
* Presenting Author

Criminalistics Section - 2015

Copyright 2015 by the AAFS. Unless stated otherwise, noncommercial photocopying of editorial published in this periodical is permitted by AAFS. 
Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by AAFS. 

461

B185 Single-Step Photobleaching:  A PCR-Free Alternative to Typing Low-Copy 
Number Templates

Tanya M. Simms, PhD*, University of Kansas, 1251 Wescoe Hall Drive, Lawrence, KS 66045; and Matthew Antonik, 1082 Malott Hall, 
Dept of Physics and Astronomy, Lawrence, KS 66045

After attending this presentation, attendees will better understand photobleaching, a single molecule technique that allows 

H[DPLQDWLRQ�RI�WKH�LQGLYLGXDO�'1$�PROHFXOHV��UDWKHU�WKDQ�HQVHPEOH�PHDVXUHPHQWV��LQ�D�VDPSOH���,Q�DGGLWLRQ��DWWHQGHHV�ZLOO�UHDOL]H�
that this strategy is advantageous for samples with too few molecules for Polymerase Chain Reaction (PCR) and that photobleaching 

experiments are not subject to the stochastic variation that is typical of PCR, particularly when Low-Copy Number (LCN) templates are 

DPSOL¿HG�
This presentation will impact the forensic science community by educating them on alternative strategies in dealing with LCN 

WHPSODWHV���6SHFL¿FDOO\��WKH�JRDO�LV�WR�VWUHVV�WKDW�VLQJOH�PROHFXOH�WHFKQLTXHV��VXFK�DV�SKRWREOHDFKLQJ��H[DPLQH�LQGLYLGXDO�'1$�PROHFXOHV�
LQ�D�VDPSOH�UDWKHU�WKDQ�PDNLQJ�HQVHPEOH�PHDVXUHPHQWV�DV�ZLWK�3&5���,Q�DGGLWLRQ��WKH�SUHVHQWDWLRQ�HPSKDVL]HV�WKDW�E\�DWWDFKLQJ�JHQRPLF�
'1$�WR�D�JODVV�VXUIDFH��WKH�VDPH�LQGLYLGXDO�'1$�PROHFXOH�FDQ�EH�UHSHDWHGO\�PHDVXUHG���)LQDOO\��WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�VKRXOG�
UHDOL]H�WKDW�E\�XVLQJ�WKLV�WHFKQLTXH��ZKLFK�LV�QRQ�GHVWUXFWLYH��LW�VKRXOG�EH�DEOH�WR�UHFRYHU�WKH�VDPSOH�DIWHU�SHUIRUPLQJ�WKHVH�H[SHULPHQWV��
PDNLQJ�LW�DYDLODEOH�IRU�WUDGLWLRQDO�3&5�DQDO\VLV�LI�QHHG�EH�

675�W\SLQJ�DQG�QH[W�JHQHUDWLRQ�VHTXHQFLQJ�WHFKQRORJLHV�UHO\�XSRQ�3&5�EDVHG�PHWKRGV�IRU�WKH�H[SRQHQWLDO�DPSOL¿FDWLRQ�RI�'1$�
PDUNHUV��KRZHYHU��WKH�3&5�SURFHVV�LV�NQRZQ�WR�KDYH�LWV�OLPLWDWLRQV�ZLWK�UHJDUG�WR�'1$�WKDW�LV�GHJUDGHG�RU�LV�ORZ�LQ�FRS\�QXPEHU���:KLOH�
WKH�ODWWHU�UHVXOWV�LQ�VWRFKDVWLF�YDULDWLRQV�WKDW�DUH�GLI¿FXOW�IRU�IRUHQVLF�LQYHVWLJDWRUV�WR�LQWHUSUHW��WKH�IRUPHU�FDQ�SUHYHQW�3&5�DPSOL¿FDWLRQ�
DOWRJHWKHU��SDUWLFXODUO\�ZKHQ�WDUJHWLQJ�ODUJHU�VL]HG�IUDJPHQWV���7KHUHIRUH��LQ�WKLV�VWXG\��WKHVH�LVVXHV�DUH�DYRLGHG�E\�FRPSOHWHO\�E\SDVVLQJ�
the PCR process.  Instead, well-established single molecule-based approaches, which are sensitive enough and have the resolution 

