWLRQ� PD\� DFW� DV� LQKLELWRUV� IRU� RWKHUV� WH�
FKQLTXH��VXFK�DV�3&5�UHDO� WLPH�DQG� WKLV� IDFWRU�PD\�
LQÁXHQFH�D�UHOLDEOH�VHDUFK�UHVXOW��������,W�EHFDPH�QHFHV�
VDU\�WR�LQYHVWLJDWH�ZLWFK�PHWKRGV�PD\�RIIHU�EHVW�\LHOG�
DQG�TXDOLW\�IRU�WKH�H[WUDFWHG�ELRORJLFDO�PDWHULDO��7KH�
DLPHG�RI�WKLV�VWXG\�ZHUH�WR�HYDOXDWH�GLIIHUHQW�PHWKRGV�

RI�'1$�H[WUDFWLRQ�LQ�IUR]HQ�WLVVXH��))3(�DQG�EORRG�

MATERIAL AND METHODS

Study population and sample preparation

 7KLV�VWXG\�LQFOXGHG�D�WRWDO�RI����VDPSOHV�����
))3(�WLVVXHV�����IUR]HQ�WLVVXHV�DQG����EORRG��IURP�
EUHDVW� FDQFHU� SDWLHQWV�ZHUH� SURYLGHG� IURP� WKH�%DU�
UHWRV�&DQFHU�+RVSLWDO�EHWZHHQ������DQG�������7KH�
VDPSOHV� KDG� EHHQ� LUUHYHUVLEO\� DQRQ\PL]HG� DQG� QR�
FOLQLFDO�RU�SDWLHQW�UHODWHG�LQIRUPDWLRQ�ZDV�DYDLODEOH��
%UHDVW�))3(�DQG�IUR]HQ�WLVVXHV�VDPSOHV�ZHUH�REWDL�
QHG�IURP�SDWLHQWV�XQGHUJRLQJ�PDVWHFWRP\��)LYH�VHF�
WLRQV�ZLWK�����P�SHU�VDPSOH�SHU�NLW�ZHUH�FXW� IURP�
HDFK� SDWLHQW� EORFN� RQ� D� VWDQGDUG� PLFURWRPH� �5HL�
FKHUW�� -XQJ�+Q����/HLFD� ,QVWUXPHQWV��:HW]ODU��*HU�
PDQ\�� IURP� ))3(� VDPSOHV�� SODFHG� LQWR� LQGLYLGXDO�
����P/�PLFURFHQWULIXJH�WXEHV��(SSHQGRUI��+DPEXU�
JR�� *HUPDQ\�� DQG� VWRUHG� DW� �� �&� XQWLO� XVLQJ�� )UR�
]HQ� WLVVXH� VOLGHV�ZDV�SUHSDUH� XVLQJ� D� FU\RVWDW� �&0�
������/HLFD�,QVWUXPHQWV��:HW]ODU��*HUPDQ\��IRU� WX�
PRU� SHUFHQWDJH� YHULÀFDWLRQ�� 7KH� FXWV� ZHUH� SHUIRU�
PHG�ZLWK�PLQLPXP�ZHLJKWV�RI���PJ�DQG�PD[LPXP�
RI� ��PJ�� � 9HQRXV� EORRG� VDPSOHV� FROOHFWHG� LQ� WZR�
FROOHFWLRQ� WXEHV� ��PO��ZLWK� HWK\OHQHGLDPLQH� WHWUDD�
FHWLF� DFLG� �('7$�� IURP� SDWLHQWV� XQGHUJRLQJ� WUHDW�
PHQW�DW�%DUUHWRV�&DQFHU�+RVSLWDO��%XII\�FRDW�IUDFWLRQ�
ZHUH�LVRODWHG��SURFHVVHG�DQG�VWRUHG�IRU�������&��:H�
GR�QRW�HYDOXDWH� WKH� VWRUDJH� WLPH�RI� WKHVH�PDWHULDOV�

