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-RXUQDO�RI�)RUHQVLF�&KHPLVWU��DQG�7R[LFRORJ�
9ROXPH����1XPEHU����-DQXDU��-XQH�����

'2,��KWWS���G[�GRL�RUJ����������MIFW������������������

�2�L�L�DO���WLFOH

7KH�(VWLPDWLRQ�RI��HQRPH�3RWHQWLDO�IRU�675��QDO�VLV�LQ��
EORRGVWDLQ�FROOHFWHG�DW�GLIIHUHQW�WHPSHUDW�UHV

6DPU�GGKL�3D�DV����QLWD��DGDY���7DQ�VKUHH�'KHHU���5DMHVK�.�PDU�

�EVWUDFW

'1��DQDO�VLV� LV� XVHG� LQ� IRUHQVLF� LQYHVWLJDWLRQV� WR� LGHQWLI�� LQGLYLGXDOV� DQG�VROYH� FULPHV��
,PSRUWDQW� SLHFHV� RI� HYLGHQFH� DUH� IUHTXHQWO�� IRXQG� DW� FULPH� VFHQHV�� LQFOXGLQJ� EORRGVWDLQV��
+RZHYHU��ERWK�WKH�TXDQWLW��DQG�WKH�TXDOLW��RI�WKH�H[WUDFWHG�'1��FDQ�YDU��GHSHQGLQJ�RQ�WKH�
FRQGLWLRQV�LQ�ZKLFK�EORRGVWDLQV�DUH�H[SRVHG�EHIRUH�DQDO�VLV��VXFK�DV�GLIIHUHQW�WHPSHUDWXUHV�

7KLV� VWXG��� WR� HYDOXDWH� WKH� JHQRPH� SRWHQWLDO� IRU� SHUIRUPLQJ� VKRUW� WDQGHP� UHSHDW� �675��
DQDO�VLV�RQ�EORRGVWDLQV�FROOHFWHG�IURP�WKUHH�GLIIHUHQW�WHPSHUDWXUH�VHWWLQJV������������DQG�URRP�
WHPSHUDWXUH�� 7KH� VWXG��ZLOO� HYDOXDWH�KRZ� WHPSHUDWXUH� DIIHFWV�'1�� H[WUDFWLRQ� DQG� W�SLQJ��
3UHYLRXV� VWXGLHV� KDYH� GHPRQVWUDWHG� WKDW� EXUQV� DQG� KLJK� KHDW� FDQ� FDXVH�'1�� WR� GHJUDGH�
DQG� ORZHU�'1��TXDQWLWLHV� LQ�EORRGVWDLQV���GGLWLRQDOO��� UHVHDUFK�KDV�VKRZQ�WKDW�HYHQ�DIWHU�
EHLQJ�KHDWHG�WR�VSHFLILF�WHPSHUDWXUHV��FOHDQHG�EORRGVWDLQV�FDQ�VWLOO�SURGXFH�VXIILFLHQW�'1��IRU�
DQDO�VLV��7KLV�UHVHDUFK�ZLOO�KHOS�WR�FODULI��WKH�FKDOOHQJHV�DQG�OLPLWDWLRQV�LQYROYHG�LQ�FRQGXFWLQJ�
675� DQDO�VLV� RQ� EORRGVWDLQV� H[SRVHG� WR� D� UDQJH� RI� WHPSHUDWXUHV� E�� H[DPLQLQJ� WKH� HIIHFWV�
RI� YDULRXV� WHPSHUDWXUHV� RQ�'1��TXDQWLW�� DQG�TXDOLW�� LQ� EORRGVWDLQV�� 7KH� UHVXOWV�ZLOO� KHOS�
LQYHVWLJDWRUV�LQ�WKH�IRUHQVLF�ILHOG�LQFUHDVH�'1��UHFRYHU��WHFKQLTXHV�DQG�UDLVH�WKH�DFFXUDF��RI�
'1��SURILOLQJ�LQ�FULPLQDO�LQYHVWLJDWLRQV�

.H��RUGV��6KRUW�7DQGHP�5HSHDW��675�DQDO�VLV�RQ�EORRGVWDLQ���7HPSHUDWXUHV��'1��
H[WUDFWLRQ��&ULPLQDO�LQYHVWLJDWLRQV�

�R��WR�FLWH�WKLV�DUWLFOH�

6DPUXGGKL�3D�DV���QLWD�<DGDY�7DQXVKUHH�'KHHU�H�� DO��7KH�(VWLPDWLRQ�RI�*HQRPH�3RWHQWLDO� IRU�675��QDO�VLV� LQ�EORRGVWDLQ�
FROOHFWHG�DW�GLIIHUHQW�WHPSHUDWXUHV��-�)RUHQVLF�&KHPLVWU��7R[LFRO�������������������

��WKRU� �IILOLDWLRQ�� �0�6F� 6WXGHQW�� ��VVRFLDWH�
3URIHVVRU�� ��VVLVWDQW� 3URIHVVRU�� 'HSDUWPHQW� RI� )RUHQVLF�
0HGLFLQH� DQG� 7R[LFRORJ��� 6DQMHHY� �JDUZDO� *OREDO�
(GXFDWLRQDO� 8QLYHUVLW��� %KRSDO� �������� 0DGK�D� 3UDGHVK��
��VVRFLDWH� 3URIHVVRU�� 'HSDUWPHQW� RI� )RUHQVLF� 0HGLFLQH� DQG�
7R[LFRORJ����OO� ,QGLD� ,QVWLWXWH�RI�0HGLFDO�6FLHQFHV��'HRJKDU�
��������-KDUNKDQG��,QGLD�

&RUUHVSRQGLQJ� ��WKRU�� 5DMHVK� .�PDU�� �VVRFLDWH�
3URIHVVRU��'HSDUWPHQW�RI�)RUHQVLF�0HGLFLQH�DQG�7R[LFRORJ���
�OO� ,QGLD� ,QVWLWXWH� RI� 0HGLFDO� 6FLHQFHV�� 'HRJKDU� ��������
-KDUNKDQG��,QGLD�

(�PDLO��VXMHHWPHZDU#JPDLO�FRP

5HFHLYHG�RQ������������� �FFHSWHG�RQ������������

,1752'8&7,21

)RUHQVLF� '1�� DQDO�VLV� LV� FUXFLDO� LQ� FULPLQDO�
LQYHVWLJDWLRQV��ZLWK�6KRUW�7DQGHP�5HSHDW��675��

DQDO�VLV� EHLQJ� D� ZLGHO�� XVHG� PHWKRG�� +RZHYHU��

WHPSHUDWXUH� FKDQJHV� FDQ� DIIHFW� WKH� TXDOLW�� DQG�
TXDQWLW��RI�'1��H[WUDFWHG�IURP�EORRG�VWDLQV��7KLV�
WKHVLV�DLPV�WR�LQYHVWLJDWH�WKH�LPSDFW�RI�WHPSHUDWXUH�
YDULDWLRQV� RQ� 675� DQDO�VLV� LQ� EORRG� VWDLQV� DQG�
GHYHORS� UHOLDEOH� HVWLPDWLRQ� PRGHOV�� 7KH� UHVHDUFK�
ZLOO� LQYROYH� FROOHFWLQJ� VDPSOHV� XQGHU� FRQWUROOHG�
WHPSHUDWXUHV��DLPLQJ�WR�LPSURYH�WKH�DFFXUDF��DQG�
UHOLDELOLW�� RI� IRUHQVLF� '1�� DQDO�VLV� LQ� FULPLQDO�
LQYHVWLJDWLRQV����� %ORRG�V� KLVWRU�� VSDQV� PLOOLRQV�
of� years,� with� scienti�c� understanding� evolving�
IURP� DQFLHQW� EHOLHIV� WR� PRGHUQ� GLVFRYHULHV��
0LFURVFRS�� LQ� WKH� ��WK� FHQWXU�� UHYROXWLRQL]HG�
EORRG� FLUFXODWLRQ�� ZKLOH� .DUO� /DQGVWHLQHU�V� �����
GLVFRYHU�� UHYROXWLRQL]HG� WUDQVIXVLRQ� WUHDWPHQW��
+HPDWRORJ�� DGYDQFHG� LQ� WKH� ODWH� ��WK� DQG� HDUO��
��WK� FHQWXULHV�� ZLWK� VSHFLDOL]HG� PDJD]LQHV� OLNH�
�%ORRGµ�SURPRWLQJ�LQWHUGLVFLSOLQDU��FROODERUDWLRQ��
Blood�has�signi�cantly�impacted�medical�practices,�
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SDUWLFXODUO�� LQ� WUDQVIXVLRQ�PHGLFLQH�������%ORRG� LV� D�
FUXFLDO� ELRORJLFDO� HYLGHQFH� IRXQG�DW� FULPH� VFHQHV��
VHUYLQJ�YDULRXV�IXQFWLRQV�VXFK�DV�WUDQVSRUWLQJ�YLWDO�
PDWHULDOV�� UHPRYLQJ� ZDVWH�� SURWHFWLQJ� WKH� ERG��
IURP� SDWKRJHQV�� UHJXODWLQJ� ERG�� WHPSHUDWXUH��
WUDQVSRUWLQJ� KRUPRQHV�� DQG� SUHYHQWLQJ� H[FHVVLYH�
EOHHGLQJ�� ,W� LV� FRPSRVHG� RI� FHOOV�� HQ]�PHV��
SURWHLQV�� ZDWHU�� DQG� LQRUJDQLF� VXEVWDQFHV�� %ORRG�
VWDLQV� SURYLGH� LQIRUPDWLRQ� RQ� WKH� FLUFXPVWDQFHV�
VXUURXQGLQJ� YLROHQW� FULPHV�� GULYLQJ� FULPLQDO�
LQYHVWLJDWLRQV� DQG� VXSSRUWLQJ� WKH� FRQFOXVLRQ� RI�
FULPLQDO�FDVHV��%ORRG�GHWHFWLRQ� LQ� IRUHQVLF�VFLHQFH�
FDQ� KHOS� GHWHUPLQH� WKH� VRXUFH� RI� EORRG�� VXFK�
DV� IRHWDO� EORRG�� SUHJQDQF�� DQG� DERUWLRQ� EORRG��
PHQVWUXDO� EORRG�� DQG� DUWHULDO� EORRG�� %ORRGVWDLQ�
DQDO�VLV� IURP� FORWKLQJ� LV� D� FUXFLDO� WHFKQLTXH� LQ�
IRUHQVLF�VFLHQFH�IRU�H[WUDFWLQJ�YDOXDEOH�LQIRUPDWLRQ�
IURP� EORRGVWDLQV� LQ� FULPLQDO� LQYHVWLJDWLRQV�������

,W� KHOSV� LQ� UHFRQVWUXFWLQJ� GHWDLOV�� LGHQWLI�LQJ�
SDWWHUQV��DQG�GHYHORSLQJ�FRQFOXVLRQV�E��H[DPLQLQJ�
WKH�VL]H��VKDSH��GLVWULEXWLRQ��DQG�FKDUDFWHULVWLFV�RI�
EORRGVWDLQV��������� 3URSHU� GRFXPHQWDWLRQ�� FDUHIXO�
FROOHFWLRQ�� DQG� VWRUDJH� RI� JDUPHQWV� DUH� HVVHQWLDO�
IRU�PDLQWDLQLQJ� WKH� LQWHJULW��RI� HYLGHQFH���JHLQJ�
RI�EORRG�FDQ�EH�GHWHUPLQHG�E��FRORXU�FKDQJHV�RYHU�
WLPH��%ORRGVWDLQ�DQDO�VLV�SURYLGHV�YDOXDEOH�GDWD�IRU�
FULPLQDO�LQYHVWLJDWLRQV�DQG�MXGLFLDO�DFWLRQV��)DFWRUV�
DIIHFWLQJ�JHQRPLF�SRWHQWLDO�IRU�675�DQDO�VLV�LQFOXGH�
'1��GHJUDGDWLRQ��GHWHFWLRQ�UDWH��DQG�TXDQWLWDWLYH�
3&5� DVVD�V�� ([SHULPHQWDO� GDWD� DQG� DQDO�VLV� DUH�
UHTXLUHG� WR� GHWHUPLQH� WKH� LPSDFW� RI� WHPSHUDWXUH�
RQ�'1��GHJUDGDWLRQ�DQG� WKH� VXFFHVV� UDWH�RI�675�
DQDO�VLV������

0(7�2'2/2��

0DWH�LDO��HT�L�HG

��HPLFDO�����[�7�(�EXIIHU��6RO��%��S+�����������
6'6�� 3URWHLQDVH� .�� 3KHQRO�FKORURIRUP�,VRDP�O�
DOFRKRO� PL[WXUH� ����������� �0� 6RGLXP� �FHWDWH�
�S+��������&KLOOHG�,VRSURSDQRO��,3��������HWKDQRO��
1XFOHDVH� IUHH� ZDWHU�� 3ULPHUV�� � G173V� �� %XIIHU�
HWF�

,��W��PH�W��� � 0LFURFHQWULIXJH�� �XWRFODYH��
5HIULJHUDWRU�� 3&5� 0DFKLQH�� 57�3&5� 0DFKLQH��
3LSHWWH�7LSV�� (SSHQGRUI� WXEHV� �PO�� 6FLVVRUV��
)RUFHSV�HWF�

�DPSOH��ROOHFWLR���%ORRG�FROOHFWHG�IURP�D�VLQJOH�
SHUVRQ�DIWHU�WDNLQJ�FRQVHQW��D�WRWDO�RI����VDPSOHV�RI�
EORRGVWDLQV�ZHUH� VSRWWHG� LQ� D� FRWWRQ� FORWK�IDEULF�
2XW� RI�ZKLFK� ���EORRG� VWDLQV�ZHUH� NHSW� DW�5RRP�
WHPSHUDWXUH� �57��� ��� DW� ������ DQG� ��� DW� ���� 7KH�
VDPSOHV�ZHUH�LQFXEDWHG�DW�UHVSHFWLYH�WHPSHUDWXUHV�
IRU����GD�V�EHIRUH�SURFHVVLQJIXUWKHU�

�DPSOH���HW�HDWPH�W��7KH�VDPSOH�ZDV�FROOHFWHG�
RQ� ��WK� �SULO� ����� DQG� NHSW� HDFK� ��� VDPSOHV� DW�
WKUHH� WHPSHUDWXUHV�5RRP�7HPSHUDWXUH� �57��� ������
���IRU����GD�V��)URP���WK�GD��'1��H[WUDFWLRQ�IURP�
HDFK� VDPSOH�ZDV� GRQH� KDYLQJ� DQ� LQWHUYDO� RI� RQH�
GD��EHWZHHQ�WKUHH�VDPSOHV�

��RFHG��H

�1��H�W�DFWLR��I�RP�EORRG��WDL��

7KH�VWXG��LQYROYHG�FXWWLQJ�D�VWDLQ�IUHH�FORWK�DQG�
DGGLQJ����PO�RI�6ROX��%������6'6��DQG�3URWHLQDVH�
.�� 7KH� PL[WXUH� ZDV� LQFXEDWHG� RYHUQLJKW� DQG�
FHQWULIXJHG� DW� ������� 530� IRU� ��� PLQXWHV�� 7KH�
VXSHUQDWDQW�ZDV�WUDQVIHUUHG�WR�D�IUHVK�WXEH��PL[HG�
ZLWK� 6RGLXP� �FHWDWH� DQG� 3&,�� DQG� LQFXEDWHG�
RYHUQLJKW��7KH�SHOOHW�ZDV�ZDVKHG�ZLWK�����HWKDQRO��
DLU�GULHG��DQG�GLVVROYHG�LQ�QXFOHDVH�IUHH�ZDWHU��7KH�
GLVVROYHG� '1�� ZDV� YLVXDOL]HG� XQGHU� 89� OLJKW�
XVLQJ�DJDURVH�JHO�HOHFWURSKRUHVLV�

��D�R�H��HO�(OHFW�RS�R�H�L�

�JDURVH� JHO� ZDV� FUHDWHG� E�� GLOXWLQJ� ��;� 7�(�
EXIIHU�WR��;�DQG�PL[LQJ�����PJ�RI�DJDURVH�ZLWK����
ml�of�1X�TAE�buffer.�The��ask�was�heated,�and�the�
DJDURVH�ZDV�GLVVROYHG��ZKLOH�ERLOLQJ�ZDV�DYRLGHG��
��JHO�FDVWLQJ�WUD��ZDV�VHDOHG�ZLWK�ELRKD]DUG�WDSH��
7R� WKH�FRROHG�DJDURVH�VROXWLRQ������—O�RI�HWKLGLXP�
EURPLGH� ZDV� DGGHG�� 7KH� DJDURVH� ZDV� SRXUHG� WR�
D�GHSWK�RI���FP�DQG�DOORZHG� WR�VROLGLI���������—O�
'1�� VDPSOH�� ���� —O� ORDGLQJ� G�H�� DQG� D� PDUNHU�
ZHUH�DGGHG�WR�WKH�JHO��7KH�JHO�ZDV�SODFHG�LQ�D�WDQN�
�lled� with� TAE� buffer.� The� electrophoresis� was�
UXQ�DW���9�IRU�DQ�KRXU�XQWLO�WKH�IURQW�G�H�UHDFKHG�
WKH�JHO�V�ERWWRP��7KH�HOHFWURGHV�ZHUH�FKHFNHG� IRU�
EXEEOLQJ��DQG�WKH�JHO�ZDV�SKRWRJUDSKHG�XQGHU�89�
WUDQVLOOXPLQDWLRQ�

DNA�Quanti�cation

The� quanti�cation� was� done� using� the� Qubit�
3.0��uorometer�kit� and� its� instructions.�The�assay�
WXEHV�IRU�WKH�VWDQGDUGV�DQG�RQH�DVVD��WXEH�IRU�HDFK�
XVHU� VDPSOH� ZHUH� VHW� XS�� 7KH� ZRUNLQJ� VROXWLRQ�
ZDV�SUHSDUHG� E��GLOXWLQJ� WKH�4XELW� UHDJHQW�������
LQ�4XELW�EXIIHU��7KH�DVVD��WXEH�DQG�VWDQGDUG�WXEHV�
ZHUH�SUHSDUHG�DFFRUGLQJ�WR�WKH�WDEOH�JLYHQ�EHORZ�

7DEOH�����VVD��WXEH�DQG�VWDQGDUG�WXEHV�SURWRFRO

&RPSRQHQWV 6WDQGDUG��VVD��
7�EHV���O�

6DPSOH�DVVD��
W�EHV���O�

:RUNLQJ�VROXWLRQ�
�IURP�VWHS���

��� ���

6WDQGDUG��IURP�
NLW�

�� �

7DEOH�&R�����

6DPUXGGKL�3D�DV���QLWD�<DGDY��7DQXVKUHH�'KHHU�H��DO��7KH�(VWLPDWLRQ�RI�*HQRPH�3RWHQWLDO�IRU�675��QDO�VLV�
LQ�EORRGVWDLQ�FROOHFWHG�DW�GLIIHUHQW�WHPSHUDWXUHV
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��6DPUXGGKL�3D�DV���QLWD�<DGDY��7DQXVKUHH�'KHHU�H��DO��7KH�(VWLPDWLRQ�RI�*HQRPH�3RWHQWLDO�IRU�675��QDO�VLV�
LQ�EORRGVWDLQ�FROOHFWHG�DW�GLIIHUHQW�WHPSHUDWXUHV

9RO��RI�VDPSOH � �

7RWDO�YROXPH�LQ�
HDFK�WXEH

��� ���

7KH� WXEHV� ZHUH� YRUWH[HG� IRU� ���� VHFRQGV� DQG�
LQFXEDWHG� IRU� ��PLQXWHV� DW� URRP� WHPSHUDWXUH� �57��
7KH�WXEHV�ZHUH�LQVHUWHG�LQWR�WKH�4XELW�)OXRURPHWHU��
DQG�UHDGLQJV�ZHUH�WDNHQ��7KH�UHDGLQJV�ZHUH�LQ�QJ�—O�

T�����

��RFHG��H�5HDFWLRQ� PL[WXUH� LV� SUHSDUHG� E��
DGGLQJ� DOO� WKH� FRPSRQHQWV� LQ� RQH� WXEH� H[FHSW�
VDPSOH�DQG�GLYLGLQJ�WKH�FRQWHQW�HTXDOO��LQ�DOO�ZHOOV�
DQG� WKHQ�DGGLQJ� VDPSOH� LQ� ODVW��5HDFWLRQ�PL[WXUH�
ZDV�SUHSDUHG�IRU�WKH�WRWDO�YROXPH�RI���—O��

7DEOH����7DEOH�5HDFWLRQ�PL[WXUH�IRU�T�3&5

6�1R� &RQWHQW 9RO�PH���O�

� �;�T3&5�0L[ �

� )ZG��3ULPHU�1(�7�� ���

� 5HY�3ULPHU�1(�7���� ���

� 51�VH�IUHH�ZDWHU ���

� 6DPSOH��'1�� ���

����L���RI� T������7KH� ��VWHS� T�3&5� LQYROYHG�
D� KRW� VWDUW� DW� ����&� IRU� �� PLQXWHV�� IROORZHG� E��
GHQDWXUDWLRQ�� SULPHU� DQQHDOLQJ�� DQG� H[WHQVLRQ� DW�
600°C�for�20�seconds.�The�ampli�cation�cycle�was�
���F�FOHV��FXOPLQDWLQJ�LQ�PHOWLQJ�

7DEOH����6WHSV�LQ�T�3&5

6U�1R� &RQWHQW 7HPS��R&� '�UDWLRQ�
�VHF�

� 3UH�GHQDWXUDWLRQ �� ��PLQ

� 'HQDWXUDWLRQ �� ��

� �QQHDOLQJ�
�([WHQVLRQ�

�� ��

� 0HOWLQJ� ������ ������

675� �QDO�VLV�� 675� DQDO�VLV� FRPSDUHV� DOOHOH�
repeats� at� speci�c� DNA� loci� in� samples,� used� in�
IRUHQVLF�DQDO�VLV��KXPDQ�VDPSOH�DXWKHQWLFDWLRQ��DQG�
FHOO�OLQH�DXWKHQWLFDWLRQ��,W�GHWHFWV�DQG�PHDVXUHV�VKRUW�
WDQGHP�UHSHDW�VHTXHQFHV������EDVH�SDLUV�ORQJ���

��RFHG��H

�1�� (�W�DFWLR��� 7KH� '1�� LV� H[WUDFWHG� IURP�
WKH�ELRORJLFDO� VDPSOH�RI� LQWHUHVW�XVLQJ�HVWDEOLVKHG�
SURWRFROV�

��LPH�� �H�L���Primers� target� speci�c� STR�
loci� for� ampli�cation,� allowing� repeat� sequence�
ampli�cation.

�RO�PH�D�H� ��DL�� �HDFWLR�� ������� 3&5�
ampli�es� targeted� STR� loci� using� primers,�
JHQHUDWLQJ� PXOWLSOH� FRSLHV� RI� WKH� 675� UHJLRQ�
WKURXJK� GHQDWXUDWLRQ�� DQQHDOLQJ�� DQG� H[WHQVLRQ�
F�FOHV�

)�D�PH�W� �HSD�DWLR��� 3&5� SURGXFWV� DUH�
VHSDUDWHG�XVLQJ�HOHFWURSKRUHVLV�RU

FDSLOODU��HOHFWURSKRUHVLV�WR�GHWHUPLQH�675�UHSHDW�
OHQJWKV�

�DWD� ��DO��L��� 8VLQJ� VRIWZDUH� RU� JHQHWLF�
DQDO�VHUV�� VHSDUDWHG� IUDJPHQWV� DUH� DQDO�VHG� WR�
LGHQWLI��675�ORFXV�UHSHDW�XQLWV�DQG�HVWDEOLVK�OLQNV�

675� DQDO�VLV� LV� XWLOL]HG� LQ� IRUHQVLF� VFLHQFH� IRU�
human� identi�cation� and� cell� line� authentication,�
HQDEOLQJ�GLVFULPLQDWLRQ�DQG�DFFXUDF��LQ�XQUHODWHG�
LQGLYLGXDOV�

5(68/76��1'�',6&866,21

�HO�(OHFW�RS�R�H�L���H��OW����������H��OW�

)LJ����������*HO�(OHFWURSKRUHVLV�VDPSOHV�YLVLEOH�DV��
EDQGV�LQ�UHVXOWV

)LJ�����0HOW�FXUYH��)ROG�FKDQJH��RI�1(�7���JHQH�H[SUHVVLRQ

1RWH��&7�YDO�HV� UD�JH� IURP������� �R�������� L�GL�D�L�J�1��7��
JH�H�H�SUHVVLR��L��DOO�VDPSOHV���L�K�OR�HU�YDO�HV�L�GL�D�L�J�KLJKHU�
DE��GD��H�

,Q�WKH�JLYHQ�GDWDVHW��WKH�&7�YDOXHV�IRU�WKH�1(�7��
JHQH�UDQJH�IURP�������WR��������6DPSOH�%���6���KDV�
WKH�ORZHVW�&7�YDOXH�RI��������VXJJHVWLQJ�WKH�KLJKHVW�
H[SUHVVLRQ� OHYHO� RI� 1(�7�� DPRQJ� WKH� WHVWHG�
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VDPSOHV�� 6DPSOH� %�� �6��� DQG� %��� �6���� KDYH� WKH�
KLJKHVW�&7�YDOXHV�RI�������DQG��������UHVSHFWLYHO���
LQGLFDWLQJ� UHODWLYHO�� ORZHU� H[SUHVVLRQ� OHYHOV� RI�
1(�7��

7DEOH����6WDWLVWLFDO�6XPPDU��RI�T3&5�'DWD�

3DUDPHWHUV &7�YDO�HV )ROG�FKDQJH�
YDO�HV

0RGH ����� ����

0HGLDQ ����� �����

0HDQ ����� �����

5DQJH ������������� ���������

������DO��L���H��OW�
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