
* 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. 

351

B99 Development of a Pre-Screening qPCR Mixture Detection Assay Using High-
Resolution Melting Curve Analysis of the Short Tandem Repeat (STR) Loci 
D5S818 and D18S51

Kristiana M. Kuehnert, BS*, 3911 Grovewood Way, Apt L, Williamsburg, VA 23188; Nooli Hong, 1015 Floyd Avenue, Richmond, VA 
23284; Sarah J. Seashols, PhD, Virginia Commonwealth University, Dept of Forensic Science, PO Box 843079, Richmond, VA 23284-
3079; Todd W. Bille, MS, Bureau of ATFE, National Laboratory Center, 6000 Ammendale Road, Ammendale, MD 20705; Steven Weitz, 
MS, 6000 Ammendale Road, Beltsville, MD 20705; and Tracey Dawson Cruz, PhD, Virginia Commonwealth University, 1015 Floyd 
Avenue, PO Box 843079, Richmond, VA 23284

After attending this presentation, attendees will have a better understanding of how a quantitative Polymerase Chain Reaction 
�T3&5��PL[WXUH�GHWHFWLRQ�DVVD\�FDQ�EH�XVHG�WR�VFUHHQ�ORZ�OHYHO�WRXFK�'1$�VDPSOHV�

This presentation will impact the forensic science community by demonstrating a way to potentially detect the presence of a mixture 
HDUOLHU�LQ�WKH�'1$�ODERUDWRU\�ZRUNÀRZ�SURFHVV�

:LWK�WKH�FXUUHQW�IRUHQVLF�'1$�ODERUDWRU\�ZRUNÀRZ�SURFHVV��LW�LV�QRW�SRVVLEOH�WR�GHWHUPLQH�LI�D�VDPSOH�LV�D�PL[WXUH�RI�PXOWLSOH�
FRQWULEXWRUV�XQWLO�DIWHU�WKH�FDSLOODU\�HOHFWURSKRUHVLV�VWHS�KDV�EHHQ�SHUIRUPHG�DQG�WKH�DQDO\VLV�RI�WKH�'1$�SUR¿OH�VKRZV�WKH�SUHVHQFH�
RI�WKUHH�RU�PRUH�SHDNV�DW�WZR�RU�PRUH�ORFL��KRZHYHU��EHFDXVH�RI�WKH�ODUJH�QXPEHU�RI�ORZ�OHYHO�RU�³WRXFK´�'1$�PL[WXUH�VDPSOHV�WKDW�
IRUHQVLF� ODERUDWRULHV�DUH� UHFHLYLQJ�DV�HYLGHQFH� WRGD\��PL[WXUH�GHWHFWLRQ�DW�DQ�HDUOLHU� VWHS� LQ� WKH�'1$�ZRUNÀRZ�SURFHVV�FRXOG�EH�D�
EHQH¿FLDO�WRRO���5HFHLYLQJ�WKLV�LQIRUPDWLRQ�HDUOLHU�ZRXOG�DOORZ�WKH�DQDO\VW�WR�GHWHUPLQH�LI�FRQVXPSWLRQ�RI�WKH�VDPSOH�LV�ZDUUDQWHG�RU�LI�
SURWRFROV�VKRXOG�EH�DGMXVWHG�WR�DOORZ�IRU�WKH�FRPELQLQJ�RI�VZDEV�IURP�GLIIHUHQW�DUHDV�RI�WKH�HYLGHQFH�LWHP�SULRU�WR�675�DPSOL¿FDWLRQ���
7KH�TXDQWLWDWLRQ�VWHS�LV�WKH�PRVW�ORJLFDO�SODFH�WR�DGG�D�PL[WXUH�VFUHHQLQJ�DVVD\�DV�LW�LV�D�QHFHVVDU\�DQG�UHTXLUHG�VWHS�RI�WKH�'1$�DQDO\VLV�
SURFHVV��XVHV�T3&5�ZKLFK�FDQ�DFFRPPRGDWH�PXOWLSOH[LQJ�D�PL[WXUH�GHWHFWLRQ�DVVD\��DQG�EHFDXVH�LW�LV�HDUO\�HQRXJK�LQ�WKH�ZRUNÀRZ�WKDW�
changes can be made prior to downstream STR analysis.