DNA extraction

:H� FRPSDUHG� ��� GLIIHUHQW� PHWKRGV� IRU� H[�
WUDFWLQJ�'1$��LQ�ZKLFK���IURP�))3(�WLVVXH����IURP�
IUR]HQ�WLVVXH�DQG���IURP�EXII\�FRDW��)RU�))3(�VDP�
SOHV�ZH�XVHG�ÀYH�VHFWLRQ�SHU�VDPSOH�DQG�ZH�H[WUDFWHG�
'1$�ZKROH�WXPRU�DUHD�HDFK�EORFN��$OO�VDPSOHV�ZHUH�
VXEPLWWHG� WR� DOO� DQDO\]HG� PHWKRGV�� 7KUHH� PHWKRGV�
ZHUH�GHYHORSHG�DW�4,$DPS�'1$�))3(�7LVVXH��4LD�
JHQ��+LOGHQ��*HUPDQ\���3XUH/LQN�*HQRPLF�'1$�.LW�
�7KHUPR�)LVKHU�6FLHQWLÀF��:DOWKDP��0$��86$��DQG�
,OOXVWUD�1XFOHRQ�*HQRPLF�'1$�([WUDFWLRQ�.LW��*(��
+HDOWKFDUH� /LIH� 6FLHQFHV�� /LWWOH� &KDOIRQW�� 8QLWHG�
.LQJGRQ���)RU�IUR]HQ�WLVVXH�VDPSOH�ZH�XVHG�ÀYH�GL�
IIHUHQW�PHWKRGV�IRU�'1$�H[WUDFWLQJ��'1HDV\�%ORRG�
	�7LVVXH�.LW� �4LDJHQ��+LOGHQ��*HUPDQ\���4,$DPS�
'1$�0LQL�DQG�%ORRG�0LQL�.LW��4LDJHQ��+LOGHQ��*HU�
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PDQ\��� 3XUH/LQN� *HQRPLF� '1$�.LW�,OOXVWUD� 7LVVXH�
DQG�&HOOV�JHQRPLF3UHS�0LQL�)ORZ�.LW��7KHUPR�)LVKHU�
6FLHQWLÀF��:DOWKDP��0$��86$���$OO3UHS�'1$�51$�
0LQL� .LW�� ,OOXVWUD� 7ULSOH� 3UHS� .LW� �*(�� +HDOWKFDUH�
/LIH�6FLHQFHV��/LWWOH�&KDOIRQW��8QLWHG�.LQJGRP��DQG�
$OO3UHS�'1$�51$�0LFUR�.LW��4LDJHQ��+LOGHQ��*HU�
PDQ\���)RU�EXII\�FRDW�'1$�H[WUDFWLRQ�ZHUH�XVHG�IRXU�
PHWKRGV�� 4,$DPS� '1$�0LQL� %ORRG� DQG�0LQL� .LW�
�4LDJHQ��+LOGHQ��*HUPDQ\���3XUH/LQN�*HQRPLF�'1$�
0LQL�.LW� �7KHUPR� )LVKHU� 6FLHQWLÀF��:DOWKDP��0$��
86$��� ,OOXVWUD� %ORRG� *HQRPLF3UHS� 0LQL� 6SLQ� .LW�
�*(��+HDOWKFDUH�/LIH�6FLHQFHV��/LWWOH�&KDOIRQW��8QL�
WHG�.LQJGRP��H�'1HDV\�%ORRG�	�7LVVXH�.LW��4LDJHQ��
+LOGHQ��*HUPDQ\���)RU�DOO�'1$�H[WUDFWLRQ�PHWKRGV��
ZH� IROORZHG� WKH� PDQXIDFWXUHU·V� LQVWUXFWLRQV�� 7KH�
SXULW\� RI� WRWDO� '1$�ZDV� HYDOXDWHG� E\�1DQR'URS��
6SHFWRSKRWRPHWHU� Y���� �7KHUPR� )LVKHU� 6FLHQWLÀF��
:DOWKDP��0$��86$��

Conventional PCR

:H� HYDOXDWHG� WKH� SUHVHQFH� RI� DPSOLÀFDWLRQ�
LQKLELWRUV� �FRPSRXQGV� WKDW� LPSDLU� WKH� HIÀFLHQF\� RI�
WKH� 3&5� UHDFWLRQ��� 7KLV� SUHVHQFH� ZDV� DVVHVVHG� E\�
DPSOLI\LQJ�WKH�$3&�JHQH��DPSOLI\LQJ�����EDVH�SDLUV�
�ES��RI�H[RQ���IRU�VDPSOHV�H[WUDFWHG�IURP�))3(��DQG�
����EDVH�SDLUV�RI�H[RQ���%�RI�VDPSOHV�H[WUDFWHG�IURP�
IUR]HQ�WLVVXH�DQG�EXII\�FRDW��7KH�DPSOLÀFDWLRQ�RI�JH�
QRPLF�'1$�IRU�WKH�$3&�SURPRWHU�UHJLRQ�ZDV�SHUIRU�
PHG�ZLWK�WKH�IROORZLQJ�SULPHUV��IRUZDUG��·�7777*�
777*77****$77*��·� DQG� UHYHUVH��·�&7&&$$�
&$&&7$&&&&$777��·��3&5�FRQGLWLRQV� FRQVLVWHG�
RI�DQ�LQLWLDO�KHDWLQJ�DW����&�IRU����PLQXWHV�IROORZHG�
E\����F\FOHV�DW����&�IRU����VHFRQGV�����&�IRU����VH�
FRQGV�DQG����&�IRU����VHFRQGV��6XEVHTXHQWO\��WKHVH�
3&5�SURGXFWV�ZHUH�HYDOXDWHG�LQ�D����DJDURVH�HOHF�
WURSKRUHVLV�JHO�

Statistical analysis

)ULHGPDQ� WHVW�ZHUH� XVHG� WR� FRPSDUHG� TXDOL�
W\� RI�'1$� H[WUDFWLRQ�PHWKRGV�� �:LOFR[RQ� WHVW�ZDV�
SHUIRUPHG� WR� ÀQG� RXW� WKH� GLIIHUHQFH� EHWZHHQ� HDFK�
RI� WKH�NLWV�ZKHQ�FRPSDUHG��3�YDOXHV�RI�������ZHUH�
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLÀFDQW��$OO�DQDO\VHV�ZHUH�
SHUIRUPHG�ZLWK�6366�IRU�:LQGRZV��Y�������,%0�&RU�
SRUDWLRQ��

Ethics statement

7KLV� VWXG\� ZDV� DSSURYHG� E\� WKH� 5HVHDUFK�
(WKLFV� &RPPLWWHH� RI� WKH� %DUUHWRV� &DQFHU� +RVSLWDO�
XQGHU�3URWRFRO�1R������������(DFK�UHVHDUFK�SDUWLFL�
SDQW�SURYLGHG�ZULWWHQ� LQIRUPHG�FRQVHQW� IRU� WKH�SX�
EOLFDWLRQ�RI�DQ\�GDWD��$OO� LQIRUPDWLRQ� WKDW�FRXOG�EH�
XVHG�WR�LGHQWLI\�WKH�VWXG\�SDUWLFLSDQWV�ZDV�NHSW�FRQ�
ÀGHQWLDO�DQG�HQFU\SWHG�LQ�D�VHFXUH�GDWDEDVH�WR�HQVXUH�
IXOO�FRQÀGHQWLDOLW\�RI�FOLQLFDO�LQIRUPDWLRQ��ODERUDWRU\�
ÀQGLQJV�DQG�WKH�DQRQ\PLW\�RI�HDFK�SDUWLFLSDQW�

RESULTS

4,$DPS� '1$� ))3(� 7LVVXH� NLWV�� 3XUH/LQN�
*HQRPLF� '1$� .LW� DQG� ,OOXVWUD� 1XFOHRQ� *HQRPLF�
'1$�([WUDFWLRQ�.LW�WKDW�ZHUH�XVHG�IRU�'1$�H[WUDF�
WLRQ�IURP�))3(�VKRZHG�VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIH�
UHQFHV��7DEOH���DQG�)LJXUH��$���7KH�4,$DPS�'1$�
))3(�7LVVXH�NLW�VKRZHG�EHWWHU�TXDOLW\�RYHU�$��������
DEVRUEDQFH��ZLWK�DQ�DYHUDJH�RI�����DQG�$��������DE�
VRUEDQFH�ZLWK�DQ�DYHUDJH�RI������+RZHYHU��WKH�,OOXV�
WUD�1XFOHRQ�*HQRPLF�'1$�([WUDFWLRQ�.LW�KDV�VKRZQ�
D�FRQFHQWUDWLRQ� WKDW�FDQ�EH�REVHUYHG�DQ�DYHUDJH�RI�
����QJ� ��O��:KHQ�FRPSDUHG�$��������DEVRUEDQFH��
ZH�REVHUYHG�D�VLJQLÀFDQW�GLIIHUHQFHO�EHWZHHQ�,OOXV�
WUD�1XFOHRQ�*HQRPLF�'1$�([WUDFWLRQ�.LW� DQG� WKH�
4,$DPS�'1$�))3(�7LVVXH�NLWV��)RU� WKH�$��������
DEVRUEDQFH�ZH�YHULÀHG�3XUH/LQN�*HQRPLF�'1$�DQG�
4,$DPS�'1$� ))3(�7LVVXH� .LWV� ZHUH� VWDWLVWLFDOO\�
GLIIHUHQW�ZLWK�EHWWHU�TXDOLW\�VFRUHV�FRPSDUHG�WR�3X�
UHOLQN�*HQRPLF�'1$��

$OO�PHWKRGV� XVHG� IRU� '1$� H[WUDFWLRQ� IURP�
IUR]HQ�WLVVXH�ZHUH�VLJQLÀFDQWO\�GLIIHUHQW�IRU�DOO�SDUD�
PHWHUV�DQDO\]HG��7DEOH���DQG�)LJXUH��%��

4,$DPS�'1$�0LQL�%ORRG�DQG�0LQL�.LW��3X�
UH/LQN�*HQRPLF�'1$�0LQL�.LW��,OOXVWUD�%ORRG�*HQR�
PLF3UHS�0LQL�6SLQ�.LW�DQG�'1HDV\�%ORRG�	�7LVVXH�
.LW� WKDW�ZHUH� XVHG� IRU�'1$� H[WUDFWLRQ� IURP� EXII\�
FRDW� VKRZHG� VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFHV� IRU�
$��������DQG�WKH�FRQFHQWUDWLRQ��QJ���O���WDEOH���DQG�
ÀJXUH��F���7KH�4O$PPS�'1$�0LQL�%ORRG�.LW�DQG�
0LQL�.LW� GHPRQVWUDWHG� EHWWHU� TXDOLW\� IRU�$��������
�PHDQ � ����� 6' � ����� DQG�$�������� �PHDQ � �����
6' � ������ ZHOO� DV� WKH� EHWWHU� FRQFHQWUDWLRQ� \LHOG�
�PHDQ �����QJ��O��6' �������+RZHYHU��ZH�REVHUYHG�
WKH�FRPSDULVRQ�EHWZHHQ�,OOXVWUD�%ORRG�*HQRPLF3UHS�
0LQL�6SLQ�DQG�4O$DPS�0LQL�%ORRG�DQG�0LQL�.LW�NLWV�
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Table 1. �&RPSDUDWLYH�DQDO\VLV�EHWZHHQ�WKH�GLIIHUHQW�PHWKRG�XVHG�IRU�'1$�H[WUDFWLRQ�IURP�))3(�

QlAamp DNA FFPE 
Tissue

PureLink Genomic 
DNA Kit

Illustra Necleon Ge-
nomic DNA Extra-

tion Kit

p value

A260/280 ����
�6' �����a

����
�6' ����E

����
�6' �����E

�����

A260/230 ����
�6' �����E

����
�6' �����a

����
�6' �����E

������

'LIIHUHQW�OHWWHUV��D�DQG�E��LQGLFDWH�VWDWLVWLFDO�VLJQL¿FDQFH�EHWZHHQ�WKH�JURXSV��3��������7KH�DQDO\VLV�ZDV�SHUIRUPHG�

Table 2. �&RPSDUDWLYH�DQDO\VLV�EHWZHHQ�WKH�GLIIHUHQW�PHWKRG�XVHG�IRU�'1$�H[WUDFWLRQ�IURP�IUR]HQ�WLVVXH�

QIAamp DNA 
Mini and 

Blood Mini Kit

PureLink 
Genomic 
DNA Kit

Illustra Tissue 
and Cells geno-

micPrep 

All Prep DNA/
RNA Mini Kit 

Illustra 
Triple Prep 

Kit

All Prep 
DNA/RNA 
Micro Kit

p value

A260/280 ���
�6' �����a

���
�6' �����E

����
�6' �����E

���
�6' �����E

���
�6' �����a

���
�6' �����a

������

A260/230 ���
�6' �����E

���
�6' �����E

���
�6' �����a

���
�6' �����d

���
�6' �����E

���
�6' �����E

������

'LIIHUHQW�OHWWHUV��D��E��F�DQG�G��LQGLFDWH�VWDWLVWLFDO�VLJQL¿FDQFH�EHWZHHQ�WKH�JURXSV��3��������7KH�DQDO\VLV�ZDV�SHUIRU-
PHG�ZLWK�WKH�PHDQ�YDOXHV��
³&RQF� �FRQFHQWUDWLRQ´��³VG �VWDQGDUG�GHYLDWLRQ´�

Table 3. �&RPSDUDWLYH�DQDO\VLV�EHWZHHQ�WKH�GLIIHUHQW�PHWKRG�XVHG�IRU�'1$�H[WUDFWLRQ�IURP�EXII\�FRDW�

 QIAamp DNA 
Mini Blood 

and Mini Kit  

PureLink Geno-
mic DNA Mini 

Kit    

Illustra Blood Geno-
micPrep Mini Spin 

Kit  

DNeasy Blood & 
Tissues Kit

p value

A260/280 ����
�6' �����

����
�6' �����

���
�6' �����

���
�6' �����

����

A260/230 ����
�6' �����a

����
�6' �����E

���
�6' �����E

���
�6' �����a

������

'LIIHUHQW�OHWWHUV��D��E�DQG�F��LQGLFDWH�VWDWLVWLFDO�VLJQL¿FDQFH�EHWZHHQ�WKH�JURXSV��3��������7KH�DQDO\VLV�ZDV�SHUIRUPHG�
ZLWK�WKH�PHDQ�YDOXHV��
³&RQF� �FRQFHQWUDWLRQ´��³VG �VWDQGDUG�GHYLDWLRQ´�



��

Palmero EI et al.

GLG�QRW� VKRZHG�VLJQLÀFDQW� VWDWLVWLFDO�GLIIHUHQFHV� IRU�
$���������$��������DEVRUEDQFH�DQG�\LHOGV�LQ�WHUPV�
RI�FRQFHQWUDWLRQ��QJ��O���:H�LGHQWLI\�D�VLJQLÀFDQW�GL�
IIHUHQFH�ZKHQ�FRPSDULQJ�WKH�$��������DEVRUEDQFH��
FRQFHQWUDWLRQ�EHWZHHQ�3XUH/LQN�*HQRPLF�'1$�0LQL�
.LW�DQG�4O$DPS�'1$�0LQL�%ORRG�DQG�PLQL�.LW��7KLV�
VDPH�UHVXOW�ZDV�IRXQG�LQ�WKH�DQDO\VLV�EHWZHHQ�3XUH�
/LQN�*HQRPLF�'1$�0LQL�.LW�DQG�'1HDV\�%ORRG�	�
7LVVXH�.LW��&RPSDULVRQ�EHWZHHQ�,OOXVWUD�%ORRG�*HQR�
PLF3UHS�0LQL�6SLQ�.LW�DQG�3XUH/LQN�*HQRPLF�'1$�
0LQL�.LW�ZH�REVHUYHG� VWDWLVWLFDO�GLIIHUHQFH�RQO\� IRU�
FRQFHQWUDWLRQ�QJ��O���:H�IRXQG�WKDW� WKH�GHVLUHG�DP�
SOLÀFDWLRQ� RFFXUUHG� IRU� DOO�'1$� H[WUDFWV� UHJDUGOHVV�
RI�'1$�H[WUDFWLRQ�SURFHGXUH�SHUIRUPHG��&RQVLGHULQJ�
WKH�3&5�HIÀFLHQF\�RI�HDFK�UXQ��LW�ZDV�FRQVLGHUHG�WKH�
UH�DUH�QRW�3&5�LQKLELWRUV�LQ�WKH�'1$�H[WUDFWV�UHJDU�
GOHVV�RI�WKH�PHWKRG�XVHG��

:H�SHUIRUPHG�D�FRPSDULVRQ�EHWZHHQ����'1$�
H[WUDFWLRQ�NLWV��:H�HVWLPDWHG�WLPH�WR�SHUIRUP�WKH�SUR�
FHGXUH�DQG�WKH�FRVW�SHU�VDPSOH�RI�HDFK�NLW��7DEOH�����
7KXV��ZH�REVHUYH�WKDW�WKH�IDVWHVW�PHWKRG�IRU�H[WUDF�
WLQJ�'1$�IURP�))3(�ZDV�4O$DPS�'1$�))3(�7LV�
VXH��+RZHYHU��WKLV�ZDV�WKH�PRVW�H[SHQVLYH�NLW�FRP�
SDUHG�WR�WKH�RWKHUV�XVHG��DQG�WKH�3XUH/LQN�*HQRPLF�
'1$�EHLQJ�WKH�PRVW�OHVV�H[SHQVLYH��&RQVLGHULQJ�WLPH�
DQDO\VLV�IRU�'1$�H[WUDFWLRQ�IURP�WLVVXH��ZH�REVHUYHG�
WKDW�4,$DPS�'1$�0LQL�DQG�%ORRG�0LQL�.LW��3XUH�
/LQN�*HQRPLF�'1$��$OO3UHS�'1$���51$�0LFUR�.LW��
DQG�$OO3UHS�'1$�51$�0LQL�.LW�ZHUH�WKH�IDVWHVW�NLWV��
3XUH/LQN�*HQRPLF�'1$�DQG�,OOXVWUD�7LVVXH�DQG�&H�
OOV�*HQRPLF3UHS�0LQL�)ORZ�.LW�ZHUH�WKH�ORZHVW�FRVW�
NLWV��RQ�WKH�RWKHU�KDQG��LW�ZDV�VHHQ�WKDW�$OO3UHS�'1$�
51$�0LFUR�.LW� DQG�$OO3UHS�'1$� ��51$�0LQL�.LW�
ZHUH� WKH�PRVW� H[SHQVLYH��SULFHG�DSSUR[LPDWHO\�ÀYH�
WLPHV�� ODUJHU� WKDQ� WKH� FKHDSHVW� NLW� IRU� IUR]HQ� WLVVXH�
'1$�H[WUDFWLRQ��7KH� IDVWHVW�NLW� IRU�H[WUDFWLQJ�'1$�
IURP� EORRG�ZDV� WKH� 3XUH/LQN�*HQRPLF�'1$�0LQL�
.LW�DQG� ,OOXVWUD�%ORRG�*HQRPLF3UHS�0LQL�6SLQ�.LW��
ZKLFK�ZHUH�DOVR�WKH�OHDVW�H[SHQVLYH��

DISCUSSION

'1$�H[WUDFWLRQ�LV�WKH�ÀUVW�VWHS�WR�GHYHORS�PR�
OHFXODU�DQDO\VLV�IURP�KXPDQ�VDPSOHV�DQG�FRQWULEXWHV�
WR�UHVHDUFK�LQ�VHYHUDO�ÀHOGV�VXFK�DV�WUHDWPHQW��GLDJQR�
VLV�DQG�SURJQRVLV�RI�YDULRXV�GLVHDVHV��LQFOXGLQJ�FDQ�
FHU��*LYHQ�WKLV��'1$�H[WUDFWLRQ�SHUIRUPHG�E\�NLWV�LV�
D�YHU\�HIIHFWLYH�WRRO�EHFDXVH�WKH\�DUH�RIWHQ�OHVV�WR[LF��

KDYH�JRRG�TXDOLW\��DUH�IDVWHU��SUDFWLFDO�DQG�UHSURGXFL�
EOH��'LIIHUHQW�PHWKRGV�RI�'1$�H[WUDFWLRQ�IURP�))3(��
EXII\�FRDW�DQG�IUR]HQ�WLVVXH�VDPSOHV�KDYH�EHHQ�UHSRU�
WHG�LQ�WKH�OLWHUDWXUH�GHPRQVWUDWLQJ�WKH�ORZ�SRWHQWLDO�RI�
))3(�H[WUDFWHG�VDPSOHV�GXH�WR�WKH�KLJK�GHJUDGDWLRQ�
UDWH�RI�WKH�JHQHWLF�PDWHULDO�WKDW�LV�FRQVHUYHG��DV�ZHOO�
DV�WKH�3&5�LQKLELWRUV�WKDW�DUH�SUHVHQW�LQ�DOO�VDPSOHV�
DQDO\]HG�LQ� WKLV�VWXG\���)RU� WKLV�UHDVRQ��FRPPHUFLDO�
NLWV�FDQ�UHGXFH�WKH�DPRXQW�RI�3&5�LQKLELWRUV�RI�ERWK�
WKH�VDPSOH�DQG�WKH�H[WUDFWLRQ�PHWKRG�LWVHOI13�DV�WKH\�
XVH� D� UHODWLYHO\� VPDOOHU� DPRXQW� RI� SKHQRO�FKORUR�
IRUP��ZKLFK�LV�DOUHDG\�D�KXJH�DGYDQFH�LQ�WHFKQRORJ\��
:H�DOVR�QHHG�WR�NQRZ�LI�WKH�RWKHU�FKDUDFWHULVWLFV�VXFK�
DV�\LHOGV��FRQFHQWUDWLRQ��DQG�TXDOLWLHV��$��������DQG�
$��������UDWLRV��WKDW�DUH�QHFHVVDU\�IRU�WKH�UHDOL]DWLRQ�
RI�JRRG�PROHFXODU�WHFKQLTXHV�DUH�DOVR�SUHVHQW�LQ�WKHVH�
FRPPHUFLDO�NLWV�

*LYHQ� WKHVH� IDFWRUV�� ZH� REVHUYHG� WKDW� WKH�
VDPSOHV� H[WUDFWHG� IURP� ))3(� WKH� 4O$DPS� '1$�
))3(�7LVVXH�NLW�VKRZHG�$���������$��������UDWLRV�
DQG�JRRG�FRQFHQWUDWLRQ�ZKHQ�FRPSDUHG�WR�WKH�RWKHU�
DQDO\]HG�NLWV�PRUH�GHVLUDEOH�FRPSDUHG�WR�RWKHU�NLWV��
$OO3UHS� '1$� �� 51$�0LFUR� .LW� DQG� ,OOXVWUD� 7ULSOH�
3UHS�.LW�ZKLFK�VKRZHG�JRRG�UHVXOWV�RQ�$��������UD�
WLRV��EXW�QR�JRRG�UHVXOWV�ZHUH�IRXQG�LQ�WKH�RWKHU�YDULD�
EOHV�DQDO\]HG��7KH�4O$DPS�'1$�0LQL�%ORRG�.LW�DQG�
0LQL�.LW�VKRZHG�EHWWHU�UHVXOWV�IRU�VDPSOHV�H[WUDFWHG�
IURP� EORRG�� VKRZLQJ� EHWWHU� UDWLRV�� FRQFHQWUDWLRQV�
ZKHQ� FRPSDUHG� WR� WKH� RWKHU� NLWV� XVHG�� )RU� IUR]HQ�
WLVVXH�'1$�H[WUDFWLRQ�NLWV��ZH�FDQ�DOVR�REVHUYH�WKDW�
4,$DPS�'1$�0LQL�DQG�%ORRG�0LQL�.LW�SUHVHQWHG�D�
JRRG�$��������UDWLR��KRZHYHU�QR�JRRG�UHVXOWV�ZHUH�
REVHUYHG�LQ�WKH�RWKHU�YDULDEOHV��

*LYHQ�WKHVH�UHVXOWV�ZH�FDQ�VHH�WKDW�WKH�'1$�
H[WUDFWLRQ�NLWV�PDQXIDFWXUHG�E\�4LDJHQ��+LOGHQ��*HU�
PDQ\�� VKRZHG�PRUH�VDWLVIDFWRU\� UHVXOWV�DV�GHPRQV�
WUDWHG�E\�&ODXVHQ�HW�DO������������ZKR�HYDOXDWHG�'1$�
H[WUDFWLRQ�E\�WZR�GLVWLQFW�NLWV�ERWK�IURP�4LDJHQ��+LO�
GHQ��*HUPDQ\��DQG�GHPRQVWUDWHG�JRRG�HIÀFLHQF\�DQG�
TXDOLW\�� $� VWXG\� FRPSDUHG� HOHYHQ� PHWKRGV� IRU� WKH�
H[WUDFWLRQ� RI� JHQRPLF�'1$� IURP�EORRG� VDPSOHV� LQ�
ZKLFK�WKH\�IRXQG�WKDW�WKH�PHWKRGV�XVHG�E\�FRPPHU�
FLDO� NLWV� DQG� RWKHU� LQ�KRXVH� VKRZHG� EHWWHU� UHVXOWV15��
+XLMVPDQV� HW� DO�� ����� IRXQG� WKDW�PROHFXODU� WHFKQL�
TXHV�IRU�WKH�H[WUDFWLRQ�RI�SDUDIÀQ�'1$�DUH�LPSRUWDQW�
IRU� WKH� SUHSDUDWLRQ� RI� VXEVHTXHQW� UHDFWLRQV�� VR� LW� LV�
QHFHVVDU\� WKDW� WKLV� WHFKQLTXH�EH�SHUIRUPHG�EHWWHU� WR�
UHGXFH�WKH�REVWDFOHV�WR�WKH�PHWKRGV�WKDW�ZLOO�EH�SHU�
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Figure 1.  %DU�JUDSKV�UHSUHVHQWLQJ�WKH�'1$�FRQFHQWUDWLRQ�EHWZHHQ�WKH�GLIIHUHQW�PHWKRGV�XVHG�IRU�'1$�H[WUDFWLRQ���D� 
PHWKRGV�XVHG�IRU�'1$�H[WUDFWLRQ�IURP�))3(�WLVVXH���E��PHWKRGV�XVHG�IRU�'1$�H[WUDFWLRQ�IURP�IUR]HQ�WLVVXH���F��PH-
WKRGV�XVHG�IRU�EXII\�FRDW�'1$�H[WUDFWLRQ��3�������
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formed later16��6RPH�NLWV�IRU�))3(�H[WUDFWLRQ��DQG�RI�
WKH�IRXU�PHWKRGV�WHVWHG��4,$DPS�'1$�EORRG�PLQL�
�NLW� H[WUDFWLRQ� DQG� (DV\0$*�1XFOL6HQV� H[WUDFWLRQ�
VKRZHG�EHWWHU�SHUIRUPDQFH�IRU�613�GHWHFWLRQ�LQ�UHDO�
WLPH�3&5�

,OOXVWUD� 7ULSOH� 3UHS� .LW� DQG�$OO3UHS� '1$� ��
51$�0LFUR�.LW�ZHUH� WHVWHG� LQ� WKH�ZRUN�RI�0DWKLH�
VRQ� DQG�7KRPDV� ������� DQG�KDG�SRRUHU� \LHOGV� WKDQ�
3XUHJHQH�.LW��DQG�WKLV�PD\�KDYH�EHHQ�GXH�WR�WKH�IDFW�
WKDW�H[WUDFWLRQV�ZHUH�SHUIRUPHG2��6LPXOWDQHRXV�'1$�
DQG�51$�LQ�WKH�VDPH�PDWHULDO��RQ�WKH�RWKHU�KDQG��LW�
ZDV�REVHUYHG�LQ�WKLV�VWXG\�WKDW�WKH�NLWV�WHVWHG�LQ�WKH�
PHQWLRQHG�ZRUN�SUHVHQWHG�VDWLVIDFWRU\�\LHOGV��+RZH�
YHU��WKH\�ZHUH�QRW�WKH�EHVW�ZKHQ�FRPSDUHG�ZLWK�WKH�
RWKHU�NLWV�XVHG�E\�WKH�VDPH�VDPSOHV��$QRWKHU�SUREOHP�
ZLWK� WKH�,OOXVWUD�7ULSOH�3UHS�DQG�$OO3UHS�NLWV� LV� WKDW�
WKH�51$�VROXWLRQ�LV�FHQWULIXJHG�WKURXJK�D�OLJDWLRQ�FR�
OXPQ�IURP�SUHYLRXV�'1$�VROXWLRQV��EHFDXVH�RI� WKLV�

WKHUH�LV�D�ULVN�WKDW�51$�FDQ�ELQG�WR�WKH�'1$�FROXPQ�
DQG�WKHUHIRUH�WKH�H[SHULPHQW�EHFRPHV�ORVW���7KHUHIR�
UH��JUHDWHU�FDUH�VKRXOG�EH�WDNHQ�LQ�FRQGXFWLQJ�WKLV�H[�
SHULPHQW��DV�D�ODFN�RI�SURIHVVLRQDO�DWWHQWLRQ�FDQ�OHDG�
WR�LUUHYHUVLEOH�GDPDJH�LQ�WKH�VHDUFK�IRU�D�JRRG�UHVXOW�

7KH� TXDOLW\� FKHFNLQJ� RI� WKH� H[WUDFWHG� '1$�
VDPSOHV�ZDV�SHUIRUPHG�E\�DPSOLI\LQJ�WKH�$3&�JHQH�
DQG�DIWHU�SHUIRUPLQJ�WKH�3&5�SURGXFW�UXQ�RQ�DQ�HOHF�
WURSKRUHVLV�JHO��7KXV��LW�FDQ�EH�VHHQ�WKDW�WKLV�JHQH�UH�
PDLQHG�LQWDFW�LQ�DOO�H[WUDFWHG�VDPSOHV��)RU�DOO�NLWV��WKLV�
UHVXOW�ZDV�VLPLODU�WR�WKDW�IRXQG�E\�5XVV�HW�DO���������
ZKR�REWDLQHG�D�UHSURGXFLEOH�3&5�SURGXFW�IURP�'1$�
H[WUDFWLRQ�E\�.LW����
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CONCLUSION