�ZLWKLQ� RQH� QP�� WR� H[DPLQH� LQGLYLGXDO�'1$�PROHFXOHV�ZLWKLQ� IRUHQVLFDOO\� FKDOOHQJHG� VDPSOHV�� DUH� XWLOL]HG�� �7KH� VLQJOH�PROHFXOH�
WHFKQLTXHV�DOVR�SURYLGH�WKH�DGGHG�EHQH¿W�RI�EHLQJ�UHSURGXFLEOH��DV�ORQJ�DV�WKH�'1$�RI�LQWHUHVW�LV�DQFKRUHG�WR�WKH�JODVV�VXUIDFH�

6SHFL¿FDOO\��VLQJOH�VWHS�SKRWREOHDFKLQJ�ZDV�SHUIRUPHG��D�VLQJOH�PROHFXOH�PHWKRG�WKDW�HQDEOHV�GHWHUPLQDWLRQ�RI�WKH�QXPEHU�RI�675�
UHSHDWV�DW�WKH�732;�ORFXV�E\�GLUHFWO\�FRXQWLQJ�WKH�QXPEHU�RI�VWHSV�LQ�WKH�ÀXRUHVFHQFH�VLJQDO�DV�WKH�G\H�PROHFXOHV�DUH�GHVWUR\HG�RYHU�
WLPH�E\�H[SRVXUH�WR�OLJKW���7KH�'1$�PROHFXOHV�XWLOL]HG�IRU�WKHVH�H[SHULPHQWV�ZHUH�JHQHUDWHG�E\�DQQHDOLQJ�SULPHUV�DQG�ÀXRUHVFHQWO\�
ODEHOHG� HLJKW� ES� ROLJRQXFOHRWLGHV� WR� YDULRXV� VLQJOH�VWUDQGHG�'1$� WHPSODWHV�� FRQVLVWLQJ� RI� ��� ��� ���� DQG� ��� WHWUDQXFOHRWLGH� UHSHDWV�
ÀDQNHG�E\�WZR�SULPHU�ELQGLQJ�UHJLRQV���7KH�DQQHDOHG�GRXEOH�VWUDQGHG�'1$�FRQVWUXFW�ZDV�OLJDWHG�XVLQJ�D�SUHYLRXVO\�SXEOLVKHG�'1$�
OLJDWLRQ�SURWRFRO���8SRQ�FRPSOHWLRQ��WKH�VL]H�RI�HDFK�RI�WKH�OLJDWHG�'1$�WHPSODWHV�ZDV�FRQ¿UPHG�E\�&DSLOODU\�(OHFWURSKRUHVLV��&(��RQ�
a 3700xl�JHQHWLF�DQDO\]HU���)ROORZLQJ�&(��WKH�OLJDWHG�SURGXFWV�ZHUH�GLOXWHG�WR�VLQJOH�PROHFXOH�FRQFHQWUDWLRQ�����WR�����SLFRPRODU��DQG�
WKHQ�LPPRELOL]HG�RQWR�VHSDUDWH�FRYHUVOLSV�WKDW�ZHUH�IXQFWLRQDOL]HG�ZLWK�SRO\�O�O\VLQH���(DFK�FRYHUVOLS�ZDV�VXEVHTXHQWO\�H[DPLQHG�E\�
(TIRF), a popular single molecule technique that illuminates only those molecules present at the water-glass interface, and monitored 

