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%��� (YDOXDWLRQ�RI�D�0RGL¿HG�'1$�([WUDFWLRQ�$SSURDFK�IRU�,PSURYHG�6KRUW�7DQGHP�
Repeat (STR) Recovery From Severely Degraded Skeletal Elements

+DUULVRQ�5HGG�������3DUN�6WUHHW��$SW����+XQWLQJWRQ��:9��������&KDUOD�0DUVKDOO��3K'��$UPHG�)RUFHV�'1$�,GHQWL¿FDWLRQ�/DERUDWRU\��
115 Purple Heart Drive, Dover AFB, DE 19902; Pamela J. Staton, PhD, Marshall University Forensic Science MSFS & Center, 1401 
Forensic Science Drive, Huntington, WV 25701; and Odile M. Loreille, PhD, 1413 Research Boulevard, Rockville, MD 20850

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�OHDUQ�EHVW�SUDFWLFHV�IRU�SURFHVVLQJ�'1$�H[WUDFWV�IURP�GHJUDGHG�VNHOHWDO�UHPDLQV�
ZKHUH�WKH�JRDO�LV�WR�LQFUHDVH�WKH�SXULW\�DQG�FRQFHQWUDWLRQ�RI�H[WUDFWV�IRU�WKH�SXUSRVH�RI�LPSURYLQJ�WKH�OLNHOLKRRG�WKDW�PRUH�FRPSOHWH�
675�SUR¿OHV�ZLOO�EH�JHQHUDWHG�

7KLV� SUHVHQWDWLRQ�ZLOO� LPSDFW� WKH� IRUHQVLF� VFLHQFH� FRPPXQLW\�� SDUWLFXODUO\� ODERUDWRULHV�ZRUNLQJ� RQ�PLVVLQJ� SHUVRQV� FDVHV�� E\�
SUHVHQWLQJ� D� QHZ�ZD\� WR� SXULI\� DQG� HQULFK� VNHOHWDO� UHPDLQV� H[WUDFWV� IRU� QXFOHDU�'1$� �QXF'1$��ZKLOH�PLQLPL]LQJ� WKH� DPRXQW� RI�
3RO\PHUDVH�&KDLQ�5HDFWLRQ��3&5��LQKLELWRUV�WKDW�FR�SXULI\�ZLWK�WKH�'1$�

'HJUDGHG�VNHOHWDO�UHPDLQV�JHQHUDOO\�FRQWDLQ�OLPLWHG�TXDQWLWLHV�RI�QXF'1$�DQG�WKXV��'1$�EDVHG�LGHQWL¿FDWLRQ�HIIRUWV�RIWHQ�WDUJHW�WKH�
PLWRFKRQGULDO�'1$��PW'1$��FRQWURO�UHJLRQ�GXH�WR�WKH�UHODWLYH�DEXQGDQFH�RI�LQWDFW�PW'1$�DV�FRPSDUHG�WR�QXF'1$��KRZHYHU��LQ�PDQ\�
FDVHV�WKH�GLVFULPLQDWRU\�SRZHU�RI�PW'1$�LV�LQDGHTXDWH�WR�SHUPLW�LGHQWL¿FDWLRQ�DQG�675�DQDO\VLV�EHFRPHV�HVVHQWLDO���8QIRUWXQDWHO\��
FRPPHUFLDO�675�NLWV� VXFK�DV� WKH�$PS)O675®�<¿OHU®�3&5�$PSOL¿FDWLRQ�NLW��$PS)O675®�0LQL)LOHU™�3&5�$PSOL¿FDWLRQ�.LW�� DQG�
PowerPlex®����+6�3&5�$PSOL¿FDWLRQ�.LW�UHTXLUH�LQSXW�'1$�TXDQWLWLHV�JUHDWHU�WKDQ�ZKDW�LV�W\SLFDOO\�H[WUDFWHG�IURP�KLJKO\�GHJUDGHG�
ERQH�VDPSOHV���$V�D�UHVXOW��DPSOL¿FDWLRQ�LV�JHQHUDOO\�XQVXFFHVVIXO�ZKHQ�IROORZLQJ�WKH�PDQXIDFWXUHU¶V�UHFRPPHQGDWLRQV�

,Q�������D�/RZ�&RS\�1XPEHU��/&1��<¿OHU®�SURWRFRO�ZDV�DGRSWHG�E\�WKH�PLWRFKRQGULDO�'1$�VHFWLRQ�ZRUNLQJ�RQ�UHPDLQV�IURP�
XQDFFRXQWHG�IRU� LQGLYLGXDOV� IURP�SDVW� FRQÀLFWV� DW� WKH�$UPHG�)RUFHV�'1$�,GHQWL¿FDWLRQ�/DERUDWRU\� �$)',/��� �7KLV�/&1�SURWRFRO�
UHTXLUHV�DQ�LQFUHDVHG�DPRXQW�RI�7DT�SRO\PHUDVH�DQG�PRUH�F\FOHV�GXULQJ�3&5�DPSOL¿FDWLRQ���7R�EH�UHSRUWHG��DQ�DOOHOH�PXVW�EH�REVHUYHG�
DERYH�VWRFKDVWLF�WKUHVKROG�LQ�DW�OHDVW�WZR�RXW�RI�WKUHH�RU�PRUH�LQGHSHQGHQW�DPSOL¿FDWLRQV���7KLV�SURWRFRO�KDV�LQFUHDVHG�WKH�VXFFHVV�UDWH�
for generating four or more alleles (the minimum number of alleles needed to report out a sample) to 40%.  Unfortunately, in many cases, 
675�SUR¿OHV�UHPDLQ�LQFRPSOHWH�1

&XUUHQWO\�����J�WR�����J�RI�ERQH�SRZGHU�LV�GLJHVWHG�ZLWK�D�GHPLQHUDOL]DWLRQ�EXIIHU������0�('7$�DQG����1�ODXUR\OVDUFRVLQH��DQG�
SURWHLQDVH�.��FRQFHQWUDWHG�ZLWK�DQ�$PLFRQ��Ultra-4�&HQWULIXJDO�)LOWHU�8QLW�DQG�SXUL¿HG�WZLFH�ZLWK�WKH�0LQ(OXWH®�3&5�3XUL¿FDWLRQ�NLW���
3UHOLPLQDU\�RSWLPL]DWLRQ�H[SHULPHQWV�VWDUWHG�ZLWK�LQFUHDVLQJ�WKH�DPRXQW�RI�ERQH�SRZGHU�WR����J�RU����J��WZR�RU�IRXU�WLPHV�LQ�DPRXQW��
ZKLFK�UHVXOWHG�LQ�D�QRQ�OLQHDU�LQFUHDVH�LQ�'1$�\LHOG���7KHUHIRUH��RQH�SRVVLEOH�H[SODQDWLRQ�IRU�WKH�ORZ�'1$�\LHOG�REVHUYHG�ZLWK�WKH�
DGGLWLRQ�RI�LQFUHDVHG�DPRXQWV�RI�ERQH�SRZGHU�LV�WKH�ELQGLQJ�FRPSHWLWLRQ�EHWZHHQ�'1$�DQG�KXPLF�DFLG�IRU�WKH�VLOLFD�PHPEUDQH�RI�WKH�
0LQ(OXWH®�FROXPQ���7KH�JRDO�RI�WKLV�SURMHFW�ZDV�WR�LQFUHDVH�675�W\SLQJ�VXFFHVV�UDWHV�E\�LQFUHDVLQJ�WKH�'1$�FRQFHQWUDWLRQ�IURP�ERQH�
H[WUDFWV�E\�¿QGLQJ�D�ZD\�WR�OLPLW�WKH�HIIHFWV�RI�KXPLF�DFLG�ELQGLQJ�FRPSHWLWLRQ�2,3

Presented here is a protocol where multiple 0.2g to 0.25g bone powder samples were extracted, pooled, and concentrated in a way 
WKDW�OLPLWHG�KXPLF�DFLG�FRPSHWLWLRQ�IRU�VLOLFD���7KH�H[WUDFWV�ZHUH�TXDQWL¿HG�DQG�/&1�<¿OHU®�DPSOL¿HG�EHIRUH�DQG�DIWHU�SRROLQJ���5HVXOWV�
VKRZ�WKDW�SRROLQJ�WKUHH�RU�IRXU�H[WUDFWV�SURGXFHV�WKH�PRVW�VLJQL¿FDQW�LQFUHDVH�LQ�DOOHOHV�UHSRUWHG���7KLV�FDQ�DOVR�EH�VHHQ�LQ�WKH�WDEOH�
below.

EƵŵďĞƌ�ŽĨ��ǆƚƌĂĐƚƐ�
WŽŽůĞĚ

�ĂƐĞƐ�ǁŝƚŚ��ƋƵĂů�Žƌ�
�ĞƩĞƌ�ZĞƐƵůƚƐ

dŽƚĂů�EƵŵďĞƌ�ŽĨ�
Cases Success Rate

Two 7 14 50%

Three 3 4 75%
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Four 8 9 88.9%
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