:H� FRQFOXGH� WKDW� ))3(�7LVVXH� NLW� ZDV� IRX�
QG�WR�KDYH�EHWWHU�TXDOLW\�IRU�))3(�VDPSOHV�DQG�DOVR�
H[FHOOHQW�\LHOG��)RU� IUR]HQ� WLVVXH� VDPSOHV�� H[FHOOHQW�
SXULW\�DQG�\LHOG�YDOXHV�ZHUH�VHHQ�IRU�4,$DPS�'1$�
0LQL�DQG�%ORRG�0LQL�.LW��%XII\�FRDW�VDPSOHV�VKRZHG�
EHWWHU� UHVXOWV� ZLWK� 4,$DPS� '1$� 0LQL� %ORRG� DQG�
0LQL�.LW��$OO�H[WUDFWLRQV�LQGHSHQGHQWO\�VDPSOH�XVHG�
ZHUH� IRXQG� VXLWDEOH� IRU� DPSOLÀFDWLRQ� RI� IUDJPHQWV�
XS� ���ES� DPSOLÀFDWLRQ� ZDV� PDUJLQDOO\� VXFFHVVIXO��
7KXV��WKH�PHWKRG�XVHG�IRU�'1$�LVRODWLRQ�WKRVH�VDP�
SOHV�VKRXOG�LPSURYH�QH[W�VWHSV�LQ�PROHFXODU�ELRORJ\�
UHVHDUFK�

ABBREVIATIONS

'1$�²�'HR[\ULERQXFOHLF�DFLG
3&5�²�SRO\PHUDVH�FKDLQ�UHDFWLRQ�TXDQWLWDWLYH�� �
real time
))3(�²�)RUPDOLQ�À[HG��3DUDIÀQ�HPEHGGHG�ES�²�
EDVH�SDLU

ACKNOWLEDGMENTS

7KH� DXWKRUV�ZRXOG� OLNH�%LREDQN�RI�%DUUHWRV�
&DQFHU�+RVSLWDO�� �����5XD�$QWHQRU�'XDUWH�9LOOHOD��
%DUUHWRV��6mR�3DXOR�������������%UD]LO�IRU�PDQDJLQJ�
DQG�SHUIRUPLQJ�'1$�H[WUDFWLRQ�

Manuscripta Medica. 2019;2:16-23

Method Estimated process duration (24 
samples)

Cost per sample (€)

FFPE
,OOXVWUD�1XFOHRQ�*HQRPLF�'1$�

([WUDFWLRQ�.LW�
��GD\V ����

3XUH/LQN�*HQRPLF�'1$�.LW� ��GD\V ����

4,$DPS�'1$�))3(�7LVVXH� ����KRXU ����

Frozen tissue
$OO3UHS�'1$�51$�0LFUR�.LW� ���PLQXWHV �����
$OO3UHS�'1$�51$�0LQL�.LW� ���PLQXWHV �����
'1HDV\�%ORRG�	�7LVVXH�.LW� ��KRXU ����

,OOXVWUD�7LVVXH�DQG�&HOOV�*HQRPL-
F3UHS�0LQL�)ORZ�.LW

��KRXU ����

,OOXVWUD�7ULSOH�3UHS�.LW� ��KRXU ����
3XUH/LQN�*HQRPLF�'1$�.LW� ��GD\V ����

4,$DPS�'1$�0LQL�%ORRG�DQG�
0LQL�.LW

���PLQXWHV ����

Buffy coat
'1HDV\�%ORRG�	�7LVVXH�.LW� ���PLQXWHV ����

,OOXVWUD�%ORRG�*HQRPLF3UHS�0LQL�
6SLQ�.LW�

���PLQXWHV ����

3XUH/LQN�*HQRPLF�'1$�0LQL�.LW� ���PLQXWHV ����

4,$DPS�'1$�0LQL�%ORRG�DQG�
0LQL�.LW

���PLQXWHV ����

Table 4.  &RVW�SHU�VDPSOH�HYDOXDWLRQ�DQG�HVWLPDWHG�GXUDWLRQ�RI�'1$�H[WUDFWLRQ�IURP�))3(��IUR]HQ�WLVVXH�DQG�
EXII\�FRDW�
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COMPETING INTEREST

7KH� DXWKRUV� KDYH� QR� FRQÁLFWV� RI� LQWHUHVW� WR�
GLVFORVH�

REFERENCES

��� *U]HQGRZVNL� 0�� 5LHPHQVFKQHLGHU� 0-�� +DZUDQNH�
(�� 6WHIDQVNL� $�� 0H\HU� +(�� 5HLIHQEHUJHU� *� HW� DO�� 6L-
PXOWDQHRXV� H[WUDFWLRQ� RI� QXFOHLF� DFLGV� DQG� SURWHLQV�
IURP� WLVVXH� VSHFLPHQV� E\� XOWUDFHQWULIXJDWLRQ�� $� SURWR-
FRO� XVLQJ� WKH� KLJK�VDOW� SURWHLQ� IUDFWLRQ� IRU� TXDQWLWDWL-
YH� SURWHRPH� DQDO\VLV�� 3URWHRPLFV�� ������ ��� ����±�����

��� 0DWKLHVRQ� :�� 7KRPDV� *$�� 6LPXOWDQHRXVO\� H[WUDFWLQJ�
'1$�� 51$�� DQG� SURWHLQ� XVLQJ� NLWV�� LV� VDPSOH� TXDQWLW\�
RU� TXDOLW\� SUHMXGLFHG"�$QDO� %LRFKHP�� ������ ����� ��±���
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