XQWLO�DOO�WKH�G\HV�LQ�WKH�UHJLRQ�RI�LQWHUHVW�KDG�EHHQ�EOHDFKHG���8VLQJ�WKLV�DSSURDFK��WKLV�VWXG\�ZDV�DEOH�WR�YLVXDOL]H�WZR��WKUHH��¿YH��DQG�
VHYHQ�GLVWLQFW�VWHSV�ZKHQ�LPDJLQJ�'1$�WHPSODWHV�FRQVLVWLQJ�RI�����������DQG����WHWUDQXFOHRWLGH�UHSHDWV��UHVSHFWLYHO\���7R�FRQ¿UP�WKHVH�
UHVXOWV�� WKH� OLJDWLRQ�UHDFWLRQV�ZHUH�SHUIRUPHG�DJDLQ�XVLQJ�HLJKW�ES�ROLJRQXFOHRWLGHV� WDJJHG�ZLWK�¿YH�QP�JROG�QDQRSDUWLFOHV�DQG�WKH�
SURGXFWV�LPDJHG�YLD�7UDQVPLVVLRQ�(OHFWURQ�0LFURVFRS\��7(0����$V�ZLWK�WKH�7,5)�DSSURDFK��WKH�7(0�LPDJHV�DOVR�UHYHDOHG�FOXVWHUV�
RI�WZR��WKUHH��¿YH��DQG�VHYHQ�EHDGV�XVLQJ�WKH�DERYHPHQWLRQHG�WHPSODWH�VHTXHQFHV���$OWRJHWKHU��WKLV�GDWD�LOOXVWUDWHV�WKDW�WKH�FRPELQHG�
OLJDWLRQ�7,5)�DSSURDFK�LV�D�SURPLVLQJ�PHFKDQLVP�IRU�GHWHUPLQLQJ�WKH�QXPEHU�RI�675�UHSHDWV�DW�D�SDUWLFXODU�ORFXV��KRZHYHU��IXUWKHU�
ZRUN�LV�UHTXLUHG�WR�EH�DEOH�WR�FRYDOHQWO\��YHUVXV�HOHFWURVWDWLF�LQWHUDFWLRQV��DWWDFK�WKH�'1$�WR�WKH�VXUIDFH�RI�WKH�JODVV���,Q�GRLQJ�VR��WKLV�
UHVHDUFK�ZLOO�EH�DEOH�WR�H[DPLQH�JHQRPLF�'1$��PHOW�LW��ZDVK�RII�WKH�FRPSOHPHQWDU\�VWUDQG��DQG�UHSHDW�WKH�H[SHULPHQW�D�QXPEHU�RI�
GLIIHUHQW�WLPHV�IRU�FRQVLVWHQF\���$OWKRXJK�WKLV�SURFHVV�ZLOO�HQDEOH�JHQHUDWLRQ�RI�D�JHQHWLF�SUR¿OH�LQ�KLJK�SUR¿OH�FDVHV�ZKHUH�WKH�'1$�
evidence is limited or compromised, the resolution will be lower than with traditional STR typing technologies.  Additionally, it is hoped 

WKDW�E\�UH¿QLQJ�WKH�DWWDFKPHQW�VWUDWHJLHV�WKH�JHQRPLF�'1$�ZLOO�EH�UHFRYHUDEOH�IURP�WKH�FRYHUVOLS��PDNLQJ�LW�DYDLODEOH�IRU�WUDGLWLRQDO�
PCR analysis if so desired.
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7KLV�ZRUN�ZDV�IXQGHG�E\�WKH�1DWLRQDO�,QVWLWXWH�RI�-XVWLFH��2I¿FH�RI�-XVWLFH�3URJUDPV��8QLWHG�6WDWHV�'HSDUWPHQW�RI�-XVWLFH��$ZDUG�
1R�������'1�%;�.�������7KH�RSLQLRQV��¿QGLQJV��DQG�FRQFOXVLRQV�RU�UHFRPPHQGDWLRQV�H[SUHVVHG�DUH�WKRVH�RI�WKH�DXWKRU�V��DQG�GR�QRW�
QHFHVVDULO\�UHÀHFW�WKRVH�RI�WKH�'HSDUWPHQW�RI�-XVWLFH�

PCR-Free, Low-Copy Number, Single Molecule