675�ORFL�'�6����DQG�'��6���ZHUH�FKRVHQ�DV�WKH�WDUJHWV�IRU�D�PL[WXUH�GHWHFWLRQ�DVVD\�EHFDXVH�WKH\�DUH�VPDOO�LQ�VL]H�DQG�WKH\�DUH�
polymorphic enough to be able to readily determine the presence of a mixture.  Fluorescent detection of the STR alleles by qPCR is most 
HDVLO\�DFKLHYHG�ZLWK�WKH�XVH�RI�DQ�LQWHUFDODWLQJ�G\H�DQG�PHOW�FXUYH�DQDO\VLV��WKH�WHPSHUDWXUH�RI�WKH�675�PHOW�SURGXFW�ZLOO�EH�SURSRUWLRQDO�
WR� WKH�QXPEHU�RI�SRO\PRUSKLF� UHSHDWV� �OHQJWK��RI� WKH�675�DOOHOH��KRZHYHU��SULRU� WR� LQFRUSRUDWLRQ�RI� WKH� WKH�675�DPSOL¿FDWLRQ�DQG�
detection in the quantitation reaction, it was important to demonstrate that the addition of an intercalating dye does not affect the 
SHUIRUPDQFH�RI� WKH�TXDQWLWDWLRQ�NLW�� �7KXV��VDPSOHV�ZHUH� UXQ�ZLWK�DQG�ZLWKRXW� WKH�DGGLWLRQ�RI�6<72���® dye on a qPCR platform 
XVLQJ�D�FRPPRQ�FRPPHUFLDOO\�DYDLODEOH�KXPDQ�TXDQWLWDWLRQ�NLW���'DWD�IURP�WKLV�VWXG\�VKRZHG�WKDW�WKH�DGGLWLRQ�RI�DQ�LQWHUFDODWLQJ�G\H�
GRHV�QRW�FKDQJH�WKH�VWDQGDUG�FXUYH�TXDOLW\�SDUDPHWHUV�RU�WKH�TXDQWLWDWLRQ�YDOXHV�RI�XQNQRZQ�VDPSOHV���)XUWKHU��DOO�UHSOLFDWHV��ZLWK�DQG�
without additional dye) provided values that were well within the normal inter-run reproducibility range (0.0001 to 3.3107).  Next, 
'�6����675�SULPHUV�ZHUH�XVHG�WR�VXFFHVVIXOO\�DPSOLI\�DQG�ÀXRUHVFHQWO\�GHWHFW�VWDQGDUG�PHOW�SURGXFWV�IURP�ERWK�VLQJOH�VRXUFH�DQG�
two-person mixture samples on the same qPCR platform using the same intercalating dye.  Three distinct melting curve patterns were 
LGHQWL¿HG�IRU�WKH�REVHUYHG�JHQRW\SHV�DW�WKH�'�6����ORFXV��ZKLFK�ZDV�FRQVLVWHQW�ZLWK�SXEOLVKHG�VWXGLHV���$�FRPSDULVRQ�RI�WKH�PHOWLQJ�
WHPSHUDWXUHV�IRU�WKH�VDPSOHV�VKRZHG�WKDW�WKH�PL[WXUH�VDPSOHV�SURGXFHG�PHOW�SURGXFWV�IURP�������&�WR�������&�ZKLOH�WKH�VLQJOH�VRXUFH�
PHOWLQJ�FXUYH�JURXSV�UDQJHG�IURP�������&�WR�������&���%HFDXVH�WKHUH�LV�VRPH�RYHUODS�EHWZHHQ�PHOWLQJ�WHPSHUDWXUHV�RI�VLQJOH�VRXUFH�
samples and mixtures, melting temperature alone cannot be used to distinguish between single-source samples and mixtures.  Further 
PL[WXUH�DQDO\VLV�VKRZHG�WKDW�FXUYH�PRUSKRORJLHV�IRU�WKH�VLQJOH�VRXUFH�DQG�PL[WXUH�VDPSOHV�ZHUH�DOVR�YHU\�VLPLODU��KRZHYHU��LW�ZDV�
QRWHG�WKDW�WKHUH�ZDV�D�GLVWLQFW�GLIIHUHQFH�EHWZHHQ�WKH�SHDN�KHLJKWV�RI�WKH�VKRXOGHU�SHDNV��VXJJHVWLQJ�WKDW�WKLV�PHWKRG�FRXOG�EH�XVHG�WR�
GLVWLQJXLVK�D�PL[WXUH�IURP�D�VLQJOH�VRXUFH�VDPSOH�XVLQJ�WKH�'�6����ORFXV���,Q�RUGHU�WR�LPSURYH�UHVROXWLRQ�DQG�PDJQLI\�DQ\�PHOW�FXUYH�
GLIIHUHQFHV�EHWZHHQ�JHQRW\SHV�LQ�IXWXUH�VWXGLHV��+LJK�5HVROXWLRQ�0HOW��+50��FXUYH�DQDO\VLV�PD\�EH�PRUH�EHQH¿FLDO���8QIRUWXQDWHO\��
+50�LQ�WKH�DYDLODEOH�T3&5�LQVWUXPHQW�KDV�D�¿[HG�ZDYHOHQJWK�LQ�WKH�JUHHQ�FKDQQHO�ZKLFK�RYHUODSV�ZLWK�WKH�WDUJHW�ÀXRURSKRUHV�XVHG�
LQ�WKH�TXDQWLWDWLRQ�NLW���7KXV��PHOW�FXUYH�GDWD�IURP�WKH�TXDQWLWDWLRQ�H[SHULPHQWV�ZLWK�RQO\�WKH�LQWHUFDODWLQJ�G\H�DGGHG�ZHUH�UHH[DPLQHG���
'DWD� IURP�WKHVH�UXQV�VKRZHG� WKHUH�ZHUH�QR�PHOW�SURGXFWV�GHWHFWDEOH�DIWHU� WKH�TXDQWLWDWLRQ�DPSOL¿FDWLRQ�UHDFWLRQ�� �&RQVHTXHQWO\�� LW�
DSSHDUV�WKDW�WKH�VFRUSLRQ�PROHFXOH�XVHG�IRU�ÀXRUHVFHQW�GHWHFWLRQ�RI�WKH�KXPDQ�TXDQW�WDUJHW�SUHYHQWV�WKH�DEVRUSWLRQ�RI�WKH�LQWHUFDODWLQJ�
dye.  Therefore, high-resolution melt curve analysis, rather than standard melt curve analysis, will be possible.  Future experiments will 
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LQFOXGH�GHPRQVWUDWLQJ�WKH�DELOLW\�WR�GHWHFW�DOO�FRPPRQ�DOOHOHV�DW�WKH�'�6����DQG'�6����ORFL�XVLQJ�KLJK�UHVROXWLRQ�PHOW�FXUYH�DQDO\VLV�
on the qPCR platform and EvaGreen®�DV�WKH�LQWHUFDODWLQJ�G\H�IRU�ERWK�VLQJOH�VRXUFH�DQG�PL[HG�VDPSOHV���7R�GDWH��GDWD�VKRZ�WKDW�+50�
DQDO\VLV�RI�KLJKO\�SRO\PRUSKLF�675�ORFL�GXULQJ�WKH�TXDQWLWDWLRQ�VWHS�PD\�EH�D�YLDEOH�PHWKRG�IRU�LGHQWL¿FDWLRQ�RI�D�PL[WXUH�SULRU�WR�675�
DPSOL¿FDWLRQ�

Mixture Detection Assay, qPCR, Quantiplex


